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EXECUTIVE SUMMARY

Introduction

Indiana’s House Enrolled Act (HEA) 1190-2021 was imple-

mented on January 1, 2022, to address concerns regarding the

overweight (OW) loading behavior of the freight transportation

industry and OW permitting. The HEA Act required INDOT to

adopt emergency rules and a fee structure for the interim period.

At the start of the interim period (which is still ongoing), the

permit fee was increased from 7 cents/ESAL-mile to 25 cents/

ESAL-mile. INDOT commissioned the current study to provide

specific information about the impacts of the Act on OW permit

and revenue trends and the effects on infrastructure and safety.

Findings

The study results suggest that, due to HEA, there was an

increase in the number of permits issued and revenue gained,

a decline in the GVW and ESALs per truck; and no significant

impact was made on pavement and bridge damage or safety at

most of the permitted routes. The HEA Act helped to close

the gap between OW-induced infrastructure consumption and

revenues from OW-induced fuel-tax revenue overall; and between

OW-induced infrastructure consumption and permitting revenues

regarding non-interstate OW operations. Feedback from

freight transportation industry representatives indicated a strong

propensity to help protect the infrastructure with axle additions,

particularly with financial levers. Overall, the impact evaluation

of HEA indicated no significant adverse effects on permit

volumes and revenues, and most importantly, on infrastructure

and safety.

Implementation

Based on the study outcomes, there is no need for any further

adjustments in the OW divisible load permitting fee structure, and

INDOT should continue to further encourage responsible loading

behavior to stimulate ESAL addition.



TABLE OF CONTENTS

CHAPTER 1. INTRODUCTION . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1
1.1 Study Motivation . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1
1.2 Problem Statement . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 2
1.3 Study Objectives and Scope. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3
1.4 Organization of the Report . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3

CHAPTER 2. OVERWEIGHT PERMITTING: A SYNOPSIS OF NATIONAL AND
STATE TRENDS . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 4
2.1 Background . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 4
2.2 Federal Legislation on OW Truck Operations. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 4
2.3 Indiana State Legislation on Overweight Truck Operations . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 5

CHAPTER 3. LITERATURE REVIEW ON TRUCK PERMITTING: STATE OF PRACTICE IN
INDIANA AND OTHER STATES . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 7
3.1 Introduction . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 7
3.2 OW Permitting Practice: Indiana vs. Midwest States . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 8
3.3 A Summary of OW Permit Fee Structures Across the Midwest States . . . . . . . . . . . . . . . . . . . . . . . 16
3.4 Chapter Summary . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 16

CHAPTER 4. IMPACTS OF OVERWEIGHT VEHICLE OPERATIONS . . . . . . . . . . . . . . . . . . . . . . . 19
4.1 Prelude . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 19
4.2 Overweight Truck Impacts on Pavement Damage . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 19
4.3 Overweight Truck Impacts on Bridge Damage . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 22
4.4 Safety Degradation Due to OW Truck Operations . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 22
4.5 Mobility Impairment Due to OW Truck Operations . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 23
4.6 Economic Productivity Impacts of OW Truck Operations . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 24
4.7 OW Truck Permitting Revenues . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 25
4.8 Chapter Summary . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 25

CHAPTER 5. INFRASTRUCTURE CONDITION, SAFETY AND MOBILITY PERFORMANCE
AT INDOT OW-PERMITTED ROUTES. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 26
5.1 Introduction . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 26
5.2 Pavement Damage Due to OW Operations at Permitted Routes During the Interim Period . . . . . . . 28
5.3 Bridge Damage Due to OW Operations at Permitted Routes During the Interim Period. . . . . . . . . . 32
5.4 Safety and Mobility Impacts of OW Operations at Permitted Routes During the Interim Period . . . . 33
5.5 Chapter Summary . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 36

CHAPTER 6. ASSESSING THE NEED TO REVISE THE FEE STRUCTURE TO
INCENTIVIZE INFRASTRUCTURE-PROTECTING USER BEHAVIOR . . . . . . . . . . . . . . . . . . . . 41
6.1 The Current Fee Structure . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 41
6.2 Aggregate Trends Using 2017–2019 Data . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 41
6.3 Comparison of Fuel Tax and Permit Fees with Pavement Damage . . . . . . . . . . . . . . . . . . . . . . . . 43
6.4 Impact of the Existing Fee Structure on Carriers . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 45
6.5 Chapter Summary . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 48

CHAPTER 7. FINANCIAL AND OTHER LEVERS FOR FACILITATING OW PERMITTING
AND PROMOTING FREIGHT TRANSPORT COMPETITIVENESS . . . . . . . . . . . . . . . . . . . . . . . 48
7.1 Introduction . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 48
7.2 Differential Permit Fee Across the Road Classes . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 48
7.3 Differential Permit Fee Across the Seasons . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 49
7.4 Permit Fee Credits/Discounts . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 49
7.5 Permit Fee Discounts for Adding an Axle . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 49

CHAPTER 8. DEVELOPMENT OF AN OW PERMIT-FEE CALCULATOR . . . . . . . . . . . . . . . . . . . 49
8.1 Steps in the ESAL Calculation . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 50
8.2 ESAL Calculation Tool . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 50
8.3 Chapter Summary . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 51

CHAPTER 9. DASHBOARD TO CONVERT DATA INTO METRICS . . . . . . . . . . . . . . . . . . . . . . . . 51
9.1 Route-Wise Metrics . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 51
9.2 Fuel Tax Metrics by Company (Company Names Redacted) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 52
9.3 Permit Fee Sensitivity . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 53



9.4 Fuel Tax Sensitivity . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 53
9.5 Effect of Modified Permit Fee Structure . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 55
9.6 Chapter Summary . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 55

CHAPTER 10. FLUCTUATION IN THE NUMBER OF OW DIVISIBLE LOAD PERMITS
ISSUED IN 2021 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 57
10.1 Introduction. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 57
10.2 Trends by Permit Issue Type: Grandfathered vs. Yearly Total . . . . . . . . . . . . . . . . . . . . . . . . . . . 57
10.3 Trends by Commodity Type . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 57
10.4 Chapter Summary. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 61

CHAPTER 11. A SURVEY OF THE CARRIERS . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 71
11.1 Vehicle Operations and Road Maintenance. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 72
11.2 Overweight Trips . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 75
11.3 Trailers and Axles. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 75
11.4 Financial Incentives from the State and Permit Fees . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 76
11.5 Indiana Roads . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 77
11.6 Dashboards . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 77
11.7 Chapter Summary. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 78

CHAPTER 12. SUMMARY AND CONCLUSIONS . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 79
12.1 Actual and Anticipated Impacts of HEA 1190-2021 on the Volume of Single-Trip and

Annual Permits Issued . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 79
12.2 Actual Infrastructure Conditions and Safety Performance at the Permitted Routes . . . . . . . . . . . . . 79
12.3 Prospects for OW Fee Revision to Incentivize User Behavior to Protect Infrastructure . . . . . . . . . . 79
12.4 Impact of the Existing Fee Structure on Shippers and Carriers, Including Their Investments

(if any) in Axle Addition . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 80
12.5 Financial Levers that INDOT Could Use to Facilitate Permitting and Freight Transportation

Competitiveness of the State . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 80

CHAPTER 13. RECOMMENDATIONS . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 80
13.1 Continuance of the Current Permit Fee Structure . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 80
13.2 Differential Permit Fee Across the Road Classes . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 80
13.3 Differential Permit Fee Across the Seasons . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 81
13.4 Incentivizing Good User Behavior Through Permit Fees: Surcharging vs. Crediting . . . . . . . . . . . . 81
13.5 Permit Fee Credits or Discounts for Adding an Axle . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 81

REFERENCES . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 81

APPENDICES
Appendix A. Observed Aggregate OW Loading Practices 2017–2019 . . . . . . . . . . . . . . . . . . . . . . . . . . 85
Appendix B. Summary of INDOT’S Recommended OW Permit Fee Structure During the Interim

Period . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 85
Appendix C. Unit Costs of OW Damage to Bridges . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 85
Appendix D. Indiana’s HEA 1190-2021 Overweight Truck Permits (Summary) . . . . . . . . . . . . . . . . . . . 85
Appendix E. Indiana’s HEA 1190-2921 Overweight Truck Permits (Details) . . . . . . . . . . . . . . . . . . . . . 85
Appendix F. Conceptual Relationship Between Pavement Damage Cost and Truck GVW . . . . . . . . . . . 85
Appendix G. Overweight Operations: The Positive Impacts (Trips Reduction) and the Negative

(Traffic Impairment) Impacts on Safety and Mobility . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 85
Appendix H. Using the ‘‘Price-Elasticity of Demand’’ Concept to Estimate Safety Performance

Changes . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 85



LIST OF TABLES

Table 2.1 Chronology of federal truck size and weight legislation from 1956 to 2022 5

Table 2.2 Size and weight restrictions for legally operating vehicles in Indiana 6

Table 2.3 Summary of Indiana’s truck weight limits (lbs.) 6

Table 3.1 Single-trip overweight/oversize permit fees 9

Table 3.2 Annual, multiple-trip, and standard permit fees (flat vs. flat+distance based) across Midwest states 10

Table 3.3 Annual, multiple-trip, and standard permit fees across neighbor states (vehicle weight and/or distance travelled) 13

Table 3.4 Upper thresholds for extra-legal weights (superload permits) 14

Table 3.5 OW fees at states with annual blanket OW permits 14

Table 3.6 Single-trip permits for OS/OW permit carriers by state 15

Table 3.7 Summary of OW permit fee structures at Midwest states 17

Table 4.1 A synopsis of pavement damage cost for high-class road pavements 19

Table 4.2 Synthesis of study findings on the cost of pavement damage due to OW loading 21

Table 5.1 Typical range of parameter values used in PCR determination 28

Table 5.2 U.S. routes used in the pavement damage analysis 28

Table 5.3 Average bridge damage due to OW operations at permitted routes by deck type 33

Table 5.4 Average bridge damage due to OW operations at permitted routes by superstructure type 33



LIST OF FIGURES

Figure 1.1 Actual OW loading practices in a snapshot period (2017–2019) after the 2013 HEA 1481 legislation 2

Figure 1.2 Timeline of Indiana’s OW permit fee structures 3

Figure 2.1 States that allow longer combination vehicles on some interstates 5

Figure 2.2 Indiana’s extra heavy-duty (XHD) roads in northwest Indiana 6

Figure 2.3 Indiana’s extra heavy-duty (XHD) roads in northeast Indiana 7

Figure 3.1 Differences across general schema for permitting based on GVW 11

Figure 3.2 Upper thresholds for OW permits across Midwest states 12

Figure 3.3 Single-trip permit fee characterized by fee attribute and truck attribute 12

Figure 3.4 Annual/multiple-trip permit fee characterized by fee attribute and truck attribute 13

Figure 3.5 A categorization for permit fees structures 15

Figure 4.1 Pavement damage costs reported by previous studies (cents/ESAL/mile) 20

Figure 4.2 A Synopsis of pavement damage costs (2022 dollars) 20

Figure 4.3 Concatenating effects of increased truck weight limits 24

Figure 5.1 Number of permits issued monthly prior to and after HEA 1190-2021 26

Figure 5.2 Average vehicle weight by month prior to and after HEA 1190-2021 27

Figure 5.3 Average vehicle ESALs by month prior to and after HEA 1190–2021 27

Figure 5.4 Pavement deterioration (PCR) with ESALs 29

Figure 5.5 Pavement deterioration with ESALs for US-20/US-6 29

Figure 5.6 Pavement deterioration (PCR) with ESALS for US-30/US-33 30

Figure 5.7 Pavement deterioration (PCR) with ESALs for US-41/US-231 30

Figure 5.8 Pavement deterioration (PCR) with ESALs for US-50/US-150 31

Figure 5.9 Pavement deterioration (PCR) with ESALs for US-231/US-421 31

Figure 5.10 Pavement deterioration (PCR) with ESALs for US-52/US-421 31

Figure 5.11 Road corridors with the highest permit frequencies 32

Figure 5.12 Conceptual TRE-TIE relationship and effect on traffic safety and mobility 34

Figure 5.13 Safety performance at permitted routes for a given change in permit fee 35

Figure 5.14 Changes in mobility performance at sections of frequent OW permitting 35

Figure 5.15 Observed crash rates at sections of frequent OW permitting 40

Figure 6.1 A summary of Indiana’s OW permit fee structure 42

Figure 6.2 A timeline of Indiana’s OW permit fee structures 42

Figure 6.3 Dashboard visuals for permit fee with and without axle and fee issue trend: aggregate network-level analysis 43

Figure 6.4 Examination of OW truck operations (2017–2019) impact using the dashboard 44

Figure 6.5 Comparison: fuel-tax revenue due to excess load vs. pavement damage consumption due to excess load 45

Figure 6.6 Comparison for interstate routes: fuel-tax revenue due to excess load vs. pavement damage consumption due to excess load

vs. permit-free revenue due to excess load 45

Figure 6.7 Comparison for non-interstate NHS routes: fuel-tax revenue due to excess load vs. pavement damage consumption due

to excess load 46

Figure 6.8 Comparison of non-interstate NHS routes: fuel-tax revenue due to excess load vs. pavement damage consumption due to

excess load vs. permit-free revenue due to excess load 46

Figure 6.9 Network-level comparative analysis of the average permit fee with the old and new permit structures

($0.07 and $0.25/ESAL-mile, respectively), 2017–2019 47



Figure 8.1 Example of calculating ESAL for a sample truck 50

Figure 9.1 Truck route analysis to gauge traffic intensity and high-impact routes 52

Figure 9.2 Top contributors to fuel tax revenue and associated metrics 53

Figure 9.3 Permit fee sensitivity to permit fee increase per ESAL-mile 54

Figure 9.4 Observation of permit fee metrics for a specific ESAL range 54

Figure 9.5 Observation of permit fee metrics for a specific company 55

Figure 9.6 Observation of fuel tax metrics for a specific ESAL range 55

Figure 9.7 Observation of fuel tax metrics for a specific carrier 56

Figure 9.8 Permit fee sensitivity associated with the OW part of the load 56

Figure 10.1 Number of permits by issue type 58

Figure 10.2 Average ESALs (monthly) by issue type 59

Figure 10.3 Total monthly ESALs by issue type 60

Figure 10.4 Total monthly weight by issue type 61

Figure 10.5 Average trip weight by issue type 62

Figure 10.6 Average trip mileage by permit issue type 63

Figure 10.7 Total monthly trip distance by permit issue type 64

Figure 10.8 Number of permits issued by commodity type 65

Figure 10.9 Average trip distance by commodity type 66

Figure 10.10 Total trip distance by commodity type 67

Figure 10.11 Cumulative monthly ESALs for OW trips by commodity type 68

Figure 10.12 Average trip ESALS for OW trips by commodity type 69

Figure 10.13 Total OW monthly shipment weights by commodity type 70

Figure 10.14 Average shipment weight for OW permits by commodity type 71

Figure 11.1 Survey responses to question 1 72

Figure 11.2 Survey responses to question 2 72

Figure 11.3 Survey responses to question 3 73

Figure 11.4 Survey responses to question 5 73

Figure 11.5 Survey responses to question 6 74

Figure 11.6 Survey responses to question 7 74

Figure 11.7 Survey responses to question 8 75

Figure 11.8 OW truck trips: granular 75

Figure 11.9 Propensity to add an extra axle 76

Figure 11.10 Cost of adding an extra axle 76

Figure 11.11 Benchmarking Indiana’s OW permit fees 77

Figure 11.12 Axle cost and permit fee 77

Figure 11.13 State financial incentives 78

Figure 11.14 Freight transport industry perceptions of Indiana pavement quality compared to other states 78



LIST OF ACRONYMS

APEW Average Percent overage of the Extra Weight carried by an OW truck (relative to the maximum allowable weight)

ESAL Equivalent Single Axle Load

FHWA Federal Highway Administration

GVW Gross Vehicle Weight

HCA Highway Cost Allocation

HCV Heavy Commercial Vehicle

HEA 1190-2021 House Enrolled Act 1190-2021

HEA 1481-2013 House Enrolled Act 1481-2013
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COMMONLY USED TERMS
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Chargeable ESALs ESALs exceeding the ESAL credit threshold, above which an OW truck is responsible to pay a specific fee.
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CHAPTER 1. INTRODUCTION

1.1 Study Motivation

The State of Indiana’s road network yields benefit
to the state by supporting and promoting economic
development. Like all engineering systems, the highway
systems yield benefits that are accompanied by various
costs incident to the stakeholders. These costs, from the
road agency’s perspective, could be referred to as
‘‘consumption’’ as they are associated with the repair of
deteriorated road bridges and pavements, and oper-
ationally degraded performance (safety and mobility) at
the road segments. The costs are borne by the state’s
taxpayers and road users through reduced levels of
service and increased direct costs of vehicle operations
(fuel, tires, engine, and transmission wear, and so on),
and the state’s residents in general. For this reason, the
government of Indiana bears a fiduciary responsibility
to identify and implement favorable regulations and
policies designed to enhance protection of not only the
highway infrastructure (pavements and bridges) from
undue deterioration but also traffic safety and overall
mobility. Indiana seeks to achieve these objectives with-
out unduly sacrificing the economic development and
productivity associated with the state’s freight trans-
portation operations.

Regarding overweight (OW) road transportation
specifically, Indiana, like most states, finds itself in a
dilemma: on one hand, the state seeks to recover OW-
induced repair/replacement expenditures through per-
mit fees. On the other hand, the state seeks to avoid
OW permit fees that do not impair freight transporta-
tion productivity and hence, maintain economic effi-
ciency and development. As such, there exists a need to
continually monitor the transportation environment
and to strike a fair balance between the state’s trucking
economic competitiveness and adequate recovery of
damage-repair expenditures. This is a dynamic chal-
lenge because of the vicissitudes that characterize the
current socio-economic and technological environment,
including: changes in government (and thus policy),
fluctuations in agricultural and industrial production,
uncertainties in freight shipping demand, changes in
infrastructure material quality and structural integrity,
inflation-plagued costs of infrastructure replacement
and repair, and so on. Due to these trends, the Indiana
Department of Transportation (INDOT), as stewards
of the state’s road infrastructure, has a responsibility to
conduct periodic evaluations of its highway OW fee
policies and their multi-dimensional impacts.

In this regard, an INDOT sponsored study in 2014
(published as SPR-3757, FHWA/IN/JTRP-2014/14)
made recommendations, based on certain assumptions
regarding then-prospective freight transportation
industry behavior in reaction to HEA 1481-2013 pro-
posed at that time. HEA 1481-2013 was the penultimate
OW draft legislation that was passed subsequently circa
2014 as HEA 1481-2013. At the time, the expectation
was that the freight transportation industry would
respond in ways that would subsequently reduce their

permit costs while reducing their equivalent single axle
loads (ESALs) (and therefore protecting the road
infrastructure). It has been indicated, however, that in
the years that followed, those assumptions did not
manifest in the manner anticipated, as the industry did
not add axles to their trucks to reduce the infrastructure
damage to the extent needed (see Figure 1.1). Secondly,
there are a few permitting administration issues
(including incentives, route selection, and economic
analysis) which need to be examined, to further provide
the state legislators with the information needed to
make more informed decisions.

Therefore, in a bid to remain competitive with other
states while ensuring the integrity of Indiana’s highway
infrastructure, the State of Indiana, in January 2022
implemented House Enrolled Act (HEA) 1190-2021, to
establish some key revisions to the OW permit fee
structure. The key revisions included the removal, from
the ‘‘overweight divisible load’’ definition, the commod-
ity list and specified limitations in weights for some
commodity types. The highlight of the legislation was
the requirement for INDOT to submit a recommended
interim OW permit fee structure for OW divisible loads
(see Appendix B). Subsequently, INDOT established
this interim permit fee as $0.25 per ESAL-mile, a
significant jump from the OW permit fee ($0.07 per
ESAL-mile) that existed since 2014. Also, the legislation
expanded the list of commodities that could be counted
under this category. Further, the law placed a cap on
the total count of single permits issued annually,
providing that ‘‘not more than 8,500 single trip permits
may be issued annually’’ for applicants with a total
ESAL calculation exceeding 2.40 ESAL credit. These
imposed limits applied only to permits issued after
January 1, 2022. Permits issued before this date were
made to be unaffected by this restriction as they were
considered as ‘‘grandfathered’’ in. The law also
empowered INDOT with the authority to place a limit
on the number of OW divisible load permits issued to
an individual OW permit-fee applicant. INDOT was
also required to adopt rules, recognizing that there
existed a lack of transportation alternatives for certain
supply chain interruptions, resources, or supply dock
backlogs.

HEA 1190-2021 required INDOT to adopt the
emergency rules and fee structure for the interim period
and report, by July 1, 2023, to Indiana’s legislative
council and the Interim Study Committee on Roads
and Transportation, on the OW divisible load permit
fee structure and the impact of OW divisible loads on
the road/highway infrastructure. Furthermore, the law
required INDOT to report annually to the two
legislative offices on the OW divisible load permit
market fluctuation. It is anticipated that these reports,
along with information provided by other state entities,
will help to determine the final ‘‘permanent’’ fee
structure. Figure 1.2 illustrates the fee structure time-
line.

As a post intervention evaluation measure, the state
legislators requested INDOT to ascertain the impacts
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Figure 1.1 Actual OW loading practices in a snapshot period (2017–2019) after the 2013 HEA 1481 legislation.
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of HEA 1190-2021 on the number of permits issued,
revenues, and infrastructure consumption and opera-
tional performance (safety). This is consistent with
INDOT’s continuing quest to monitor OW operations
and associated costs, and to ensure the continuance of
reliable and appropriate fee structure for continued
OW operations. That way, INDOT will be well
equipped to advise the state’s legislators appropriately

regarding prospective adjustments to the OW fee
structure.

1.2 Problem Statement

Against this background, regarding HEA 1190 (see
Appendix D and E), INDOT seeks answers to several
questions involving several issues. First, there is a need



Figure 1.2 Timeline of Indiana’s OW permit fee structures.
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to understand the impact of permit fees on the number
of annual and single trip permits granted relative to
the fees based on INDOT’s SPR-3757, which was
published in 2014 (Everett et al., 2014). It is also
necessary to ascertain the extent of actual infrastructure
condition, safety, and mobility performance on the
permitted routes due to the operations of the OW loads.
Next, INDOT seeks to examine if there has been a
fluctuation in the count of OW divisible load permitting
across the years. Further, in a bid to evaluate a possible
need to modify the permit fee structure again to fur-
ther motivate the freight transportation industry to
adopt loading patterns that protect the infrastructure,
INDOT seeks to investigate whether there will be any
changes in infrastructure damage if there is a change in
the OW permit fee structure. It is also in INDOT’s
interest to measure the effect of the existing OW per-
mit fees on the freight transport industry and their
investments (if any) in axle addition and identify and
financial and other levers that the agency could use to
promote infrastructure-protecting loading behavior of
the carriers without compromising the competitive
economic position of the state. In 2021, INDOT com-
missioned Purdue University to undertake a study to
investigate these issues, and to provide guidance that
will inform INDOT and its recommendations to the
legislature.

1.3 Study Objectives and Scope

Based on the problem statement described above,
the objective of this study is to generate information
that can assist INDOT in making appropriate recom-
mendations to the Indiana General Assembly regarding
the permitting of OW divisible loads. Specifically, the
study seeks the following.

1. Determine the actual and anticipated impacts of the
HEA 1190 legislation on the volume of single-trip and
annual permits issued, relative to the volumes that were
based on legislation following INDOT Publication No.
FHWA/IN/JTRP-2014/14 of the Joint Transportation
Research Program (Everett et al., 2014). This part was
addressed by INDOT and reported separately to the
legislature).

2. Determine the actual infrastructure condition, safety,
and mobility performance at the permitted routes.

3. Document the fluctuation in OW divisible load permits
granted in 2019 and 2020. This part was addressed by
INDOT and reported separately to the legislature.

4. Identify any need to revise the OW fee structure to
incentivize user behavior to protect the infrastructure.

5. Assess the expected changes in infrastructure consump-
tion arising from prospective changes to the permit fee
structure.

6. Document the impact of the existing fee structure on
shippers, carriers including their investments (if any) in
axle addition.

7. Explore the financial levers that INDOT could use to
make permitting easier, to facilitate competitiveness of
freight transportation operations in the state.

Study scope: The study focused on state highways
only. The term ‘‘overweight vehicles’’ refers to classes 5
and above that exceed load regulations.

1.4 Organization of the Report

Chapters 2 and 3 present a synopsis of OW per-
mitting state-of-practice in Indiana and other states,
and a review of published literature. Chapter 4
addresses the current knowledge on the impacts of
OW operations in terms of infrastructure damage
(pavements and bridges) and operational degradation
in terms of mobility, safety, and OW permitting
revenues. Chapter 5 provides a specific look at the
infrastructure and safety impacts at specific INDOT
OW-permitted routes and Chapter 6 assesses the need
to revise fees to incentivize infrastructure-protecting
user behavior, through examination of the current fee
structure, a review of the aggregate trends, and
comparisons of the fuel tax revenues and permit fee
revenues with pavement damage costs due to OW
operations. Chapter 7 explores a few financial and
other levers that INDOT could use to facilitate
permitting and to promote competitiveness of freight
transportation operations. Chapters 8 and 9 describe
the development of an OW permit-fee calculator useful
to prospective permit seekers, and a dashboard tool to
convert raw permitting data into metrics useful to the
Indiana Department of Revenue (INDOR), INDOT,
and prospective permit seekers. Chapter 10 discusses
the fluctuation in the count of OW divisible load
permits granted in 2021, and Chapter 11 presents the



perspectives of the carriers (through a questionnaire
survey) regarding various aspects of their OW opera-
tions and their perspectives on a few prospective
initiatives related to OW permitting administration
and fee levels. Chapter 12 provides concluding remarks
on the study including recommendations. Finally, the
report provides some policy recommendations for
INDOT. The end of the report contains the references
cited in this manuscript, and a few useful OW-related
literature and other resources from various Midwest
states, and some supporting material related to the
study analysis.

CHAPTER 2. OVERWEIGHT PERMITTING: A
SYNOPSIS OF NATIONAL AND STATE TRENDS

2.1 Background

Efficient transportation of agricultural or industrial
goods (as raw materials, intermediate products, and
finished products) across points of extraction/harvest-
ing/manufacture, warehouses, and markets, and across
suppliers, distributors, and consumers, can be consid-
ered both cause and effect of economic growth.
Therefore, freight volumes are not only a critical input
to an economy but also represent an outcome of a
thriving economy. It has been estimated that in the
U.S., over 50 million tons of goods worth $52 billion
(2018 dollars) were transported daily in 2018, account-
ing for approximately 10% of the national Gross
Domestic Product (USDOT, 2020).

Of the freight transport modes, truck transportation
has dominated shipping under 1,000 miles and, in the
United States, carries the largest share of freight by
value and weight over the last few decades (USDOT,
2020). For example, in 2018, truck transportation
accounted for approximately 11 billion tons (60% of
total tonnage) and $12 trillion freight value (61% of
total freight value) (USDOT, 2020). The large volume
of road freight nationally is evidential of the freight
transportation industry’s enormous contribution to the
socio-economic development of the country. Unfor-
tunately, these benefits are accompanied by costs
associated with the damage caused by the OW
operations, including deterioration of road infrastruc-
ture, and traffic safety and mobility degradation
(Ahmed, Agbelie, et al., 2013).

In a bid to address the adversities associated with
OW operations (safety and mobility impairment, and
pavement and bridge infrastructure deterioration), state
DOTs, often required or encouraged by their legisla-
tures, have established weight and size limits, and
permitting fees to regulate freight transportation opera-
tions. Their goal is to prevent undue damage to the
infrastructure and to promote highway traffic mobility
and safety without impairing the economic efficiency of
freight operations. Without such regulation, the pave-
ments and bridges would deteriorate faster, and the
region’s freight-related economic productivity and
development could be placed in jeopardy (Everett
et al., 2014). As such, the Indiana DOT, like other state

highway agencies, seeks to identify the delicate balance
between reasonable OW-permitting policy (to support
the state’s economic competitiveness) on one hand, and
a reasonable degree of recovery of freight-related
highway repair/replacement-related expenditures.

This quest poses a few challenges to the agency.
First, there exists several uncertainties associated with
analysis inputs. These include variations in infrastruc-
ture demand and usage (traffic volumes and loads) that
cause variabilities in the unit cost of infrastructure
consumption. Also, such consumption costs are
affected by technological innovations in bridge and
pavement materials science, structural designs, con-
struction processes and project delivery approaches,
and maintenance strategies and schedules. These, in
turn, influence the maintenance and replacement costs
and the service lives of these highway infrastructure
assets (Everett et al., 2014). Therefore, to keep abreast
of such dynamic trends in the highway administration
environment, highway agencies strive to review and
update periodically their overall policies and regula-
tions including OW permitting. Such updates require
data and information on the potential impacts of
prospective changes in policies (such as OW fees) on
infrastructure condition, mobility and safety, and
economic productivity.

The literature review presented in this chapter
addresses the historical evolution of OW permitting
and presents a synopsis of national and state trends in
this regard.

2.2 Federal Legislation on OW Truck Operations

The 1956 Federal-Aid Highway Act is the first
federal regulation associated with truck weight limits.
Passed to protect the interstate highway infrastructure,
this law placed caps on the weights as follows—
combination trucks: 73,280 lbs. GVW; single-axle:
18,000 lbs.; tandem-axle: 32,000 lbs. The truck width
was restricted to a maximum of 96 in., and the truck
length and height restrictions were left to the states
(FHWA, 2015). As explained in subsequent para-
graphs, various exceptions to these federal restrictions
(collectively known as the ‘‘grandfather clause’’)
allowed some flexibility or restrictions regarding the
exceedance of truck axle load or GVW limits at
interstate highways.

The U.S. Congress, in 1974, legislated an increase in
the federal weight limits to 80,000 lbs. maximum GVW;
a 20,000 lbs. load limit for any single axle, and 34,000
lbs. for any tandem axle (FHWA, 2015). Unfor-
tunately, such increases did not cover all states, causing
hiccups in cross-country freight (USDOT, 2015). The
Surface Transportation Assistance Act (STAA) of 1982
addressed these hiccups by setting up a National
Highway System (includes all interstate roads, most
US roads, a select few state roads, other federal-aid
highways deemed to be critical to the nation’s freight
transportation industry. Regarding this national road
system, the federal weight limits served as minimum
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values and the truck maximum width was increased to
8.5 ft. (FHWA, 2015).

In 1991, the Intermodal Surface Transportation Effi-
ciency Act (ISTEA) was passed. This legislation restric-
ted the weights and routes for long combination vehicles
(LCVs). LCVs came to be defined as ‘‘a combination of
truck-tractor or two or more trailers or semitrailers
which operate on the National System of Interstate and
Defense Highways with a GVW greater than 80,000 lbs.’’
(FHWA, 2015). As of the time of writing, 17 states allow
LCV’s operations on their interstates (Figure 2.1). Table
2.1 summarizes federal legislation that influence states’
exemptions, their grandfather rights, and restrictions to
their truck weights and sizes.

Further, to protect the bridge infrastructure from
undue loads, the FHWA established, for trucks cross-
ing bridges, a formula to establish limits on the weight-
to-length ratios (FHWA, 2006). This is known as
the federal bridge weight relationship (Equation 2.1).

The rationale is that specific inter-axle intervals pose
different load concentrations, thus causing different
stresses on bridges. The overall gross weight, W (to the
nearest 500 lbs.) on any set of two (or more)
consecutive axles, is given by

W~500
L N

N{1

� �
z12Nz36 ðEq: 2:1Þ

Where: L 5 distance (ft.) between the outer axles of
any set of two or more consecutive axles; N 5 the
number of axles.

2.3 Indiana State Legislation on OW Truck Operations

Title 9 (Motor Vehicles), Article 20 (Weight and
Size Regulations) of Indiana’s Code (Indiana General
Assembly, 2021) presents the details of the laws that
regulate truck weight and size in the state. The state

Figure 2.1 States that allow longer combination vehicles on some interstates (USDOT, 2015).

TABLE 2.1
Chronology of federal truck-size and weight legislation from 1956 to 2022

Regulation Size Limits Weight Limits

1956: The Federal-Aid Highway Act Interstate Highways

Width: 96 in. max.

Interstate System

Single-axle: 18,000 lbs. max.

Tandem-axle: 32,000 lbs. max.

GVW: 73,280 lbs. max.

1974: Amendments to the

Federal-Aid Highway Act

Interstate Highways

Width: 96 in. max.

Interstate System

Single-axle: 20,000 lbs. max.

Tandem-axle: 34,000 lbs. max.

GVW: 80,000 lbs. max.

1982: The Surface Transportation

Assistance Act (STAA)

Interstate Highways

Width: 102 in. max.

Interstate System

States were mandated to allow the federal weight

limits at their interstate highways

1991: The Intermodal Surface

Transportation Efficiency Act

(ISTEA)

Freeze on longer combination vehicles

(LCVs), imposed by the U.S. Congress

Freeze on longer combination vehicles (LCVs),

imposed by the U.S. Congress
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law contains provisions that permit trucks on the
state’s National Highway System (NHS) roads to
exceed certain federal limits regarding: (1) GVW

exemptions associated with trucks carrying specific
commodity types, and (2) truck weight tolerances
regarding GVW and/or individual axles. For legal
operations on Indiana’s roads, a truck must meet the
limits on specified weights and dimensions (Table 2.2).

In addition, federal law grandfather provisions allow
states to permit the operations of heavy- and extra
heavy-duty trucks at certain interstate road sections at a
maximum GVW of 134,000 lbs.; single axle weight limit
of 22,400 lbs.; and a tandem axle weight limit of 36,000
lbs. The GVW limit depends on whether the highway is
designated as a heavy-duty highway or an extra heavy-
duty highway. Trucks that exceed the state’s legal
weight limits need to purchase a permit. Table 2.3
summarizes Indiana’s weight limits for truck opera-
tions. Also, the state has identified routes where
operations by heavy-duty and extra heavy-duty truck
are allowed (Figure 2.2 and Figure 2.3).

TABLE 2.2
Size and weight restrictions for legally operating vehicles in
Indiana

Attribute Limits

Length Two-vehicle combination: 60 ft.1; single vehicles: 40 ft.

Width 8 ft. 6 in.

Height 13 ft. 6 in.

Weight 80,000 lbs. GVW

800 lbs./in. of rim width; subject to axle weight limits

34,000 lbs. on a tandem axle

20,000 lbs. on a single axle

1No overall length limit for two-vehicle combinations connected by

a 5th-wheel hook-up. Nevertheless, total length must not exceed 53 ft.

TABLE 2.3
Summary of Indiana’s truck weight limits (lbs.)

Axle(s) State and Interstate Highways Heavy-Duty Highways Extra Heavy-Duty Highways

GVW 80,000 lbs. 80,000 lbs. 134,000 lbs.1

90,000 lbs.1

Single Axle 20,000 lbs. 22,400 lbs. 18,000 lbs.

Tandem Axle 34,000 lbs. 36,000 lbs. (18,000 lbs. for each axle) 32,000 lbs.2

Other 800 lbs./in. of tire width

1.5% scale tolerance

800 lbs./in. of tire width

1.5% scale tolerance

800 lbs./in. width of tire

1.5% scale tolerance

1State Form 944 (M-233ST) can be found at https://www.in.gov/dor/tax-forms/motor-carrier-forms-and-applications/. It presents the routes

where trucks can operate legally with a maximum weight of 134,000 lbs.
2Any axle within an axle combination has a maximum weight of 13,000 lbs. (i.e., 26,000 lbs. total for a two-axle group), except in the case of one

tandem axle group which may weigh 16,000 lbs. for each axle (i.e., 32,000 lbs. combined).

Figure 2.2 Indiana’s extra heavy-duty (XHD) roads in northwest Indiana.
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Figure 2.3 Indiana’s extra heavy-duty (XHD) roads in northeast Indiana.
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CHAPTER 3. LITERATURE REVIEW ON TRUCK
PERMITTING: STATE OF PRACTICE IN
INDIANA AND OTHER STATES

3.1 Introduction

As mentioned in Chapter 2, public roads in Indiana
are designed to support the operations of vehicles of
specific size and weight limits. Vehicles whose sizes and
weights exceed the legal limits, need to purchase a
permit. These operational policies help protect the
infrastructure from undue deterioration in physical
integrity, longevity, and operational levels of service.
The situation is similar to other states in the Midwest
and indeed, throughout the U.S. For example,
Dehghan-Niri et al. (2020) determined that the differ-
ences in permitting practices (types and fees) across the
states are generally a reflection of the load type and the
OW load levels. The State of Indiana administers permit
fees to help ascertain that the OW truck will use the
appropriate route, enforce the requisite road safety
procedures (INDOR, 2017), and incentivize favorable
industry behavior. The revenues associated with these
fees are distributed to the State Highway Fund (IC 8-23-
9-55). The fund contributes to the funding of the state’s
highway system and local road system.

This chapter presents the current OW vehicle
permitting policies in Indiana and at other Midwest
states. The sources of this information are the websites
of various agencies. In a subsequent chapter of this
report, this literature review is supplemented using
information from a questionnaire survey of personnel
from various state highway agencies that are respon-
sible for vehicle weight and size permitting.

A vehicle is termed overweight when its gross weight
is greater than 80,000 lbs. However, the GVW alone is

not enough to capture the full effect of excess weight.
The entire weight of a truck is carried on the truck
axles. Thus, the weight on each vehicle axle, weight of
each set of tandem axles, and the weight on each truck
tire are also important criteria of OW status. The
stresses on the road pavement and bridge depend on the
axle spacings and the number of axles.

The total weight associated with each permit
application is determined from the permit application
and evaluated based on the federal bridge formula (see
Chapter 2), and a comparison is made with the limits
that have been established by the state. INDOR (2017)
provides further details regarding the federal formula
and tables. Therefore, trucks with weight ranging from
80,000 lbs. to 120,000 lbs. are defined as ‘‘overweight’’
and require an OW permit. Trucks of GVW exceeding
120,000 lbs. are referred to as ‘‘superloads’’ in pages
10–11 of the Indiana Oversize & Overweight Permitting
Handbook (INDOR, 2017) and require a superload
permit. Indiana’s superload threshold dimensions are
15 ft. height, 16 ft. width, and 110 ft. length.

An exception to the non-divisible loads rule is that
for roads designated as ‘‘extra heavy-duty highways’’ in
the northern part of the state, permit seekers may carry
divisible loads up to a total maximum GVW of 134,000
lbs., subject to legal axle weight specifications (for this,
a special permit often referred to as ‘‘Michigan Train
Permit’’ is required).

The Indiana Departments of Transportation and
Revenue (INDOT and INDOR) collaborate to
administer the OSOW permitting process. The
departments issue OW permits only after ensuring
that the specific truck and loading level will not
unduly pose a threat to the road infrastructural or
operational integrity.



Applicants that seek OW permits are requested to
initially confirm that their intended load is indivisible
(defined in Federal Regulations 658.5 Code (INDOR,
2017). In Indiana, permit acquisition platforms include
online portals, permitting services, mail, fax, and walk-
in. Permit-seeking freight transportation entities that
are new to the state are encouraged to visit the INDOR
website’s Motor Carrier Services portal, to establish an
OW account through the link ‘‘New to Indiana? Apply
for an OW Account.’’ The permit seeker inputs the basic
and account information, the truck’s USDOT-assigned
number, and the applicant’s mailing address and other
contact information. To facilitate superload permit
processing for applicants with severe time constraints,
INDOR has established a pre-approval process.

Additionally, for superloads in Indiana, the current
permitting process is such that the engineering analysis
could be carried out prior to the permit application and
the applicant is assigned a pre-approval number for the
superload. With the pre-approval number, the appli-
cant, over the following 30 days, can obtain the trip
permit using the same permit information (route
requested and vehicle configuration) without any further
analysis by INDOT analysis or processing delay.
INDOT engineers review any loading proposals that
fail the overload analysis or exceed 200,000 lbs.; these
situations often require additional time for processing.

3.2 OW Permitting Practice: Indiana vs. Midwest States

The literature review highlights the similarities and
differences between Indiana’s permitting processes for
OW freight transportation operations and those of
other states. It was observed that Indiana’s permitting
processes are generally superior in terms of favorability
for freight transportation operations (i.e., the ease and
convenience of process of acquiring permits). This
chapter compared eight (8) Midwest states’ practices of
OW permitting, special (or extra-legal) weight permit-
ting, and fee levels of structure (per vehicle-mile,
per vehicle, per ton-mile, and so on). The states
are Wisconsin, Kentucky, Iowa, Michigan, Ohio,
Minnesota, Illinois, and Missouri. The review is
discussed subsequently in this chapter. The sections
present observations regarding states OW permitting
processes, permit class weight thresholds, fee levels,
and fee structure criteria. The sections also address
weight-distance fee concepts, revenue neutrality
associated with annual permit fees, and the delinea-
tion of special routes for OSOW vehicles. Tables 3.3
and 3.6 provide a synopsis of these discussions.

3.2.1 General Observations

The review of the literature suggests that there still
exists significant variability in permitting practices
across the Midwest states (as seen earlier in Tables 3.1
and 3.2 of the previous section). This is consistent with
the observations of Humphrey (1998) who studied OW
permitting differences and uniformities across state

DOTs in the nation (published as the NCHRP
Synthesis of Practice 143) and Whitford and Moffett
(1995) who focused on the Midwest. It is observed in
the current study that few or no states have identical
permitting policies, notwithstanding some general con-
sistent patterns across some states.

The review of literature showed that regarding weight
and size permitting, the state agencies use uniform GVW
thresholds that were established by federal legislation.
The existing federal maximum (cap) for interstates is
GVW 80,000 lbs. Under federal grandfathering provi-
sions, certain states allow the weights of truck combina-
tion weights to exceed this limit). The federal cap is
referred to as ‘‘upper threshold for legal weights.’’
GVWs that exceed this cap are generally termed
overloads, or in some cases, ‘‘excess loads’’ or in extreme
cases, ‘‘superloads.’’ These terms are often used rather
loosely, and their exact thresholds and meanings vary
across the states. For example, the term ‘‘superload’’
may refer to weights that exceed 100,000 lbs. or more in
certain states, 90,000 lbs. in other states, or even 80,000
lbs. in other states. Across the states, there are
significantly different upper thresholds for what the
state classifies as ‘‘excess loads,’’ ‘‘superloads,’’ or
‘‘extremely OSOW trucks.’’ For clarification, we present
Figure 3.1 (reproduced from a 2010 JTRP study (Bilal
et al., 2010)). The figure presents the different general
schema for OW classification and permitting across the
states based on the weight thresholds. The different
threshold types of thresholds that define the schema are
described as follows.

3.2.1.1 Upper threshold for legal weights (UTLW).
UTLW refers to the federal weight threshold (80,000
lbs.). Trucks with weights exceeding this limit are
considered extra-legal and require a standard OW
permit for their highway operations.

3.2.1.2 Upper threshold for extra-legal weights
(UTELW). Regarding trucks whose weights exceed
the federally mandated limit of 80,000 lbs., some states
may place a further limit, termed UTELW. In some
states, this limit applies only to certain OW permit-
ting structures, e.g., a separate UTELWs for multiple-,
single-, and blanket (annual) permits, or seasonal
restrictions. For example, in Wisconsin, a truck
seeking multiple-trip permits cannot, with its load,
exceed 170,000 lbs.

3.2.1.3 Upper threshold for extra-legal weights for use
at special routes (UTELW-S). Certain states may have
a UTELW that does not allow extra-legal truck
operations at all the state’s highways. Where such
restrictions exist for specific highway segments or
specific road classes, such threshold could be referred
to as UTELW-S. It is typically the case that these road
segments or functional classes are roads (or a subset
thereof) that had been designed and constructed to
relatively superior engineering design and material
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TABLE 3.1
Single-trip overweight/oversize permit fees

State Fee ($) Remarks

IN OW: $20 + $1.00/mi. (.150,000 lbs.)

OW: $20 + $0.60/mi. (108,001–150,000 lbs.)

OW: $20 + $0.35/mi. (#108,000 lbs.)

Special weight permit: $42.50

Mobile home permit: 12 ft. 4 in. = $10; 14 ft. 4 in. 5 $18

Flat fee and distance based.

Separate fee structure for OW

only, OS only, OW/OS and

Superloads over 120,000 lbs.

charged $10 executive fee.

Vehicles over 200,000 lbs.

charged $10 executive fee + $25

design and review fee + $10 per

bridge (bridges fees).

MO OS/OW permit including pre-issue—$15 plus $20 per each 10,000 lbs.

in excess of legal gross weight.

OW permits . 160,000 lbs. GVW: $15 + $20 per each 10,000 lbs. more

than legal gross wt.

Bridge plus roadway analysis fee of:

$425 for each permit for moves # 50 mi. distance, and

$625 for 51–200 mi; $925 for . 200 mi.

Separate fee structure for OS

only, OW only and OS/OW

IA $10 Flat fee

MI OS only: $15

OS & OW: $50

Separate flat fee for OS only and

OS/OW

OH Routine

OS only, 1-way: $65; 2-way: $100 steel coil, 1-way: $65; 2-way: N/A

Multi-stage OS/OW, 1-way: $135; 2-way: N/A

Multi-stage OS only, 1-way: $65; 2-way: N/A

Emergency, 1-way: $250; 2-way: $235

Super Load (.120,000 lbs.; 149 wide; .14960 ht.)

OS/OW: 1-way: $135 + TM; 2-way: $200 + TM

OS only, 1-way: $135 + TM; 2-way: $200 + TM

TM 5 ton-mile 5 $0.04 *[(GVW-120,000)/2,000]

Separate flat fee structure for

routine and super loads and

for OS only and OS/OW

WI Vehicles over length limit 5 $15

Vehicles over width limit or height limit 5 $20 vehicles over

both width and length limits: $25

Add $10 district fee + $10 bridge

fee + $1 online permit order

fee + $10

pavement damage fee for vehicles

. 169

width and/or .270 kips GVW

KY $60 Flat fee

IL OS only

OS and OW (width # 129)

6 axles, max gross weight 100,000 lbs. 5 $55 for 181–225 mi. $115 for

451–495 mi.

6 axles, max gross weight 120,000 lbs. 5 $130 for 181–225 mi. $280 for

451–495 mi.

5 axles, max gross weight 100,000 lbs. 5 $130 for 181–225 mi. $280 for

451–495 mi.

Flat fee plus distance-based

Separate fee structure for OS only

and OS/OW

Add $40 district fee + $1 online

transmission fee
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standards, often with the expectation of high-load truck
operations.

These schemas are presented based on gross weights
only (GVW thresholds); however, similar schema could
be developed based on axle loads. For example, a truck
weighing less than 80,000 lbs. could nevertheless be
considered overweight if the weight of any one of its
axles exceeds 20,000 lbs., in which case an ‘‘upper
threshold axle weight (UTAW)’’ would be 20,000 lbs.
Further, in each state, there could exist different schema
or sub-scheme for the different permit types based on

permit timespan (single, multiple, and annual blanket
permits, for example).

Schema 1: In this schema, there exists an upper
threshold for legal weights. This has been set by the
federal government (80,000 lbs.) but could change in
future. Also, in this schema, there exists a second
threshold: UTELW. Trucks whose weights fall
between these two thresholds can operate on any
highway in the state using an OW permit but trucks
with weight exceeding UTELW are not allowed to use
the state’s highways. Of all the schemas presented in



TABLE 3.2
Annual, multiple-trip, and standard permit fees (flat vs. flat+distance based) across Midwest states

State Fee ($) Remarks

IA $300 (OS/OW) Flat fee

IN $405 (OS only) Flat fee

Continuing annual (365 days)

OH Annual Blanket Permit

Boat: 1-way = $100

Farm equipment: 1-way = $100

Construction equipment: 1-way = $100

Manufactured building: 1-way = $100

Marina: 1-way = $100

Flat fee

Continuing Annual Permit

OS/OW: $2,970 (return); $1,970 (1-way)

Steel Coil: 2-way = N/A; 1-way = $470

Michigan Legal: 2-way = $470; 1-way = $470

MO Single commodity: $128 (OS only)

Multiple commodity: $400 (OS only)

Flat fee

Annual blanket (365 days)

KY Farm: 14 ft. to 16 ft. wide: $150

Farm: less than 14 ft. wide: $80

Industrial haul: $20

Non-div.14216 ft. width: $500

Non-div. , 14 ft. width: $250

Flat fee

Steel load 5 $250 (for 35 mi. max.)

MI OW: $50 + $100 (renewal) =

OS only: $15 + $30 (renewal)

$150

= $45

Flat fee

Annual extended

WI OW and/or OW & OS:

12 months: $1,050 up to 170 kips GVW

Flat fee

Multiple permit (for a 3–12 months period)

MN Construction supplies: $200 (OS & OW up to 90 K lbs. GVW)

Farm machinery: $200 (OS & OW up to 90 K lbs. GVW)

Flat fee
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this section, this can be considered the simplest and
the most restrictive.

Schema 2: Schema 2, like Schema 1, has an 80,000
lbs. legal weight upper threshold and a second upper
threshold (UTELW) for extra-legal trucks (the latter
referring to trucks with weights that fall between these
two thresholds and are allowed to use all the state’s
highways if they have a permit). Unlike Schema 1,
however, Schema 2 has a third weight threshold,
UTELW-S, above UTELW. Trucks with weights
between UTELW and UTELW-S are often allowed
to operate at specific highway classes (for example,
interstates) or specially designated highway segments.
These trucks require yet another type of permit. Often,
these routes have high design and construction quality
standards to support high loads. The northern part of
State of Indiana, for example, has routes designated as
‘‘extra heavy-duty highways’’ where maximum (GVW)
divisible loads of 134,000 lbs. may be transported,
subject to axle weight limits. Weights beyond such
UTELW-S limit are prohibited.

Schema 3: Schema 3 is identical to Schema 2 with the
exception that the specific designated routes can be
used for extra-legal trucks (that is, trucks exceeding
80,000 lbs.).

Schema 4: Of all the schema, Schema 4’s only
restriction is the 80,000 lbs. for legal operations.

There is no limit on truck weights and extra-legal
operations (weights exceeding 80,000 lbs.), regardless
of weight are allowed if the truck pays the appro-
priate fee and uses designated routes only. This could
be considered the most permissive of all schemas
discussed in this section.

This study’s literature review showed that most
Midwest states have long administered both single-trip
permits and annual blanket permits. However, there
exist significant variability across their fee structure
details and fee levels. It was observed that certain states
that have any one of these two fee structure categories
also impose an additional charge per mile of travel or
per ton-mile (implicitly) of travel. Also, the OW
permitting literature suggests that the freight transporta-
tion companies that typically undertake several trips
annually find it far more economical to purchase annual
permit fees. At the same time, it has been long
recognized that annual fee permit structures do not
yield adequate revenue (Bilal et al., 2010; Chung Li,
2022; Everett et al., 2014; Whitford & Moffett, 1995).
As Bilal et al. (2010) observed, state agencies that seek
to adopt annual permit fee structures in replacement
of single-trip permitting, are interested in the issue of
revenue neutrality across these permitting categories.
A study by the Texas Transportation Institute
(Middleton et al., 1988) suggested that efforts in this



Figure 3.1 Differences across general schema for permitting based on GVW (Bilal et al., 2010).
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direction have been generally unsuccessful. The current
view in 2023 is not expected to be different. The
observations herein regarding the thresholds for legal
oversize/overweight permit classification and fee struc-
ture criteria, updated from the observations of Bilal
et al. (2010), are presented in the next section.

3.2.2 Observations Part I: Legal Overweight/Oversize
Permit Threshold Classes

Permits for extra-legal weight and size operations are
required in cases where the permit truck exceeds size
or weight thresholds. The update showed that the load
and dimension thresholds for OW classification and
vehicle for oversize classification, respectively, still
exhibit marked variations across the various states.
Regarding truck weight, the upper threshold across the
states is 80,000 lbs. UTLW (Figure 3.1), largely due to
federal mandates. This is the limit above which the
truck must operate with a permit. Axle weight, unlike
GVWs, were found to have upper thresholds that vary
across the states. Indiana’s maximum weight for each
axle is 20,000 lbs. (INDOR, 2017).

There exists a limit to legal excess weight, as the
schema suggest. Beyond the legal weight upper thresh-
old (the point after which excess load beyond 80,000 is
imposed a permit fee). This limit, the second threshold
(Figure 3.1), is the ‘‘threshold for extra-legal weights.’’
Some states refer to the loads between the legal weight
upper threshold (UTLW) and the extra-legal weight
upper threshold (UTELW) as the ‘‘superloads.’’

Regarding the third category of truck weights (those
exceeding the extra-legal weight upper threshold
(Figure 3.1)), there exist states that prohibit operations

of freight transportation at these weight levels and there
also exist others that allow such weight levels only using
special permits for use at specific road classes or specific
road segments, or in some case during certain seasons
of the year (for example, outside the thaw season when
the subgrades are at their weakest). As such, there exists
a limit, UTELW-S. Beyond this limit, freight transpor-
tation operations are proscribed. The literature review
indicated that the thresholds (UTELW and UTELW-S)
vary significantly across the states.

Some states have no clear demarcation of the
thresholds and rather have increments of the permit
fee with OW increments above 80,000 lbs. For states
that have upper limit weight thresholds for OW trucks
(for example, 170,000 lbs. in Wisconsin), it is not certain
how the limits were established—expert opinion, opti-
mization, or continuation of historical practices.

Figure 3.2 presents a rough representation of the
variation of the upper bound weight (GVW) thresholds
for excess-weight OW truck operations at some
Midwest states as of 2022. This figure was established
based on data on the extant permit fees (Tables 3.1
through 3.6) and published sources online. It can be
observed from the figure that Indiana and Wisconsin had
the highest thresholds for extra-legal truck weights (over
200,000 lbs. and 170,000 lbs., respectively). They are
followed by Missouri (160,000 lbs.); Iowa (156,000 lbs.);
Michigan (150,000 lbs.); Minnesota (145,000 lbs.); and
Ohio, Illinois, and Kentucky (120,000 lbs.).

It is worth noting that (1) these thresholds are
associated with OW permitting fees that vary state-to-
state: a few are about annual blanket permits and other,
for single trips. Therefore, in comparing OW permitting
policies across states, it can considered good practice to



Figure 3.2 Upper thresholds for OW permits across Midwest states.
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Figure 3.3 Single-trip permit fees categorized by fee attribute and truck attribute.

do so with circumspection and on a case-by-case basis;
(2) some states still prohibit, implicitly or explicitly,
truck operations that exceed some upper threshold
listed; others allow this only if such thresholds are not
unduly high and if a permit is issued for that load; (3)
the use of axle-based thresholds (instead of GVW
thresholds) will likely yield a different order of weight
thresholds across the states.

Following from (3) in the preceding paragraph, it is
worth noting that certain states also consider the
weight per axle in establishing the thresholds. The
Illinois threshold of 120,000 lbs. is for trucks having
six axles or more. Unlike GVWs, the current study
could not compare axle-weight thresholds across the
states due to inadequate data on such thresholds. Fur-
ther, for purposes of the state-by-state comparison,



Figure 3.4 Annual/multiple-trip permit fee categorized by fee attribute and truck attribute.
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TABLE 3.3
Annual, multiple-trip, and standard permit fees across neighbor states (vehicle weight and/or distance travelled)

State Fee ($) Remarks

IA OS/OW: $300 OW or OS considered; distance not considered

MO OW well drillers or concrete pump truck permit: $300

Emergency OW permit (round trip): $624

Annual blanket permit distance not considered

OH Continuing Annual Permit

OS/OW: $1,970 (1-way), $2,970 (return)

Annual blanket permit distance not considered

Annual Blanket Permit

Boat: 1-way: $100

Farm equipment: 1-way: $100

Construction equipment: 1-way: $100

Manufactured building: 1-way: $100

Marina: 1-way: $100

MI OW: $50 + $1:0 (renewal fee): $150 Annual extended; distance not considered

MN Agriculture/6-axle up to 90K lbs. GVW: $300

Construction supplies: $200 (OS & OW # 90K lbs. GVW)

Agriculture/7-axle up to 97K lbs. GVW: $500

Farm machinery: $200 (OS & OW up to 90K lbs. GVW)

Distance not considered

IL OS & OW (Width # 129)

6 axles, max gross weight 100K lbs. 5 $55 for 181–225 mi.

$115 for 451–495 mi.

6 axles, max gross weight 120,000 lbs. 5

$130 for 181–225 mi., $280 for 451–495 mi.

5 axles, max gross weight 100,000 lbs. 5

$130 for 181–225 mi., $280 for 451–495 mi.

Single-trip permit that lasts for 5 days:

Add $15 for width . 129

Add $40 district fee + $1 online transmission fee.

Other combinations of weight and distance are

also available at https://idot.illinois.gov/doing-

business/permits/oversize-and-overweight-

permits.html

WI OW and/or OS & OW

12 month: $1,050 up to 170 kips GVW

Distance not considered

KY Steel. 35-mi. limit: $250

Steel-statewide: $500

Industrial haul: $20

there exist other considerations besides weight thresh-
olds, that govern the upper bound limits on superload
truck weights (or lack thereof). For example, the fee
levels and the perspectives of the freight transporta-
tion industry in that state. For example, Wisconsin’s
high upper threshold is likely viewed favorably by the
freight transportation industry, yet its high OW
permit fees are likely viewed unfavorably by the
industry. Therefore, it is only when all other contexts
are considered that a thorough evaluation (of the

competitiveness of OW permitting policies) be made
confidently.

3.2.3 Observations II: Fee-Structure Criteria

This section addresses observations made from the
literature regarding the OW fee levels and the criteria
that states have used to establish these levels. This is
done for each of eight Midwest states. In Figures 3.3
and 3.4, we present the annual and single-trip permit



TABLE 3.4
Upper thresholds for extra-legal weights (superload permits)

State GVW Remarks

MO 160 kips For Single-Trip Permit Only

Fees for vehicles . 160 kips = $15 + $20 each; 10 kips more than legal GVW plus bridge and

roadway analysis fee of $425 for each permit for moves from 0250 mi.; $625 for 512200 mi.

$925 for . 200 mi.

OH 120 kips Additional fees for vehicles over 120 kips based on formula: base rate + 0.04*[(GVW-120,000)/2,000)]

IN 120 kips Single-Trip Permit Only

Vehicles over 120K lbs. are allowed but are charged a $10 executive fee.

Vehicles over 200K lbs. are allowed on specific routes but are charged a $10 executive

fee + $25 design and review fee + bridges fees at the rate of $10 per bridge.

MI 150 kips Only for extended permits for construction equipment.

IA 156 kips Single-trip and annual permits.

MN 145 kips For multiple-trip permit only.

KY Not specified –

IL 120 kips For routine permits. Only for vehicles with 6 or more axles. Lower thresholds for

vehicles with 5 or fewer axles.

Upper bound threshold for superload permit: 187 kips.

WI 170 kips For multiple-trip and annual permits only.

For single-trip permits, vehicles over 150,000 lbs. are charged $85 + $10 executive fee

for each 10,000 lbs. in excess.
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TABLE 3.5
OW fees at states with annual blanket OW permits

State Fee ($) Remarks

MO Thirty (30)-day blanket permit: $300

Emergency OW permit (round trip): $624

OS permit (multiple commodity): $400

OS permit (single commodity): $128

OW well drillers or concrete pump truck permit: $300

Permit seekers do not need to provide

accompanying official route map.

OH Boat: 1-way = $100; 2-way = N/A

Construction equipment: 1-way 5 $100; 2-way 5 N/A

Farm equipment: 1-way 5 $100; 2-way 5 N/A

Marina: 1-way 5 $100; 2-way 5 N/A

Manufactured building: 1-way 5 $100; 2-way 5 N/A

Permit seekers do need to provide

accompanying official route map.

fees. The latter is presented for each fee attribute. The
fee-related criteria are mileage, flat+mileage, and flat,
and the truck-related criteria are OW only, OS only,
and OS+OW. Tables 3.1 through 3.6 present further
details.

Table 3.1 presents details of the single-trip OSOW
permit fees, for Midwest states that charge OW fees
based on truck configuration or dimension (OS permit
fees) or weight (OW permit fees) or both. It can be
observed that most states in the Midwest provide
single-trip permits. In this regard, states that were
found to have simple fee structures (that is, flat fees
regardless of distance traveled or weight: Iowa: $10/
trip; Missouri: $15/trip for OS-only trucks and $50/trip

for OW trucks; Kentucky: $60/trip. In Wisconsin, $/trip
fees have an added layer of complexity as they are
structured to address equity: $/trip fee (with or without
a flat base per-trip fee) is applied to OW trucks
depending on (1) the degree to which their (excess)
weight exceed the threshold, and/or (2) their permitted
travel distance.

Table 3.2, like Figure 3.3, details the annual permit
fees at Midwest states where OW permit fees are based
on vehicle weight (OW) and/or vehicle size. Also, Table
3.3, like Figure 3.4, details the annual fees at Midwest
states where fees are charged based on vehicle weight
and/or travel distance. It is shown in these tables that
most of the Midwest states have also set up annual



permits for their OW and OS vehicles. According to
Bilal et al. (2010), this represents a change in the state of
permitting practice observed by Whitford and Moffett
in 1994 when very few states had annual permits. As of
the time of reporting (2023), there is no evidence that
this situation has changed. Table 3.4 lists the states’
upper thresholds for extra-legal weights (in some states,
this is referred to as ‘‘superload’’). Some of the states do
not allow freight transportation operations that exceed
this upper threshold in an implicit or explicit manner;
others allow permitted truck weight operations above
this threshold under specific conditions. For example,
there exist situations (specific routes) where Indiana
allows as much as 200,000 lbs., but only at very specific
road corridors.

3.2.4 Observations Part 3: Weight-Distance Fee
Concept–The State of Practice

Observations from the literature review threw some
light on the state of practice regarding the concept of
weight-distance fees. It seems that of the Midwest states
studied, only the State of Illinois, and to some extent,
Ohio and Indiana, have adopted explicitly the concept
of a weight-distance for their OW fees. Over the
decades, Oregon, a non-Midwest state, has often blazed
the trail in innovative schemes for user charging

including OW users. It is worth noting that the freight
transportation industry has generally not embraced the
weight-distance concept. It is worth repeating here,
Bilal et al. (2010) observes from other literature that
freight transportation companies that engage in OW
operations tend to oppose weight-distance fees to a
lower degree compared to those who regularly engage
in legal weight trucks; this had been observed earlier by
Whitford and Moffett in 1994. It is not uncertain that
these stakeholders still hold these views as of the time of
reporting (2024).

As the previous paragraph suggests, the concept of
weight-distance OW fees has been practiced (at least,
implicitly) by some states. Table 3.1 indicates that in
Ohio, Indiana, and Illinois, the fees charged for OW
vehicles vary by weight group and distance traveled,
and their OW fee structure bears some similarity to
Oregon’s weight-distance system.

3.2.5 Observations Part 4: Revenue Neutrality of Annual
Permit Fee Structures

At the turn of the 1980s, several states evolved from
single-trip permitting to annual permitting, leading to
significant revenue loss (Whitford & Moffett, 1995).
The Whitford and Moffett survey of stakeholders in
1994 indicated that highway agencies in states with
annual permits expressed concerns about the adequacy
of revenue to address the added pavement and bridge
damage occasioned by OW trucks; after that study,
similar views were expressed in subsequent research
reports on OW operations in Indiana (in 2010), Texas
(in 2012), and South Carolina (in 2014).

3.2.6 Observations Part 5: Specification of Special
Routes for OSOW Vehicles

As Bilal et al. (2010) noted, the highway network of
any state contains pavements and bridges built to
relatively superior standards of design and construc-
tion, structural integrity, and geometry (clearances, lane
widths, curve radii, slopes, etc.) and others built to
comparatively lower standards. For OW and OS
vehicles, plying on lower-class roads could jeopardize
the integrity of not only the physical structures but also
the operational performance (safety and mobility of

TABLE 3.6
Single-trip permits for OS/OW permit carriers by state

State Validity

IN

IL

OH

IA

MI

MO

WI

KY

OS: 1 trip in 15 days

OW: 1 trip in 15 days

OS/OW: 1 trip in 15 days

Mobile home permit: 129 40: 1 trip in 15 days;

149 40: 1 trip in 5 days

1 trip in 5 days

1 trip in 5 days. Extension/revision can be made

thereafter, with extra fee of $10 and $50 for routine

and super loads, respectively.

1 trip in 5 days

1 trip in 5 days

1 trip in 7 days

1 trip in 14 days

10 days
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Figure 3.5 A categorization for permit fees structures (Everett, 2015).



other road users). Therefore, such extra-legal vehicles
will need to follow specific routes so they operate only
at highways that can support their extralegal dimen-
sions or weights. As such, several states have selected
such routes.

3.3 A Summary of OW Permit Fee Structures Across the
Midwest States

In this discussion, permit attributes refer to the
permit types, permit fee levels, loads related to the
permits, types of goods related to the permit, permit
distance, number of trips permitted, permit time
horizon, and so on. OW operations attributes refer to
the characteristics of the overall terrain of OW
permitting, including background legislation and reg-
ulations, types of goods applicable to OW operations,
divisible status of the goods carried, and the infra-
structure characteristics (including infrastructure type,
age, and design; and structural capacity) that are
affected by OW operations.

States in the Midwest region’s east-north central
division offer single- and multi-trip (and annual
permits), as shown in Table 3.7. Yet still, there exist
significant variation across the states in the permitted
dimensions and weights for each permit type.
Obviously, these differences in the levels of permit
attributes are due to variations in the states’ OW
operations attributes.

From the perspective of load divisibility, most of the
states’ fee structures consider two load types: divisible
loads (defined as ‘‘a load that requires less than 8 hours
to disassemble’’) and non-divisible load (defined as
‘‘loads that cannot be broken into smaller parts or
require at least 8 hours for disassembly’’). In addition,
permits may be different for goods that are in various
stages of processing, for example, raw materials,
intermediate goods, or finished goods. Further, there
are states with permit structures that are designed to be
more favorable to specific goods particularly, those
considered critical to that state’s economy. For
example, to promote their state’s agricultural and
industrial competitiveness and ultimately, to enhance
their state’s economy, Ohio has OW permits specifically
for aluminum/steel coils; Wisconsin has OW permits
specifically for its agricultural loads; and Indiana has
OW permits for different commodity types (INDOR,
2022; ODOT, 2019; WisDOT, 2021a). Also, it is worth
noting that a few states permit the transport of
superloads at specific road sections on their highway
networks (the definition of superload differs across the
states and is often based on weight or size (or both) of
the load). For example, in Ohio and Indiana, superload
permit upper thresholds are: 120,000 lbs. GVW (both
states); and 14 ft. 6 in. height and 14 ft. width (Ohio)
and 15 ft. height and 16 ft. width (Indiana).

The desirability of a permit type depends on the
perspective of different stakeholders. From the agency’s
perspective, a permit fee structure must be efficient. In
other words, it should be related to the infrastructure

consumption and therefore make it possible for the
agency to use it as a lever to recover the cost of
repairing infrastructure damage caused by OW opera-
tions, as much as possible. However, from the users
(permit applicants) perspective, the fee structures must
be clear and easy to comprehend with little complexity.
From these two perspectives, it is important to observe
the four primary types of fee structures across the
states: fixed fee, and fees based on mileage, weight,
and both mileage and weight. In this respect, it can
also be observed that across the states, the fee-
structure type varies from simple to detailed, from the
perspective of the ease of administration and the fee’s
relationship to actual consumption (of the infrastruc-
ture by OW operations) (see Figure 3.5). On one
extreme, Illinois and Indiana’s weight-distance based
OW permit fees are most reflective of actual
consumption but are relatively difficult to administer.
On the other extreme, the state of Michigan, with its
mostly fixed fees, administers a simple permit fee
structure and yet reflects the infrastructure consump-
tion by OW trucks. Midway through this spectrum,
Wisconsin and Ohio’s weight-based fees have moder-
ate complexity of administration and moderate
reflection of OW consumption of infrastructure.

As states strive to accommodate freight-related
businesses in a bid to pursue their economic
development objectives, they allow exceptions to
size/weight limits to allow the transport of OW and
OS loads by special permits. This lends complexity
to their extant permitting structures. Therefore, it
could be argued that the complexity of a state’s
permitting structure is reflected by the number of
permit types administered in that state. For exam-
ple, in Michigan, the state imposes no additional
add-on fees as there exists only two categories for all
OW permit fees. On the other hand, Illinois has
approximately 17 categories associated with their
OS/OW truck operations and administer fees based
on several criteria.

3.4 Chapter Summary

In this chapter, the report presented charts and
tables that summarize information collected from the
literature on Midwest states OW permitting policies.
OW permitting was found to be largely based on an
administrative fee plus charges per vehicle-mile,
vehicle, or ton-mile. The narrative also includes some
OW permitting observations at the states, the criteria
for fee structures and fee levels, thresholds for legal
OW permit classifications, revenue neutrality (or lack
thereof) of annual permit fees, applications of the
concept of weight-distance fees for OW operations,
and the establishment of special routes for OW trucks
that far exceeded the federal maximum. A previous
JTRP report served as a template on which much of
this narrative was developed. In subsequent chapters
of this report, some of the issues related to OW
permitting are discussed.
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CHAPTER 4. IMPACTS OF OVERWEIGHT
VEHICLE OPERATIONS

4.1 Prelude

In the U.S., the volume of road freight has grown
consistently in the past decade, except for a blip during
the COVID-19 pandemic. In 2020, freight volumes
initially increased by approximately 30% because of
peri-pandemic panic purchases, then dropped signifi-
cantly thereafter, and ticked back up again
(Bhattacharjee et al., 2020). The increasing loads on
the highways generally translate into increased dete-
rioration of the aging infrastructure and lower levels of
operational performance. It also translates into increased
fee payments for highway usage even though the
increased revenue from such fees is not commensurate
with the physical and operational damage associated
with the traffic growth. In this chapter, the impacts of
OW trucks are discussed, supported by findings from
published literature. The impact assessments include
trends in permit demand and revenues, damage to
infrastructure (pavements and bridges), and degradation
of operational performance (mobility and safety).

4.2 Overweight Truck Impacts on Pavement Damage

The operations of OW trucks lead to deterioration to
road pavements and bridges leading to lowered long-
evity of the infrastructure (Straus & Semmens, 2006).
According to a 2012 Texas study, the damage caused
by OW truck operations is 20% greater than (and
pavement service life is shorter by 50%) compared to
the damage caused by normal-weight truck operations
(Banerjee et al., 2012). Also, Salen (2008) carried out
research which showed that depending on the pavement
asphalt concrete elastic modulus, an axle load that
exceeds the legal limit (20,000 lbs.) by 6,000 lbs. causes
a reduction in the pavement life by 40%–65%. The
acceleration in infrastructure deterioration associated
with OW truck load translates into increased frequency
and intensity of pavement and bridge rehabilitation and
maintenance. The added expenditure related to such
damage exacerbates the existing maintenance backlogs at
most highway agencies. For this reason, it is important to
quantify the infrastructure damage associated with OW
vehicles. That way, the agencies can update policies for
regulating OW truck operations including establishing

appropriate OW permit fees that not only recover all or
part of the OW-related damage but also disincentivize
excess loading of trucks. Over the past few decades,
studies that have addressed the impact of heavy or OW
trucks on bridges include the work of Yoder et al. (1979),
Reisert and Bowman (2006), Nowak et al. (1993), Lou
et al. (2017), Lin et al. (2012), Fu et al. (2003), Ghosn
et al. (2015), Dicleli and Bruneau (1995), and Bae and
Oliva (2012). Those that addressed pavements include
Yoder et al. (1979) and Gibby et al. (1990).

4.2.1 Pavement Damage Cost Due to Heavy or OW
Trucks

Several research studies have quantified the
specific amount of pavement damage and the
associated repair costs due to heavy trucks. Some
of these studies went further to compare the costs of
pavement damage with the truck license or permit
fees that are intended to recover the repair expendi-
tures. An overwhelming majority of these studies
stated that the permit or vehicle registration fees
currently imposed on heavy trucks recover only a
very little percentage of agencies’ actual expendi-
tures associated with pavement repair due to heavy
loads.

Unfortunately, the existing fee structures (vehicle
registration fees or OW permits) at most agencies lack
opportunity for agencies to charge fees based on the
weight and/or distance traveled by heavy trucks. Most
researchers, it seems, agree that the weight-distance
fee is the most appropriate way to recover the costs of
pavement damage associated with such vehicles.
Table 4.1 and Figure 4.1 present the results of
selected research studies regarding pavement damage
repair costs associated with high class roads, using the
most common heavy vehicle on the United States
road system: 80 kips, 5-axle, semi-trailers).

Previous studies on heavy truck damage and repair
costs have estimated the average or marginal cost of
pavement damage (APDC and MPDC, respectively).
The former refers to the ratio of the sum of reconstruc-
tion rehabilitation, and maintenance (MR&R) costs and
the total usage of the pavement measured using, for
example, equivalent single axle loads (ESALs). The
latter is the increase in MR&R expenditure associated
with one additional truck on a given highway segment,

TABLE 4.1
A synopsis of pavement damage cost for high-class road pavements

Cost of Pavement Damage (cents/mi.) Cost of Pavement Damage in 2010 Cost of Pavement Damage in 2010

Study (at the year of the original study) Dollars (cents/mi.) Dollars (cents/ESAL-mi.)

Small et al. (1989) 2 4.1 0.82

FHWA (2000) 12.7–40.9 19.1–61.4 3.82–12.28

Noel et al. (1992) 1 2.1 0.42

Vitaliano & Held (1990) 3 6.2 1.24

USDOT (2000b) 0.003 0.0045 0.0009

Hajek et al. (1998) 0.3 0.5 0.1

Note: Numbers are shown for a 5-axle, 80,000-lbs. GVW truck (George et al., 1989).
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in other words, the ratio of the additional repair costs
(reconstruction rehabilitation, and maintenance) and the
additional usage of the pavement (Ahmed, Agbelie, et al.,
2013).

Many factors affect pavement deterioration, includ-
ing pavement material types and thicknesses, traffic
loading patterns, climate, subgrade quality, and so on
(Everett et al., 2014). However, the loading patterns,
particularly, vehicle type and weight, are most influen-
tial of load-related pavement deterioration (Chowdhury
et al., 2013). Luskin and Walton (2001) showed that
decrements in the number of axles and increased load
magnitude cause significantly increased damage to the
road pavement. The unit damage cost has two
components: a damage cost due to legal weight; and a
damage cost due to the excess (beyond the legal weight
limit) weight (Chowdhury et al., 2013).

Figure 4.2 presents a synopsis of pavement damage
costs (2022 dollars). Ahmed, Agbelie, et al. (2013) and
Ali et al. (2020) identified two approaches for estimat-
ing the cost of pavement damage: ‘‘engineering’’ and
‘‘empirical.’’ The former identifies (in theory) the
relationship between the overall pavement cost over

lifecycle (on one hand) and pavement usage (on the
other hand). This is done for a unit segment of road
pavement which subsequently, can be generalized for
the overall road network. Several highway agencies have
striven to develop damage traffic load-imposed pavement
damage costs. In Arizona, for example, it was determined
that OW truck operations on the state highways are
associated with uncompensated damage costing $12
million–$53 million annually (Straus & Semmens,
2006). The empirical approach, on the other hand,
identifies the statistical correlation between pavement
cost (of reconstruction, rehabilitation, and maintenance)
on one hand, and pavement usage on the other hand, to
generate the unit cost of pavement damage.

In Indiana, a 2012 study developed estimates of the
marginal costs of load-related pavement damage cost
associated with OW trucks at: non-interstate highways
that are not on non-National Highway System (non-
NHS); non-interstate highways that are on the National
Highway System (NIS-NHS); and interstate highways
(IS): $0.218, $0.055, $0.006 per ESAL-mile, respec-
tively. These costs were developed based on pavement
expenditures on reconstruction, rehabilitation, and

Figure 4.1 Pavement damage costs reported by previous studies (cents/ESAL/mile).
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Figure 4.2 A synopsis of pavement damage costs (2022 dollars).



TABLE 4.2
Synthesis of study findings on the cost of pavement damage due to OW loading

Study State

Analysis

Approach

Traffic Usage

Variable

Costs

Considered Pavement Damage Cost Estimates

Ahmed, Agbelie,

et al. (2013)

IN Empirical ESAL Life cycle cost including the

costs of maintenance,

rehabilitation, and

reconstruction

Rigid Pavement

$0.2967/ESAL-mi for non-NHS $0.0756/

ESAL-mi for NIS-NHS

$0.0083/ESAL-mi for IS

Flexible Pavement

$0.2349/ESAL-mi for non-NHS $0.0599/

ESAL-mi for NIS-NHS

$0.0066/ESAL-mi for IS

Nassif et al.

(2015)

NJ Empirical ESAL Life cycle cost including

rehabilitation

(milling and resurfacing),

and maintenance

60 Years Analysis Period

$0.161/ESAL-mi for state roads $0.027/

ESAL-mi for IS; 30 years analysis period;

$0.250/ESAL-mi for state roads

$0.038/ESAL-mi for IS

Chowdhury

et al. (2013)

SC Theoretical GVW excess

80 kips ESAL

Costs of pavement

replacement

Additional Damage for an OW Truck

$0.7565/ESAL-mi for 8-axle, 120–130 kips

$0.6773/ESAL-mi for 7-axle, 110–120 kips

$0.4160/ESAL-mi for 6-axle, 90–100 kips

$0.3801/ESAL-mi for 5-axle, 80–90 kips

Ali et al. (2020) FL Theoretical ESAL Life cycle cost including

maintenance,

milling, and resurfacing

$0.147/ESAL-mi for MR

$0.049/ESAL-mi for PA

$0.018/ESAL-mi for IS

Al-Qadi et al.

(2017)

IL Theoretical ESAL Life cycle cost including

initial construction,

maintenance, and

rehabilitation costs

HMA/PCC Pavement

$0.5483/ESAL-mi for NIS

$0.0270/ESAL-mi for IS

Full-depth HMA

$1.328/ESAL-mi for NIS

$0.0493/ESAL-mi for IS
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maintenance over the pavement life cycle (Ahmed,
Agbelie, et al., 2013).

In a similar effort in 2013, Chowdhury et al. (2013)
developed the costs of pavement deterioration repair
(2012 dollars) associated with OW truck operations in
the State of South Carolina and determined that the
added damage occasioned by a 5-axle 80–90 kip OW
truck that has ESALs between the limits of maximum
legal weight and maximum OW, is $0.3801/mile.

In the State of New Jersey, Nassif et al. (2015)
estimated the unit pavement damage costs associated
with OW trucks at state roads and interstate roads
based on 60- and 30-year life cycle costs of road damage
repairs. The researchers determined that the unit
pavement damage costs for the state roads and
interstate roads for a 60-year analysis period, $0.161
and $0.027 per ESAL-mile, respectively. For a 30-year
analysis period, the damage costs were $0.250 and
$0.038 per ESAL-mile, respectively.

In Illinois, Al-Qadi et al. (2017) carried out lifecycle-
based costing to develop average costs of pavement
damage for different highway classes (interstates and
non-interstates) and pavement types (full-depth hot-
mix asphalt (HMA); HMA/portland cement concrete
(HMA/PCC) overlays). For NIS-NHS, the average
cost of pavement damage, for HMA/PCC and HMA

pavements were determined as follows: $0.5483/ESAL-
mile and $1.328/ESAL-mile, respectively. For interstate
highways, the researchers determined that the average
costs of pavement damage, for HMA/PCC and HMA
pavements are: $0.027/ESAL-mile and $0.0493/ESAL-
mile, respectively. In Florida, Ali et al. (2020) estimated
the costs of pavement damage for different classes of
highways (minor arterials, principal arterials, and
interstates), in $/ESAL-mile, as follows: $0.147, $0.049,
and $0.018, respectively.

In Table 4.2, a synopsis of the outcomes (pavement
damage costs) of the studies discussed above.
Considering that these costs were developed at different
years; to facilitate comparison, they were updated to
2022 dollars by Chung Li (2022) using the Civil
Construction Cost Index (USACE, 2022).

From Figure 4.2, a consistent observation that can
be made across the various studies is that the pavement
damage costs are lower for higher road classes and
higher for lower road classes. First, the pavement
damage costs are higher when the usage levels are
higher (for example, higher volumes of truck traffic at
interstates compared to non-interstates). Second, the
damage costs are calculated through a distribution of
the lifecycle expenditures on reconstruction, rehabilita-
tion, and maintenance) among the traffic demand such



as the total ESALs. It is noteworthy that the lower
classes highways tend to receive more frequent repairs
and therefore, higher costs over life cycle even though
their initial costs are lower. Across the different studies
(jurisdictions), there are differences in the analysis
parameters including analysis periods (which often
represents the pavement life-cycle length), interest rate,
and which categories of life cycle costs were considered
in the analysis.

4.3 Overweight Truck Impacts on Bridge Damage

Unlike the case for pavements (where ESALs
represent an easy and convenient common denomi-
nator), bridge damage costs are relatively difficult to
calculate. This is due to the consideration of structural
moments (which, like ESALs cause damage) that trucks
impose at various points of a bridge span; different axle
configurations are associated with different moments,
even where the load is the same. Also, for the same load
and axle configuration, the magnitude of the moments
is influenced by the bridge design type including the
span lengths. A bridge-crossing OW truck imposes
stresses that could cause fatigue or damage to a bridge’s
structural elements.

Over a bridge life cycle, more frequent loading cycles
and larger stresses caused by OW vehicles contribute to
accelerated damage due to fatigue (Ali et al., 2020; Dey
et al., 2015), leading to more frequent and/or intense
bridge maintenance, rehabilitation, and replacement
(Everett et al., 2014). As such, bridge damage caused by
OW vehicles are a key issue to highway agencies (Babu,
2019).

The longevity of a bridge structure is influenced by
factors including age, traffic loading, constituent materi-
als, and so on. In the estimation of bridge damage costs
attributable to OW, axle weight, gross weight, and axle
configuration are key considerations. OW truck impacts
on a bridge depends on the weight of each axle group
and the inter-axle distance. The deleterious impact is
higher for higher axle group weights and smaller
distance between axle groups (USDOT, 2000a; 2000b).

Compared to pavements, very few studies have been
conducted to quantify OW damage to bridges. For
non-interstate highways in Minnesota, SRF Consulting
Group and Cambridge Systematics (2006) estimated
that for an 80,000 lbs. tractor-semitrailer, the cost of
bridge fatigue damage is $0.0014/mi. In Wisconsin,
researchers have assessed the impact of OW loads at
bridges (Zhao & Tabatabai, 2009), and indicated a few
opportunities in the OW permitting process. In South
Carolina, it was shown that OW permit revenues do
not cover the infrastructure damage caused by OW
operations (Chowdhury et al., 2013).

In Texas, Prozzi et al. (2012) used the concept of
structural fatigue to estimate the cost of bridge damage
due to OW trucks. The researchers developed an
aggregate cost per mile using moment analysis of the
bridge structure, and analysis of OW permit records.
They determined the bridge damage cost as follows:

$0.90 for 200 kips–254 kips GVW; $0.49 for 160 kips–
200 kips GVW; $0.38 for 120 kips–160 kips GVW; and
$0.23 for 80 kips–120 kips GVW.

In the State of Indiana, Ahmed, Agbelie, et al. (2013)
used equivalent uniform annual cost (EUAC) concepts,
a disaggregate life cycle model, and incremental cost
analysis to estimate the marginal costs of bridge
damage. This was done for each of two alternative
permit fee options. Option 1 (permit fee structure based
on GVW irrespective of the federal legal weight limit)
and Option 2 (permit fee to address the difference in
the damage triggered by the excess weight beyond the
legal vehicle weight limit of 80,000 lbs.). The second
option was developed to accommodate the assumption
that vehicles weighing up to 80,000 lbs. would not be
expected to pay any additional fees. The authors
estimated the damage costs by distributing the EUAC
across the usage levels, and then for each vehicle,
translated into unit costs ($ for every foot-pass) of any
specified truck class (see Appendix C).

In South Carolina, researchers determined the costs
of bridge damage using a fatigue analysis approach.
They used four bridge types and determined the unit
bridge damage costs per mile, for each of several truck
classes categorized by axle groups (Dey et al., 2014).
In New Jersey, Nassif et al. (2015) applied bridge
damage functions to assess OW truck impacts on the
bridge longevity, estimating that the damage cost
associated with transporting 1 ton of OW load for
1 mile, is $0.132 (expressed in 2011 dollars).

In Illinois, Gungor et al. (2019) accounted for truck
loads and bridge structural capacity and quantified the
bridge impacts of OW trucks. Using condition predic-
tion models, they had developed, the authors estimated
the bridge service life reduction associated with traffic
load and determined average bridge damage costs
($/mile) as: $0.0182/mi. *�kip (�kip 5 the difference
between the bridge average inventory rating and OW
truck GVW.

In Florida, researchers estimated the monetary
bridge consumption of OW trucks using a representa-
tive bridge in the state (Ali et al., 2020). The monetary
consumption incurred by an OW truck was estimated
using the permit fee structure, and it was determined
that the current permit fees generally do not cover the
damage caused by OW vehicles to the infrastructure.
The authors of the study made proposals for new
permit fees to adequately reflect the actual infrastruc-
ture consumption

4.4 Safety Degradation Due to OW Truck Operations

With increased levels of road freight transport,
highway agencies seek to relax their truck weight and
size limits in a bid to help reduce the number of vehicles
on the roads without impairing economic development
and efficiency associated with the state’s freight
transportation industries. However, truck weight and
size limits continue to represent an issue of great
contention, and accidents associated with OSOW truck
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operations are still of safety concern to transportation
agencies and safety advocates (Dong et al., 2017).
Approximately a decade ago, AASHTO (2009) had
argued that the information contained most existing
truck crash datasets is not sufficient to develop con-
fident conclusions on the directional effect of increased
truck loads, and therefore, more inquiry is needed.
Since then, datasets have been improved and a few
studies have thrown light on the issue. However, their
individual divergent findings, when taken collectively,
suggest a dichotomous nature of the safety impacts of
OW operations.

On one hand, it has been argued that OW
operations improve road safety when viewed from a
systemic perspective because they lead to reduced
number of trucks on the roadways. This is because a
smaller number of trips is needed to transport the
same volume of truck loads, leading to lower truck
traffic volumes, reduced exposure, ultimately reduced
crashes (Everett et al., 2014; Roshandeh et al., 2016a, b;
TRB, 1990).

On the other hand, OW trucks have been associated
with reduced safety (in terms of either crash frequency
or severity or both), particularly when viewed from the
perspective of an individual truck. Crash frequency
increases with GVW (TRB, 1990; USDOT, 2015). The
safety impacts of large or heavy trucks have been a
subject of interest in the literature even though the
trucks in those studies were not necessarily those that
exceed the legal size and weight limits. Examples
include Pigman and Agent’s (1999) empirical truck
crash study in Kentucky, Gao, Liu, Kong, and Guo’s
(2004) study that identified truck overloading as a
primary culprit of crashes involving heavy and large
vehicles (they found that 70%–90% of such crashes
were attributable to oversize and overweight trucks),
and Prozzi et al. (2012) found that the primary
contributing factor of truck-involved crashes was the
exceedance of their dimensions and weights above legal
limits. Also, the empirical analysis of truck crashes
from Dong et al. (2017) asserted that the presence of
large trucks in the traffic stream is a major factor of
increased crash frequency and severity. There are
several reasons for the findings that OW or heavy
trucks lead to poor safety. First, an OW truck has lower
stability and maneuverability (Luskin & Walton, 2001;
Neff & Bai, 2012). The likelihood of truck jackknifing
is higher for heavier trucks due to steering difficulty of
an OW truck. Second, when a truck is overweight, its
ability to maneuver downhill and uphill, or to overtake,
is reduced (Luskin & Walton, 2001). Third, overloading
could lead to higher tire internal temperature, increas-
ing tire blow-out risk. Fourth, the likelihood that a
truck will be involved in a crash with severe con-
sequences is increased for OW truck compared to a
truck loaded to the legal load limit (Jacob & Feypell-de
La Beaumelle, 2010; Pigman & Agent, 1999). This
could be because heavier trucks have higher kinetic
energy and thus, greater momentum and impact
damage when a collision occurs.

A few researchers have recognized the dichotomous
nature of these safety impacts of OW truck operations
but argued that both directions of the impacts are valid
and not mutually exclusive (Everett et al., 2014;
Roshandeh et al., 2016a, b). They stated that there is
a net effect, and the direction of the net effect (net
increase or a net increase) depends on the relative
magnitude of impacts of the two opposing phenomena.

4.5 Mobility Impairment Due to OW Truck Operations

The literature on OW truck operations generally
suggest that such operations have significant impacts
on overall road traffic conditions including travel time
and delay. Yet still, like the safety impacts, there
appears to be a dichotomous nature of the mobility
impacts of OW operations, as Everett et al. (2014) and
Roshandeh et al. (2016a, b) argued. On one hand,
OW operations improve road corridor mobility when
viewed from a systemic perspective, because they lead
to reduced number of trucks on the roadway. This is
because fewer trips are needed to transport the same
amount of goods, leading to lower volumes of truck
traffic, reduced presence of trucks, lower passenger car
equivalents (PCEs), and ultimately, higher mobility
overall (Everett et al., 2014; Roshandeh et al., 2016a, b).

On the other hand, OW trucks have been associated
with reduced mobility when viewed from the perspec-
tive of an individual truck. For example, each
individual OW truck has a higher PCE compared to a
normal weight truck. Also, there exist studies that
determined that, compared to ‘‘standard’’ trucks (that
is, those loaded to the legal maximum of 80,000 lbs.),
OW trucks possess inferior maneuverability and lower
capability to decelerate/accelerate which results in their
lower running speeds, ultimately reducing traffic
throughput in a corridor (Wang et al., 2018). In a
Nanjing (China) study, (Zhou et al., 2012) estimated
that OW trucks generally travel at speeds lower (by
16%) compared to similarly configured non-OW trucks
in similar traffic conditions and road environments.
OW impacts on traffic stability and throughput is
probably best measured using the PCE. In a 2009 study
report, Ohio DOT (Campbell et al., 2009) estimated
that the PCE values of heavy vehicles are in the range of
1.5 to 15 (much higher compared to normal trucks).
Ahmed, Drakopoulos, and Ng (2013) determined that
heavy truck PCE could be as much as 1.76 under
certain conditions. The higher PCE of heavy and OW
trucks could be attributed to its heavier load and lower
operational performance (running and braking): an
OW truck in a traffic stream needs more time headway
and space headway and has longer reaction time and
stopping distance compared to a normally loaded truck
(Aghabayk et al., 2012). In addition, other drivers could
be intimated or influenced in other ways by the
presence of an OW truck, thereby impairing the traffic
stream stability (Aghabayk et al., 2012). Some research-
ers have determined that passenger car drivers tend to
maintain larger space and time headways when follow-
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Figure 4.3 Concatenating effects of increased truck weight limits (Everett et al., 2014).
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ing a heavy truck compared to other vehicles (Krammes
& Crowley, 1986; McDonald et al., 1997; Wang et al.,
2018; Yoo & Green, 1999).

Gao et al. (2004) found that at freeways, higher truck
weights lead to significantly higher variability in overall
operating speeds across the different vehicle classes, and
that the presence of heavy trucks leads to reduced traffic
mobility and lower highway capacity and throughput.
Zhou et al. (2012) evaluated OW truck impacts on
traffic conditions at a freeway in Jiangsu, China and
confirmed that overloading leads to significant reduced
speeds and extended periods of traffic congestion.

4.6 Economic Productivity Impacts of OW Truck
Operations

Truck transportation of goods is akin to a mobile
warehouse. Like all warehouses, freight transportation
economic efficiency is governed by the cost associated
with storing (transporting) each product unit. Larger
volumes (and hence, generally, weights) of goods stored
in the mobile warehouse is associated with greater scale
economies, and ultimately, reduced costs of production.
As such, OW truck operations significantly impact the
economics of freight transportation.

In the nineties, Crockford (1993) determined that
freight-related industries earned substantial savings
after they were permitted to haul OW goods.
Subsequently, researchers confirmed that the transport
of heavier loads makes it possible to move the same
overall volume of goods in fewer trips; this lowers the
costs of labor, vehicle operations (fuel, wear and tear,
engine and transmission fluids, and so on), and
overhead (Adams et al., 2013; Luskin et al., 2000).
These cost reductions, overall, lead to increased savings
throughout the production process. For example,
carriers may pass the cost savings on to their shippers
via reduced haulage rates, and shippers, in turn, may
pass the cost savings on to their end customers through
reduced prices for raw materials, intermediate products,
or finished products (Adams et al., 2013; Dey et al.,
2015).

Figure 4.3, which illustrates the concatenating
economic development impacts of OW limit increases,
underscores the importance of freight transportation
economic productivity to economic development
(Crockford, 1993; Hewitt et al., 1999) and why it
deserves due consideration in prospective legislation on
OW permitting.

The freight transportation industry assesses their
fleet productivity in terms of the number of ton-miles
associated with each truck. Productivity is said to be
higher when the commodity shipment ton-miles (the
output) increase without an increase in the shipping
cost (the input) or when the same or the same amount
of goods is transported with reduced shipping costs.
According to Everett et al. (2014), OW truck operations
lead to increased freight transportation productivity
for even small increases in the maximum weight limit.
The authors gave an example of a 29,000 lbs. unloaded
5-axle combination truck with allowable payload of
51,000 lbs. (81 kips–29 kips 5 51 kips). A 5% increase
in the weight limit due to, for example, new legislation,
would translate into an additional allowable weight of
4,000 lbs., representing a 7.8% payload increase.

Unfortunately, literature on OW impacts have
tended to avoid analysis on the economic development
effects. Most have focused on pavement and bridge
damage, permitting revenue, and in a few cases, safety
impacts. In the paragraphs that follow below, we
present and discuss excerpts from this small group of
studies. A Texas study (Prozzi et al., 2012) assessed
infrastructure damage due to prospective changes in
OW legislation and duly acknowledged the importance
of studies on economic productivity impacts of OW
operations. Crockford (1993) opined that in any quest
to maximize truck shipping productivity, it is important
to balance policies related to infrastructure protection
and those related to vehicle weight. A study in Florida
found that higher restrictions in OW permitting lead to
higher shipping costs which translate into higher costs
of production and retail. The study cautioned that this
adverse impact could outweigh the savings associated
with infrastructure protection earned from OW permit-
ting (Florida Transportation Commission, 1993). Two
decades later, a study in Wisconsin interviewed several
state highway agencies and representatives of the
freight transportation industry and found that increases
in OW permit fee levels significantly influence haulage
decisions of carriers. Most carriers in the survey stated
that permit fees are closely related to their costs of
operations (Adams et al., 2013).

A Montana study in 1999 assessed the impacts of
truck OW policy changes on economic development
using input-output simulation (Hewitt et al., 1999). The
researchers used the following GVW thresholds (lbs.)—
80,000, 88,000, 105,000, and 128,000. The analysis used
gross state product (GSP) as the metric of economic



impact and freight transportation productivity as the
input and determined that a higher GVW threshold
leads to beneficial impacts on the state’s economy and
that the changes in the GSP are 2–20 times more than
that of infrastructure cost increases, and that such
discrepancy increases over time. The outcome of the
Hewitt et al. (1999) study is at variance with those of
other studies, but certainly provides a valuable per-
spective that deserves further consideration in terms of
the data and the analytical methods used.

A study in Indiana (Everett et al., 2014) assessed the
economic development impacts of a proposed OW
commodity permit (for transporting divisible loads of
metal (120,000 lbs.) and agricultural (97,000 lbs.)) and
at a maximum 2.4 ESALs. The researchers carried out
a qualitative analysis using results from an industry
stakeholders survey and a review of previous research
literature. They indicated that the proposed OW permit
would reduce the carriers’ direct operating costs due to
the increased weight limit (and thus, reduction in trip
volumes). The study estimated that there will be a direct
reduction in the costs of freight transportation due to
lower permit fees; and indirect reduction in vehicle
operating costs due to better pavement condition
(arising, in turn, from reduced loading of the pave-
ments). The researchers stated that the savings from
these cost reductions can be expected to reduce the
overall operational costs of the freight transportation
industry and thereby enhance their net profits (for both
shippers and carriers), subsequently (at least, prospec-
tively) benefiting end customers, and ultimately,
increasing the state’s economic development. Based
on their quantitative analysis, the researchers used the
concept of elasticity (of demand with respect to travel
cost). Overall, the Everett et al. (2014) study results
indicated that the prospective OW commodity permits
would enhance the economic productivity of agricul-
tural and metal commodity transportation.

4.7 OW Truck Permitting Revenues

The increasing volumes of highway freight transpor-
tation has been accompanied by increased maintenance
expenditures even when normalized by the inventory
size, but highway funding has not kept pace with the
funding needs for highway repair (Dehghan-Niri et al.,
2020). This is because revenues have been declining due
to falling revenues from the gas tax, resulting in repair
and replacement backlogs that are growing over time
OW permit fees represent one way (albeit often
inadequate) to generate funding to help maintain
highway pavement and bridge deterioration associated
with OW operations. Thus, highway agencies adminis-
ter OW permit fees for at least two main reasons: (1) to
generate revenue for repairing the infrastructure, and
(2) to discourage excess loading practices (thereby
protecting road safety and mobility for all road users
(INDOR, 2017)).

As stated earlier in this chapter, previous studies
have found that OW permit revenue does not fully

compensate for the marginal damage (and associated
expenditures) due to OW operations, thereby exacer-
bating an extent gap between infrastructure consump-
tion and revenue (Al-Qadi et al., 2017; Crockford, 1993;
Dey et al., 2015; Everett et al., 2014; Luskin et al., 2000;
Nassif et al., 2015). An FHWA (1997) cost allocation
study determined that OW trucks (trucks with GVW
exceeding 80 kips) were paying approximately 60% of
their share of overall road cost responsibility on average.

A study in Wisconsin (Adams et al., 2013) surveyed
highway agencies on the revenues and administrative
costs associated with their OSOW permits. The study
assessed each agency’s expenditures associated with
permitting (including infrastructure (road and bridges)
engineering reviews, permit processing labor, trip route
checks, traffic engineering reviews, and so on) and the
sum was compared with OW permit revenues. The
researchers found that in many situations particularly
where detailed evaluation of each permit (engineering
and administrative review for trip routes) is required,
the permit fee revenues generally do not recover the
costs associated with permit issuance.

In 2009, the ODOT estimated a sum of $144 million
as the bridge pavement and damage costs due to OW
operations, while $72 million in revenue was collected
from various taxes and fees associated with OW opera-
tions permitting (Campbell et al., 2009). In 2014, a
study in Indiana reported a significant gap between
road infrastructure consumption due to OW permitting
($44.15 million) and OW revenues of $12.46 million,
with a gap of $32 million for the second half of the 2013
calendar year (Everett et al., 2014).

State highway agencies including INDOT, in a bid
for further knowledge on the gap between OW permit
revenue and OW-induced costs of road damage (con-
sumption), are increasingly investing efforts in impact
evaluation of OW truck operations on their highway
system and the state economy. That way, they become
better informed to help state legislatures establish
reasonable OW permitting fee structures. With appro-
priate permitting structures in place, the state will be in a
better position to generate reasonable levels of permit
revenues to contribute towards highway asset expendi-
tures (repair/replacement) without impairing the eco-
nomic productivity of the state’s freight transportation
industry.

4.8 Chapter Summary

In this chapter, the impacts of OW trucks, as found
in various literature, were assessed. First, the chapter
assessed the impact on pavements and presented the
pavement damage costs at have been established in the
literature, including estimates of highway-class specific
OW damage costs developed in recent JTRP studies.
The chapter also presented previous literature on the
OW-related costs of bridge damage also developed by
various researchers worldwide including the authors of
JTRP studies. Then the study addressed the safety and
mobility degradation associated with OW truck opera-
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tions. The chapter then presented the economic
development impacts of OW legislation and subsequent
operations, as evidenced from past studies and states’
experiences. Finally, the chapter discussed the revenues
that can be expected from OW permits and the
efficiency (sufficiency) of those revenues in recovering
the damage inflicted to the infrastructure due to OW
operations.

CHAPTER 5. INFRASTRUCTURE CONDITION,
SAFETY AND MOBILITY PERFORMANCE AT
INDOT OW-PERMITTED ROUTES

5.1 Introduction

As stated earlier in this report, OW freight transpor-
tation operations cause much higher traffic-related
stresses on the highway infrastructure compared with
normal-weight operations. Such increased stress on the
infrastructure causes accelerated wear and tear, resulting
in more frequent maintenance and rehabilitation, which
in turn causes higher expenditures. It is the intention of
highway agencies to ensure that such an increase in
expenditure, as much as possible, are recovered through
OW permit fees. As is the case with any engineering
system policy change or physical intervention, it is
prudent to carry out ex poste (or, post-intervention)
analysis of the intervention’s impacts to ascertain
whether the intended goals are being realized. This is
consistent with the spirit and intent of HEA 1190-2021.
Figure 1.1 in the introduction chapter provides a
timeline of the impact evaluation and serves as a basis
for the analysis in this chapter. The analysis period is a
subset of this timeline and includes the time of the
intervention (the starting month of HEA 1190-2021’s
implementation). This chapter assesses the statewide
impacts of HEA 1190-2021 in terms of changes in the
following:

N volume of OW operations (represented by the number of
permits issued),

N OW shipment weight, on average, and

N OW truck loading on the pavement, on average in terms
of ESALs.

In addition, the chapter assesses, for a sample of
INDOT OW-permitted routes, the impacts of HEA
1190-2021 in terms of the observed changes in the
following:

N pavement condition,

N bridge condition,

N road traffic safety, and

N mobility performance.

The objective of this part of the study is to use such
feedback to inform towards any policy changes
associated with HEA 1190-2021. Specifically, Section
3 of HEA 1190–2021 had added Indiana Code 9-20-6-
2.2, empowering INDOT to, among other things,
suspend OW divisible load permitting if the department
observes an unusual increase in (1) infrastructure
consumption at permitted routes; or (2) the number
of accidents associated with OW divisible loads. The
analysis period for the impact evaluation is April 2021
to April 2023 (the intervention (HEA 1190-2021) was
implemented starting January 2022).

Figure 5.1 presents the trend of number of permits
issued monthly prior to and after HEA 1190-2021. As
shown by the vertical green broken line at 2022-01 on
the horizontal axis, HEA 1190-2021 was implemented
on January 1, 2022. From the figure, it can be observed
that HEA 1190-2021 caused (or, at least, coincided
with) a reversal of the trend of permit counts (from a
gently declining trend to a gently increasing one). There
were monthly fluctuations of varying magnitude, but
the overall trend is clear: a slight downward trajectory
in the period leading to HEA 1190-2021 and a slight
upward trajectory in the months following the legisla-
tion. In fact, if the pre-HEA 1190-2021 trends had
continued (assuming linear extrapolation as shown
in the thin continuous line) and if there had been no

Figure 5.1 Number of permits issued monthly prior to and after HEA 1190-2021.
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Figure 5.2 Average vehicle weight by month prior to and after HEA 1190-2021.
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Figure 5.3 Average vehicle ESALs by month prior to and after HEA 1190-2021.

HEA 1190-2021, the number of permits issued in
April 2023 would have been approximately 6,500
(Point A). With HEA 1190-2021, the graph shows
that the actual count of permits in 2023, was
approximately 10,000 (Point B). A plausible explana-
tion for the increase in the permit count after the
implementation of HEA 1190-2021, is that the cost of
OW became too high for shippers and carriers and
sought to load more trucks at little excess weight (thus,
more permits) compared to fewer trucks with extreme
excess weight (thus, fewer permits), from an economic
perspective.

However, it can be observed from Figures 5.2 and 5.3
that the average shipment load and average ESALs were
already decreasing prior to January 2022 when HEA
1190-2021 was implemented. It could be argued that the
continuance of this trend may have been partly
sustained due to the HEA 1190-2021. Another explana-
tion for the reverse trend in the number of permits issued

is that HEA 1190-2021 expanded the list of items
that could be counted in OW divisible load category.
By removing the list of commodities and specific
weight limitations for certain commodities from the
definition of OW divisible loads, the new legislation
expanded the commodities that could be included. As
a result, carriers responded by obtaining more OW
permits to ship the newly included commodities
through OW operations. The next few paragraphs
discuss Figures 5.2 and 5.3.

The average GVW (Figure 5.2) exhibits a down-
ward trajectory over the analysis period. It can be
observed that even before the legislation was imple-
mented, average vehicle weight for OW divisible loads
were declining. This did not change with the law.
Therefore, it could be inferred that the law did not
significantly change the average vehicle weight for
OW divisible loads. A similar conclusion can be
drawn regarding the average damage caused by each



OW truck (as shown in the chart for the mean vehicle
ESALs (Figure 5.3)).

Taken together, these illustrations indicate that
although INDOT has concerns regarding infrastruc-
ture consumption at permitted routes, there is no
evidence to suggest that there was any significant
increase in average OW traffic loading (GVW) or
pavement damage (ESALs) caused by each OW truck
after the HEA 1190-2021 was implemented. To the
contrary, it can be inferred that the downward
trajectory for the average weight and average ESAL
(which continued after HEA 1190-2021 was imple-
mented) is indicative of the impact of the legislation in
terms of its promotion of continued decline in loading
and damage. Continuance of the decline in average
shipment loads and average damage, even with a
higher number of permits, generally bodes well for the
road infrastructure. Therefore, it seems reasonable to
state that infrastructure consumption is decreasing
because of the HEA 1190-2021 legislation. Additional
data items from a longer analysis period after the
implementation of HEA 1190-2021, will be needed to
make such a determination.

5.2 Pavement Damage Due to OW Operations at
Permitted Routes During the Interim Period

In this section, a determination was made of the
current infrastructure consumption at the permitted
routes. The results of this analysis could be used by
INDOT not only to adjust the permitting structures and
policies to incentivize desired loading behavior but also to
recover part of the higher maintenance cost burden
attributed to OW loading. It is possible to determine how
much should be charged to recover part or all the
additional consumption (damage) cost. To do this, the
extent of the damage caused by OW operations compared
with normal-weight operations, should be determined. To
this end, there is need to determine whether the OW
operations during the HEA 1190 period caused undue
pavement deterioration and if yes, to quantify this effect.
As such, this study examined the OW operations at the
permitted routes and analyzed their rates of pavement
deterioration, to ascertain the difference compared to
similar routes not used for OW operations.

To assess such pavement infrastructure damage
caused by OW operations, this study analyzed permit
data spanning 2021–2023. The data included informa-
tion on the characteristics of each truck, route

information, weights, and category of goods being
shipped. The analysis assessed pavement deterioration
as a function of the truck loading, measured as ESALs.
The metric chosen to represent pavement damage
was the Pavement Condition Rating (PCR) (Saraf,
1998). PCR was chosen in part because it is an all-
encompassing measure of pavement distress, account-
ing for a gamut of pavement condition indicators
including rutting, roughness, cracking, and general
pavement condition. A pavement with a PCR of 100 is
pristine, while a pavement with a PCR of zero has failed
(in the practice, pavements are not allowed to
deteriorate to PCR values of zero as agencies have
standards (thresholds) at which pavements must
undergo rehabilitation or reconstruction. Functions
relating PCR and pavement loading developed for
pavements (Equation 5.1) (George et al., 1989):

PCR~90{½EXP(Ageb){1� log½ESAL=(SNCc � T)� ðEq: 5:1Þ

For flexible: a 5 0.8122, b 5 0.3390, c 5 0.8082. For
rigid: a 5 1.7661, b 5 0.2826.

All other symbols, along with their typical values as
established in the original study as presented in Table
5.1. In the present study, average values in the specified
ranges were used for the parameters.

TABLE 5.1
Typical range of parameter values used in PCR determination (George et al., 1989)

Parameter

Range of Each Parameter, Flexible Pavement

No Overlay Overlay Composite Pavement

Thickness of AC Surface, Inches (T) NA 1.0–8.0 2.0–5.0

Modified Structural Number (SNC) 2.5–7.7 1.1–8.2 NA

Age (Years Since Construction or Last Overlay) 1–16 1–10 1–10

Yearly Equivalent Single Axle Load (ESAL) 1,055–104,965 1,191–809,289 4,331–119,696

TABLE 5.2
U.S. routes used in the pavement damage analysis

Route Cumulative ESALS Start/End point

Northern Indiana

US-20

US-6

US-30

US-33

US-35

US-31

US-231

US-421

72,631

22,605

94,739

9,390

13,696

43,275

53,951

16,365

I-69 to US-421

I-69 to US-421

I-69 to US-31

I-69 to US-20

Michigan City to Logansport

South Bend to Logansport

Michigan City to Lafayette

Gary to Lafayette

Southern Indiana

US-421

US-52

US-150

US-50

US-41

US-231

16,365

5,280

3,455

25,643

44,114

53,951

I-465 to Jefferson

I-465 to Franklin

Shoals to I-65

Shoals to I-65

I-70 to I-64

I-70 to I-64

28 Joint Transportation Research Program Technical Report FHWA/IN/JTRP-2024/16



Figure 5.4 Pavement deterioration (PCR) with ESALs.

Figure 5.5 Pavement deterioration with ESALs for US-20/US-6.
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In determining which routes to evaluate for OW
pavement consumption, two important criteria were
used. First, the candidate routes were selected such that
they exhibited a marked difference in the amount of
OW loading experienced yet had as much similarity in
all other areas as possible. This was necessary to
minimize the contribution of all other factors to the
change in pavement conditions. For example, routes
were selected in pairs such that candidate routes shared
as many characteristics as possible including geogra-
phical location, functional class, average traffic loading,
and so on. Where possible, candidate routes for the
comparative analysis were selected such that they ran
parallel to each other. By keeping all other attributes
similar, the observed differences in outcome variable
(pavement condition) across the comparison pairs
could be attributed to the observed difference in OW
loading experienced in each comparison pair. Differ-
ence in temperatures throughout the year often leads to
differences in climatic loading on pavements and

consequently on pavement deterioration (Labi &
Sinha, 2003). Furthermore, as the northern and south-
ern regions of the state experience different extremes in
terms of temperature, with each pair, road sections
selected for comparison such that they lie in either the
north or south parts of the state.

The routes chosen for comparative analysis need
to have a marked difference in their OW loading
levels. Without a marked difference in OW loading, it
would be hard to ascertain any differences in pavement
deterioration due to OW loading. All the interstate
sections in the data sample were observed to experience
similar levels of OW loading. As such, interstate
routes were excluded from comparative analysis,
and instead, U.S. routes were selected for the analysis.
The U.S. routes met the criteria established earlier for
the comparative analysis and exhibit marked differ-
ences in OW loading. Table 5.2 summarizes the
information at the routes used in the comparative
analysis.



Figure 5.6 Pavement deterioration (PCR) with ESALS for US-30/US-33.
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Figure 5.7 Pavement deterioration (PCR) with ESALs for US-41/US-231.

Figures 5.4 through Figure 5.10 present the change
in PCR corresponding to cumulative OW loading in
ESALs for select U.S. highways. The left vertical axis
shows the change in PCR as the pavement is loaded.
The horizontal axis shows the date corresponding to
the shown loading while the right vertical axis shows
the cumulative OW load in ESALs experienced by the
pavement in the analysis period. As shown in the
figures, routes that experience higher cumulative loads
see their PCR decrease faster than their counterparts.
The difference in loading, and consequently the change
in PCR is more pronounced in some routes than others.
For example, Figure 5.4 presents these differences
for US-31 and US-13. The cumulative loading on US-31
is nearly ten times that experienced by US-13. Con-
sequently, the PCR on US-31 is on average 15 points

lower than that on US-13 for the analysis period. On
the other hand, the difference in cumulative loading
experienced by US-231 is only approximately 30%

higher than that of US-41 (Figure 5.5). As a result, the
difference in PCR between US-231 and US-41 is not as
pronounced. Similar variations are observed for other
figures.

Taken together, the routes with higher cumulative
loads experience on average 68,665 more ESALs
than their counterparts and see PCR drops of six
points on average. This translates into an average
deterioration rate of 0.11 PCR points/1,000 ESALs
of OW loading. At a marginal PDC of $0.55/ESAL-
mile (Ahmed, Agbelie, et al., 2013), this translates
into approximately $3,778/mile in pavement damage
cost due to OW operations. This implies that OW



Figure 5.8 Pavement deterioration (PCR) with ESALs for US-50/US-150.

Figure 5.9 Pavement deterioration (PCR) with ESALs for US-231/US-421.

Figure 5.10 Pavement deterioration (PCR) with ESALs for US-52/US-421.
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Figure 5.11 Road corridors with the highest permit frequencies.
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operations account for an additional $3,778/mile in
maintenance and rehabilitation costs at permitted
routes compared with normal weight loading.

5.3 Bridge Damage Due to OW Operations at Permitted
Routes During the Interim Period

Figure 5.11 presents a map showing the permitted
route sections. This study analyzed bridge deterioration
rates using data from the NBI database. Condition
ratings for bridges on permitted routes were analyzed,
and the average ratings were compared for the period
before the implementation date of HEA 1190-2021 and
after to ascertain the impact of the law. Bridges were
categorized by the deck type as well as the superstructure
type. To minimize analysis bias, a distinction was also
made between older and newer bridges. Older bridges
tend to deteriorate faster in response to loading than
newer bridges. In this analysis, bridges older than
20 years were classified as ‘‘older’’ while those built or

had major rehabilitation work in the last 20 years are
considered ‘‘newer.’’

The NBI ratings of bridges on permitted routes were
analyzed and bridges whose condition significantly
increased over the last 2 years were excluded from the
analysis. This is because a significant increase in NBI
rating of a bridge corresponds with major maintenance or
rehabilitation work. Since the research team did not have
maintenance data for these bridges, it was not possible to
ascertain the maintenance type or timing applied to each
bridge in the past. Therefore, to minimize bias, only
bridges whose condition rating declined or stayed steady
over the analysis period were included in the analysis.

Tables 5.3 and 5.4 present the results of the bridge OW
impacts analysis. The results suggest that with the
exception for I-465, the mean NBI bridge showed no
statistically significant change because of the law. This
result is consistent across all the bridges analyzed, and
across the different deck and superstructure type cate-
gories.



5.4 Safety and Mobility Impacts of OW Operations at
Permitted Routes During the Interim Period

5.4.1 Expected Trends

In addition to exacerbating infrastructure deteriora-
tion at permitted routes, OW operations could have
adverse effects on safety and mobility performance at

these routes. Several factors affect highway safety,
as overweight/oversize vehicles might be contributing
significantly to the number and severity of crashes
(Prozzi et al., 2012). Due to the weight, and thus
increased momentum and energy associated with OW
trucks, occupants are generally more vulnerable when
an OW vehicle experiences a crash than they would be
in a similarly sized, normal weight vehicle.

TABLE 5.3
Average bridge damage due to OW operations at permitted routes by deck type

Road Section Bridge Age Deck Material Type

Mean NBI Rating

Before After T-Statistic (P-Value)

I-465 Older

Newer

Concrete Cast-in-Place

Concrete Cast-in-Place

6.558

7.379

6.356

8.091

-2.196 (0.0288)

4.915 (0.000)

I-70 Older

Newer

Concrete Cast-in-Place

Concrete Cast-in-Place

6.576

7.641

6.51

7.654

-1.1935 (0.233)

0.0785 (0.937)

US-50 Older

Newer

Concrete Cast-in-Place

Concrete Precast Panels

Concrete Cast-in-Place

6.696

7

8.333

6.577

7

8.25

-0.829 (0.408)

N/A

-0.182 (0.858)

US-150 Older

Newer

Concrete Cast-in-Place

Concrete Precast Panels

Concrete Cast-in-Place

6.321

7

7.333

6.265

7

7.167

-0.375 (0.708)

N/A

-0.707 (0.493)

US-231 Older

Newer

Concrete Cast-in-Place

Concrete Cast-in-Place

6.472

7.389

6.431

7.167

-0.428 (0.669)

-1.034 (0.311)

TABLE 5.4
Average bridge damage due to OW operations at permitted routes by superstructure type

Road Section Bridge Age Superstructure Material

Mean NBI Rating

T-Statistic(P-Value)Before After

I-465 Older Concrete 5.566 5.3 -1.574 (0.122)

Steel 6.629 6.452 -1.783 (0.0759)

Prestressed Concrete 7.192 6.937 -1.624 (0.1127)

Newer Prestressed Concrete 7.378 8.091 4.915 (0.000)

I-70 Older Concrete 6.224 6.11 -1.2159 (0.225)

Steel 6.646 6.565 -1.210 (0.226)

Prestressed Concrete 7.172 7.208 0.211 (0.833)

Newer Steel 7.666 7.571 -0.356 (0.7233)

Prestressed Concrete 7.611 7.75 0.788 (0.437)

US-50 Older Concrete 6.277 6.166 -0.711 (0.483)

Steel 6.833 6.583 -1.042 (0.302)

Prestressed Concrete 6.833 6.888 0.259 (0.797)

Newer Prestressed Concrete 8.333 8.25 -0.182 (0.858)

US-150 Older Concrete 6.261 6.286 0.1381 (0.891)

Steel 6.143 6.071 -0.254 (0.801)

Prestressed Concrete 6.917 6.75 -0.907 (0.384)

Newer Prestressed Concrete 7.143 7.167 0.108 (0.915)

US-231 Older Concrete 6.268 6.115 -1.115 (0.269)

Steel 6.467 6.6 0.632 (0.534)

Prestressed Concrete 6.727 6.727 –

Newer Prestressed Concrete 7.083 7 -1 (0.338)
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Figure 5.12 Conceptual TRE-TIE relationship and effect on traffic safety and mobility
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On aggregate, however, OW trucks’ impact on safety
and mobility can be a net positive or net negative
depending on the prevailing circumstances. This is
because OW vehicles can cause traffic impairment due
to their limited acceleration, deceleration, and general
maneuverability. As a result, other drivers need to keep
a larger distance between themselves and the OW
vehicle. Consequently, one OW vehicle may have the
traffic operational characteristic of several normal
weight vehicles. This is called the traffic impairment
effect (TIE) and results in a negative impact on safety.
On the other hand, because OW vehicles carry the
weight equivalent of more than one normal weight
vehicle, the aggregate effect is that fewer normal weight
vehicles are required to transport the same amount of
goods. As a result, an OW vehicle can be thought of
as having the traffic volume characteristic of several
normal weight vehicles. For example, if OW vehicles
are loaded to 30% more than normal weight vehicles, it
means 30% fewer vehicles are required to transport the
same amount of goods. This is called the trip reduction
effect (TRE) and results in a positive impact on safety
and mobility. Since TIE and TRE have competing
effects on traffic safety and mobility, the net effect is
the difference between these two effects. A schematic
illustration of these effects is presented in Figure 5.12
(Everett et al., 2014). Appendix G presents calculation
details for a case example involving TIE and TRE, and
the net effect.

The analysis for baseline safety performance impacts
of OW vehicles at permitted routes was conducted and
documented in Everett et al. (2014). The present study
does not seek to recreate the 2014 analysis, but rather
assess the changes in the established safety performance
in response to the permit fees implemented under the
new law. This assessment is necessary because it is
anticipated that the change in permit fees will have an
impact on OW traffic demand, and consequently,
volume. Although this is not evident from the available
data, it can be expected that over a longer analysis
horizon, the price elasticity of demand will be negative.
This is consistent with established results in literature.
The price elasticity of demand for freight transporta-

tion has been shown to range from -0.75 to -2.5
(Abdelwahab, 1998). Therefore, it can be expected that
over a longer period, the change in permit fees will
result in a change in safety and mobility performance
on permitted routes. This change can be estimated for
a given period by considering the price elasticity of
demand function. In Appendix H, we present the
elasticity equations for calculating the change in safety
performance at a given price elasticity for the change in
permit fee implemented in the new law. The results of
this analysis are presented in Figure 5.13. Because the
exact price elasticity of demand for OW freight
transportation operations is determined by several
factors including economic outlook, political climate,
etc., the present study analyses a range of values for the
elasticity. Consequently, we can infer that the safety
performance at permitted routes can be expected to
improve by between 2%–10% for urban arterials, and
between 2%–6% for rural freeways with this change in
permit fee.

A similar methodology is employed to assess changes
in traffic mobility on the permitted routes because of
the changes in permit fees due to the new law. The
results are presented in Figures 5.13 and 5.14. Like
safety performance, one can observe improvements in
mobility for both rural highways and urban arterials.
For rural highways, expected mobility improvements
range from approximately 2%–30%, while urban
arterials improve from 2% to approximately 18%.
The exact net improvements in safety and mobility
depend on the elasticity value. The elasticity value can
be determined as average values from the literature or
may be developed by collecting data and applying
established methodologies.

5.4.2 Observed Safety Trends Using Crash Data

In addition to the expected trends in safety and
mobility performance at permitted routes as pre-
sented in Section 5.3.1 of this report, the research
team also analyzed crash rate data for the permitted
routes to investigate whether the legislation had any
impacts on crashes. For each of the permitted



Figure 5.13 Safety performance at permitted routes for a given change in permit fee.

Figure 5.14 Changes in mobility performance at sections of frequent OW permitting.
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sections, crash rates were obtained for different types
of crashes and the mean crash rates were compared
for the period before the implementation date of the
law, and after.

In an earlier part of this section, Figure 5.11
presented the route sections used in the analysis.
Figure 5.15 presents the results of the analysis.
Throughout the analysis period, the crash charts
suggest a consistent trend: there was no significant
safety reduction due to the law. There was a general
decline in crash numbers in 2020, but this can largely
be attributed to the COVID-19 pandemic and the

consequent reduction in traffic volumes. Following the
waning of the pandemic, the crash counts appear to
increase accordingly, reverting to pre-pandemic levels
by the end of 2022.

Crash counts are used instead of crash rates
because it was assumed that traffic volumes were
stable in the years just before and just after the interim
period (emergency rules). The results of a statistical
t test that compared the mean crashes for the period
before and after the emergency rules at the permitted
routes, suggest that there was no significant increase in
the counts of each of the crash categories (PDO crashes,



injury crashes, fatal crashes, and total crashes) after the
new legislation, at ninety-five percent (95%) confidence
level. Therefore, it can be concluded that, based on the
available data, there is no evidence of any significant
effect of the legislation on safety performance at the
permitted routes.

5.5 Chapter Summary

This chapter presented an analysis of the infra-
structure condition, safety, and mobility at the most
sought OW permit routes, in the interim period. The
law was implemented on January 1st, 2022, and the
analysis is conducted using permit data from April
2021 through March 2023. The analysis examined
trends in OW permitting during this period. The
results showed that the total number of permits issued
was trending downwards before the implementation
of the new law. However, following the law’s
implementation date, the number of permits issued
started to trend upwards. Such reversal of the trend
could be attributed to the new law’s provision of an

expanded list of commodities that could be categor-
ized as divisible OW loads. On the other hand, the
trend of the average OW truck weight and average
ESALs appear to continue to decline. This bodes well
for infrastructure protection because reducing the
number of ESALs generated per truck implies a
reduction in pavement damage inflicted.

An analysis of the pavement consumption of OW
operations is also presented in this chapter. This
analysis is done for U.S. routes as these routes
displayed a marked difference in the amount of OW
loading their experience but were nearly identical in
most other aspects. This allowed for the observed
differences in pavement condition to be attributed
mostly to OW loading. The bridge analysis results
suggest that there was generally no significant
reduction in bridge deck or superstructure condition
due to the OW truck operations within the analysis
period. The analysis of safety and mobility yield
results that suggest that there was generally no
reduction in safety or exacerbation of mobility in the
period after the new law.

Figure 5.15 Continued.
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Figure 5.15 Continued.
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Figure 5.15 Continued.
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Figure 5.15 Continued.
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Figure 5.15 Observed crash rates at sections of frequent OW permitting.
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CHAPTER 6. ASSESSING THE NEED TO REVISE
THE FEE STRUCTURE TO INCENTIVIZE
INFRASTRUCTURE-PROTECTING USER
BEHAVIOR

6.1 The Current Fee Structure

Federal law, since 1982, requires states to allow
GVWs of 80,000 lbs. on interstate highway systems and
other designated highways. Each state has its own fee
structure, wherein the upper thresholds for loads and
other contributing factors are defined in a structure
which is more favorable to OW trucks. A vehicle
carrying a load over 80,000 lbs. is usually termed as OW
in Indiana and charged an OW permit fee. The fee is
meant to recover part, or all the excess wear and tear
caused to the infrastructure by OW vehicles. The permit
fee obtained is mostly transferred to INDOT and only a
small portion is retained by DOR. The collected fees are
distributed to the State Highway Fund which finances
state and local road improvements and maintenance.

Superload, a sub-class of OW loads, has definitions
that vary across the states. In Indiana, a superload is a
load exceeding 120,000 lbs. Upper thresholds vary with
respect to each state and Figure 2.3 shows the variation
among Midwestern states. Permit fee structures vary
by state, including flat fee structures and progressive
structures. Flat fee structures levy a fixed fee per mile,
usually stratified into weight brackets. For example, the
fee may be $0.20 per mile for OW loads below 100,000
lbs., $0.30 per mile for loads exceeding 100,000 lbs.
but below 120,000 lbs., and so on. For progressive
structures, the fee is charged per ESAL per mile. This
fee structure encourages wider distribution of loads so
that the fewest ESALs are generated for each load.
Indiana utilizes both flat and progressive fee structures
for various contexts. For non-divisible loads, flat fee
structures are used while divisible loads are charged
on a progressive scheme. This is in part to incentivize
carriers to distribute loads whenever possible to
generate fewer ESALs and reduce their consumption
of the infrastructure. Furthermore, Indiana offers an
ESAL credit of 2.40 for each OW load, and therefore
carriers are only charged on ESALs generated more
than 2.40. An example of a fee structure used by
INDOT is presented in Figure 6.1.

In a bid to remain competitive with other states while
ensuring the integrity of Indiana’s highway infrastruc-
ture, HEA 1190-2021 implemented some key revisions
to the OW permit fee structure. Among the changes was
the removal of the list of commodities and the specific
weight limitations for certain commodities from the
definition of ‘‘overweight divisible load.’’ This expanded
the list of commodities that could be counted under
this category. Furthermore, the law limited the total
number of single permits that can be issued annually,
providing that ‘‘not more than 8,500 single trip permits
may be issued annually for applicants with a total
equivalent single axle load calculation of more than
2.40 ESAL credit.’’ These imposed limits would apply
only to permits issued after January 1st, 2022. Permits

issued before this date would not be affected by this
restriction as they are considered as being ‘‘grand-
fathered in.’’ The law also empowered INDOT with the
authority to ‘‘limit the number of OW divisible load
permits issued to an individual applicant.’’ This requires
INDOT to adopt rules due to a ‘‘lack of transportation
options for certain resources, supply chain interrup-
tions, or supply dock backlogs.’’ Additionally, the
department is also empowered to ‘‘temporarily increase
the number of OW divisible load permits issued by
order of the commissioner in response to an emergency
or changes in market conditions.’’

HEA 1190-2021 required INDOT to adopt emer-
gency rules and fee structure for the interim period and
‘‘issue a report to the legislative council and the interim
study committee on roads and transportation regarding
the fee structure of OW divisible load permits, and
regarding the impact of OW divisible loads on roads
and highways by July 1, 2023.’’ Furthermore, the
law provided that ‘‘[INDOT] shall issue an annual
report to the legislative council and the interim study
committee on roads and transportation regarding
market fluctuation in the number of OW divisible load
permits issued during the previous year.’’ These reports,
along with information provided by other state entities
will help to determine the final ‘‘permanent’’ fee
structure. The fee structure timeline is illustrated in
Figure 6.2.

This report analyzes trends in permits issued as well
as the impacts of the interim fee structure on the
demand for OW operations in the state, the infra-
structure consumption due to OW operations, and their
impacts on safety and mobility at permitted routes.
These analyses help to assess the need to revise the
permit fee structure, and the recommendations neces-
sary thereof, to adopt a permanent fee structure.
Subsequent sections of this chapter present the results
of these analyses as it pertains to INDOT’s revenues
and impacts on carriers.

6.2 Aggregate Trends Using 2017–2019 Data

A brief discussion of the trends in OW permits in the
interim period was presented earlier in Chapter 5 of this
report (refer to Figures 5.1, 5.2, and 5.3 in Chapter 5,
for illustration). Figure 5.1 shows that the number of
OW permits issued does not change significantly
because of the interim fee, although the trend shows
it increasing. The average shipment weight and average
ESAL per shipment (Figures 5.2 and 5.3) show a
downward trend. While this is positive from an
infrastructure consumption standpoint, it cannot be
attributed to the change in permit structure. The
increased permit fee did not appear to have any
significant impact on these metrics. The average weight
and ESAL were already trending downward before the
interim fee structure was implemented, and this trend
did not accelerate following the 2022 fee implementa-
tion. To gain further insight on the impacts of the new
fee structure, the research team analyzed the variation
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Figure 6.1 A summary of Indiana’s OW permit fee structure (INDOT, 2021).

Figure 6.2 A timeline of Indiana’s OW permit fee structures.
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in the permit fees paid under the various fee structures,
and how this would change if carriers added an
additional axle to their trucks. This analysis was based
on average ESALs and distances and utilized available
data for the years 2017 through 2019. These analyses

were conducted as part of the dashboard developed
during the study, and a few illustrations from the
dashboard are presented as figures in this section.

Figure 6.3 presents an illustration from the dash-
board showing the variation in the permit fees paid by



Figure 6.3 Dashboard visuals for permit fee with and without axle and fee issue trend: aggregate network-level analysis.
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the carriers in the 3 years analyzed. Because the analysis
is based on average ESALs, the total fees paid are
proportional to the number of permits issued each year.
Since the change in permit fee did not result in a
significant change in user behavior as evidenced by the
trends in the permits issued (Figures 5.1 through 5.3),
the research team considered other ways in which carriers
do lower their infrastructure consumption. One such
option would be axle addition. Although this option
would reduce overall ESALs, and consequently lower
infrastructure consumption, it would also lower the
permit fees paid and therefore reduce INDOT’s revenues.
The reduction in permit fees paid is illustrated in Figure
6.3 for the years considered. Results show that if carriers
added an additional axle to their trucks, this would on
average result in a 7% decline in the permit fees paid. The
dashboard submitted as part of this report allows the
user to vary the permit fee and the visuals adjust to show
the resulting impact of the change. This visual presented
here corresponds to a permit fee of $0.07 per ESAL-mile.
A different permit fee would likely yield different results
on the permit fees paid with and without axle addition.
The reader is encouraged to consult the dashboard for
more detailed visuals.

For the 2017, 2018, and 2019 years of operation, the
load carried by the trucks operating on Indiana roads
according to the operating ESAL range were visualized to
identify critical ESAL ranges that have the most impact
on the bridges and pavements. A network-level analysis,
as shown in Figure 6.4, shows the various metrics by
ESAL range. Based on the analysis, it can be observed
that trucks with ESAL between 8.4 and 9.4 hauled more

than 50% of the total weight moved across Indiana roads
in freight in 2017, 2018, and 2019. The most common
ESAL observed was 9.139. This means that the majority
of trucks haul OW operations with a very high ESAL
value (raw average, unweighted), which can be associated
with high pavement damage. This analysis helps deter-
mine the appropriate modifications that would be
necessary and helpful to the permit fee structure in terms
of increased penalties for these ESAL ranges.

6.3 Comparison of Fuel Tax and Permit Fees with
Pavement Damage

It can be argued that the practice inclusion of permit
fees penalizes carriers twice for the same operation, given
that they already pay for the infrastructure consumption
with the additional fuel tax incurred because extra weight
means extra fuel consumed and thus, extra fuel tax
revenue compared with a normal weight truck. While it is
true that OW vehicles consume more fuel than their
normal-weight counterparts and thus generate more fuel
tax revenues, the reality is that this additional revenue is
far from sufficient in covering the OW-induced infra-
structure consumption caused by the OW operations.

This section presents a comparison of the additional
fuel tax revenue contributed due to OW loading and the
infrastructure consumption incurred due to OW load-
ing. The analysis is conducted for a FHWA class 8
semi-truck (the most common truck used for OW
operations on Indiana highways). Furthermore, the
analysis is carried out separately for interstates and
non-interstate highways on the NHS.



� �
ð Þ

FE(w)~({4:77|10{10)w2z(8:0|10{6)z9:6687 ðEq: 6:1Þ

FE(w)~6:1{0:144
w{96,000

2,204:62
Eq: 6:2

Figure 6.4 Examination of OW truck operations (2017–2019) impact using the dashboard.
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In this analysis, the fuel tax revenue under considera-
tion is that obtained solely because of OW loading,
specifically, only the fuel consumed due to hauling loads
over 80,000 lbs. To estimate the fuel tax (and hence, the
fuel tax revenue), the fuel efficiency of the OW truck is
estimated using the Capps model (Capps et al., 2008)
and the British Transport Advisory Committee (BTAC)
models (Coyle, 2007). These models are presented as
Equations 6.1 and 6.2, respectively.

The Capps model can be used to reliably estimate the
fuel efficiency of a truck having GVW up to 96,000 lbs.
while the BTAC model can be used for vehicles having
GVW between 96,000 lbs. and 150,000 lbs. For GVW
over 150,000 lbs., a minimum fuel efficiency of 2.5 MPG
is assumed. The extent of a truck’s OW loading is
represented as average percentage extra weight (APEW).
This refers to the weight excess above the legal limit
expressed as a percentage of the legal limit. For example,
for a truck with 100,000 lbs. GVW, the excess weight
above the legal weight limit is 20,000 lbs., and therefore,
its APEW is 5 20,000 lbs./80,000 lbs., or 25%.

Using the fuel efficiency estimates obtained using
Equations 6.1 and 6.2, and a fuel tax rate of $0.57 per
gallon for diesel fuel (Indiana Legislative Services
Agency Office of Fiscal and Management Analysis,
2023), the fuel revenues (fuel taxes contributed) at

various APEWs is presented in Figure 6.5. As stated
earlier in this section, this fuel tax accounts only for the
excess or OW portion of the load. Therefore, a truck
weighing 80,000 lbs. has an APEW of 0% and therefore
does not contribute to the additional OW fuel tax
revenue. Figure 6.5 also shows the pavement damage
cost resulting from the OW operations. For interstates,
the average marginal pavement damage cost is $0.006/
ESAL-mile while NIS-NHS routes have a marginal
PDC of $0.055/ESAL-mile (Ahmed, Agbelie, et al.,
2013).

Figure 6.5 presents the fuel tax revenue contributed,
and the pavement damage cost associated with various
loading levels (APEW) at interstate highways. Also,
Figure 6.6 presents the overall revenue obtained (from
fuel tax and permit fee) and the pavement damage cost
associated with various loading levels (APEW) at
interstate highways. It can be observed that the damage
incurred exceeds the revenues obtained from the fuel
taxes and the deficit grows with increasing APEW. This
result suggests that it is beneficial to furtherevaluate the
existing OW permit fee to ascertain whether it covers
the additional damage incurred. When the permit fees
are applied at the rate proposed in HEA 1190-2021
($0.25/ESAL-mile with a 2.4 ESAL credit), the results
are presented in the figure. At first glance, these results
seem to suggest that the revenues obtained from permit
fees and fuel taxes exceed the overall infrastructure
damage cost. However, this interpretation may be
misleading as there are other factors at play. First, the
damage cost considered here does not include other
assets (bridge damage). As demonstrated in the litera-



Figure 6.5 Comparison: fuel-tax revenue due to excess load vs. pavement damage consumption due to excess load.

Figure 6.6 Comparison of interstate routes: fuel-tax revenue due to excess load vs. pavement damage consumption due to excess
load vs. permit-free revenue due to excess load.
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ture, bridges suffer much more damage to OW loads
compared to pavements. Second, the interstate routes

experience approximately eight times as much traffic as

NIS-NHS routes. Due to the higher volume of traffic on

interstate routes, the interstate pavement damage cost is

spread out over a larger user base. Further, the lower

unit cost of interstate pavement consumption could be

attributed to the effect of ‘‘vertical’’ scale economies

(considering the thicker pavements of interstates and the

engineering relationship between loading and pavement

thickness). Regarding Figure 6.6, the results show far

excess of costs over the fuel-tax revenues.

Similarly, Figure 6.7 compares the pavement damage
cost with the fuel-tax revenue at different load levels,
and Figure 6.8 compares pavement damage cost with
the aggregate of fuel tax revenue and permit fee revenues
for non-interstate NHS routes. Without the economies
of scale associated with high traffic volumes like those
on interstate routes, it becomes evident that the revenues

obtained from fuel taxes as result of OW loading, along
with the applicable permit fees are not enough to cover
the pavement damage incurred by the same.

6.4 Impact of the Existing Fee Structure on Carriers

This section documents the impact of the existing fee
structure on carriers. The current fee structure impacts
the freight carriers in various ways. The overweight
permit fee structure generates revenue for INDOT. The
total revenue to INDOT in terms of the OW trucks
operating on Indiana roads, consist of the following.

N Direct cost: base permit fee.

N Indirect cost: fee collected via fuel tax.

Here, only the costs incurred to the carriers that
would generate revenue for INDOT are considered and
explored. There might be other indirect costs that the
carriers might incur that are not explored here.



ð ÞChargeable ESAL~Total ESALs{2:4 Eq: 6:3

Figure 6.7 Comparison of non-interstate NHS routes: fuel-tax revenue due to excess load vs. pavement damage consumption due
to excess load.

Figure 6.8 Comparison of non-interstate NHS routes: fuel-tax revenue due to excess load vs. pavement damage consumption due
to excess load vs. permit-free revenue due to excess load.
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6.4.1 Base Permit Fee Based on ESAL Miles

Based on INDOT’s current OW permit fee structure,
the fees add up when the ESAL value increases more
than 2.4, particularly, with multiple trucks in the
carrier’s fleet. An ESAL value of 2.4 or less can be
considered to cause minimal damage to the road
infrastructure as that only costs the administrative fee.
Based on the analysis, the damage to the road
infrastructure increases with ESAL. To incentivize
trucks to operate at ESAL values of 2.4 or below,
trucks that exceed 2.4 ESALs are charged for every mile
ESAL-mile more than 2.4. This extra ESAL is also
referred to as ‘‘chargeable ESAL.’’

Generally, for a permit fee of W per ESAL-mile, and
an OW truck of X ESALs that travels Y miles, the
permit fee is calculated as:

Permit fee~Administration feez
$W ½(Total X ESALs{2:4) � Y miles� ðEq: 6:4Þ

For example:

For an OW truck of 2.9 ESAL that travels 200 miles,

Permit fee~$20z$0:25 ½(2:9{2:4) � 200 miles�
~$45 ðEq: 6:5Þ



To understand the direct impact of existing fee
structure on the carriers, a similar calculation was carried
out for the 2017, 2018, and 2019 data using old and new
permit structures with $0.07 and $0.25 per ESAL mile,
respectively. The results are presented in Figure 6.9.

6.4.2 Amount Paid by OW Trucks due to Existing Fuel
Taxes

It is important to account for the fact that all
carriers, regardless of their vehicle weight or OW status,
pay fuel taxes based on the amount of fuel consumed.
OW trucks pay an extra amount because they consume

more fuel compared to non-OW trucks. The extra fuel
they consume can be calculated based on their higher
fuel consumption rate (that is, lower fuel efficiency)
compared to non-OW trucks. This extra amount, in
terms of fuel taxes, paid by OW trucks translate into
higher revenue to the agency. For fair accounting, it is
important to consider this amount as a contribution
that is paid by overweight trucks.

INDOT defines any truck as OW if its total weight
exceeds 80,000 lbs. Therefore, the fuel efficiency
must be determined for the trucks by first calculating
the fuel efficiency for vehicles that weigh from
20,000–80,000 lbs. as a baseline and owing to the

Figure 6.9 Network-level comparative analysis of the average permit fee with the old and new permit structures ($0.07 and $0.25/
ESAL-mile, respectively), 2017–2019.
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trucks operating at over 80,000 lbs., a different
model for fuel efficiency must be used. To calculate
the fuel consumption, the fuel efficiency (FE1) of the
truck is calculated using an equation adopted from
the British Transport Advisory Committee (Dey et al.,
2014):

Fuel efficiency (FE1)~6:1{0:144
(W{96,000)=(2,204:62) Eq: 6:6� ð Þ

Equation 6.5 estimates the fuel efficiency of trucks
weighing greater than 96,000 lbs. Here, w is the total
vehicle weight in lbs.

For trucks with an average weight of 80,000 lbs.,
traveling at an average speed of 65 MPH, the Capps
method (Dey et al., 2014) can be used to calculate the
fuel efficiency (FE2) as follows:

Fuel efficiency (FE2)~({4:75 � 10{10) �W 2

z(8 � 10{6) �Wz9:6687 ðEq: 6:7Þ

Here, w is the total vehicle weight in lbs.

The fuel consumption (FC) due to the entire load
of a particular truck (FC1) is calculated and the
difference between this value and the fuel consump-
tion for an 80,000 lbs. vehicle (FC2) is calculated to
obtain the fuel consumption due to the overweight
part of the load.

FC1 5 Distance traveled/FE1

FC2 5 Distance traveled/FE2

Additional fuel consumed that is fuel due to

OW part of the load ~FC1{FC2 ðEq: 6:8Þ

The fuel taxes are comprised of two parts: motor
carrier fuel tax and surcharge tax. The following
formulae are used to compute the total fuel taxes
collected and identifying the proportion of the total fuel
taxes that account for the overweight part of the load.

Total fuel tax~FC1

� (Diesel rate per gallonzMotor carrier

surcharge fee per gallon)

Total fuel tax~FC1 � (0:32z0:21)

ðEq: 6:9Þ

[*Note: Rates correspond to 2021]

Due to the OW part of the vehicle,

MCFT~(Fuel consumed by overweight

part of the load) �Diesel rate
ðEq: 6:10Þ

ST~FC2 �Motor carrier surcharge

tax per gallon (~0:21)
ðEq: 6:11Þ

Total additional fuel tax revenue~Motor

carrier fuel taxzSurcharge tax
ðEq: 6:12Þ

6.5 Chapter Summary

This chapter provided details of the impact of
existing fee structure on the truck carriers. It is evident
that truck carriers pay a higher fee in terms of fuel taxes
with OW operations. Despite the costs outlined in this
chapter, based on the HCA study discussed in Section
6.3, the fees paid by the heavy weight vehicles is less
compared to the consumption or the damage that the
vehicles cause to the road infrastructure. This analysis
allows INDOT to explore all the factors that impact
the carriers, thereby ensuring that the steps taken by
INDOT are inclusive and towards a growth driven
environment in the state, while also generating enough
revenue to maintain the road infrastructure in Indiana.

CHAPTER 7. FINANCIAL AND OTHER LEVERS
FOR FACILITATING OW PERMITTING AND
PROMOTING FREIGHT TRANSPORT
COMPETITIVENESS

7.1 Introduction

The present chapter of the report explores financial
and other levers that INDOT could use to facilitate
OW permitting and therefore, to promote competitive-
ness of freight transportation operations in the state.
The task focused on how permits and other incentives
could be leveraged, using several decision factors, to
establish a win-win-win outcome for shippers, carriers,
and INDOT, thereby resulting in solutions that balance
the goals of the various stakeholders.

Ideally, it is desirable to ensure that the permit fee
should cover, as much as practicable, the infrastructure
consumption (that is, the expenditures on bridge and
pavement maintenance, rehabilitation, and reconstruc-
tion that arise because of OW-induced damage).
However, such cost recovery efforts must be kept within
reasonable limits so that the truck companies are not
dissuaded from operating on Indiana roads. From a
comprehensive review of the literature and various truck-
level and network-level analysis carried out as part of this
study, the rest of this chapter discusses three initiatives
that could help achieve win-win-win situations.

7.2 Differential Permit Fee Across the Road Classes

In the context of this report, a ‘‘differential’’ permit fee
across the road classes means having a surcharge for
certain road classes. Here, two road classes are
considered: interstates and non-interstates. In an earlier
chapter of this report (Chapter 6), the study compared
the OW permit-fee revenue with the OW-induced
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pavement damage (consumption) (Figure 6.6), and it
was observed that for the same loading regime, the unit
damage cost for interstate routes is significantly lower
compared to the that for non-interstate routes.

This is in part because interstate pavements are built
to higher quality standards relative to non-interstates
pavements. Also, interstate routes generally experience
eight times as much traffic, on average, as non-interstate
routes. This implies that the pavement damage cost for
interstates is spread out over a much larger user base and
due to scale economies, is relatively smaller compared to
non-interstates. Therefore, a surcharge could be added to
the permit fees on OW operations at non-interstate
highways, to further protect that class of infrastructure.
Any such surcharge could be implemented as an increase
in the ESAL-mile fee or as a lump sum to annual permits
purchased for non-interstate route operations.

7.3 Differential Permit Fee Across the Seasons

In highway design and construction, highway pave-
ment subgrades and subbases often consist of soils that
have lower California Bearing Ratios and therefore
reduced structural capacity when they experience
high moisture regimes such as inundation or satura-
tion. Such moisture regimes are experienced during
the spring thawing season when these layers become
saturated because of runoff from melting ice and
snow. In addition, ice lenses in the subgrades experience
volumetric change due to the change in ambient soil
temperatures during the thaw process, and the effect of
these volumetric changes translate to the pavement
surface as cracks. For this reason, the spring thaw
season is generally the time when the subgrades and
subbases have the least structural integrity. It was
observed from the literature review of this study that
at least one Midwest state has imposed restrictions on
OW operations during this season.

To address this issue, it may be worthwhile to restrict
OW operations during this season, and/or imposing a
surcharge on OW operations at this time of year.
However, before that is done, it is important to
establish the appropriate period of restriction and/or
determine the appropriate surcharge amount to cover
OW damage to pavements currently. The situation is
generally more pertinent at non-interstate highways
that are designed to relatively lower standard compared
to interstates. Thus, any such surcharge fee could be
applied to non-interstates only.

7.4 Permit Fee Credits/Discounts

Implementing permit fee surcharge may be a viable
financial lever. However, it may not be popular or well
received by all stakeholders. Some carriers already feel
that permit fees are high enough as they are, and others
yet believe that they are paying twice for OW operations
since they already pay fuel taxes. Notwithstanding that
this argument is somewhat inadequate, especially because
the fuel taxes paid by OW trucks are not enough to

compensate for the infrastructure consumption, it is still
vital any policies implemented by INDOT are well
received by stakeholders.

As such, in place of permit fee surcharges, INDOT
may consider providing credits or discounts for
behaviors that protect infrastructure. For the reasons
outlined earlier, it would be beneficial from an
infrastructure preservation standpoint to reduce OW
operations during the winter months and on non-
interstate roads. Therefore, INDOT can provide these
incentives for the appropriate behavior. Like the
surcharge, the credits or discounts can be applied to
either seasonal operations, or interstate operations, or
both.

7.5 Permit Fee Discounts for Adding an Axle

The amount of pavement damage resulting from
vehicular loading is dependent not only on the gross
vehicle weight (GVW) but also on how that weight is
distributed. An ESAL is one way of measuring the
weight distribution on a vehicle, and consequently the
amount of pavement damage caused. For the same
GVW, a vehicle with more axles will generate fewer
ESALs and therefore cause less severe pavement
damage. This is because the weight is being spread
out over more axles and therefore exerts less pressure
onto the pavement. To incentivize carriers to add
extra axles to their trucks, INDOT can provide permit
credits or discounts for trucks that add extra axles.
Previously, carriers have been reluctant to add axles
to their axles, citing cost as the primary factor.
However, if INDOT can provide discounts or credits
that can help offset this cost, more carriers may be
willing to adopt this approach.

Based on the results of the survey conducted for this
study (see Chapter 11), most respondents indicated that
they would be willing to add an axle to their trucks if
financial incentives were provided. Since carriers have
indicated a willingness to take this approach, leveraging
this gives INDOT a financial lever that is both effective
and potentially well received.

CHAPTER 8. DEVELOPMENT OF AN OW
PERMIT-FEE CALCULATOR

As part of this project, a permit fee calculator
was developed to help prospective seekers of OW
permits measure the benefits of adding axles to their
trucks, for purposes of OW operations. Indiana uses
OW permit fees based on the load carried and the
ESAL (see Appendix B). The analysis in previous
chapters of this report has shown that the permit fee
amount is most sensitive to the ESAL. ESAL
computation is carried out based on several con-
siderations including total load, number of axles and
axles spacing, and so on. This research study
developed a calculator to help stakeholders quickly
and easily calculate the ESAL associated with a
prospective OW trip.
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Figure 8.1 Example of calculating ESAL for a sample truck (culled from the INDOT handbook).
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8.1 Steps in the ESAL Calculation

This section discusses the steps involved in calculat-
ing the ESAL value for trucks based on the formula
used by INDOT.

Step 1: Determine the result the first or next single
axle weight of the vehicle in pounds (lbs.); divided by
18,000.

Step 2: Determine the result of the Step 1 amount
raised to the fourth power.

Step 3: Repeat Step 1 and Step 2 for each additional
single axle on the vehicle.

Step 4: Determine the sum of the resulting amounts
from Step 2 and Step 3 for all single axles on the
vehicle.

Step 5: Determine the result of the first or next
tandem axle group weight in pounds (lbs.); divided
by 33,200.

Step 6: Determine the result of the Step 5 amount
raised to the fourth power.

Step 7: Repeat Step 5 and Step 6 for each additional
tandem axle group on the vehicle.

Step 8: Determine the sum of the resulting amounts
from Step 6 and Step 7 for all tandem axle groups on
the vehicle.

Step 9: Determine the sum of the Step 4 amount and
the Step 8 amount.

Axle group divisor is as follows: single axle 5 18,000;
tandem axle 5 33,200; triaxle 5 46,000; quad axle 5

57,000; quintuple axle 5 65,000. (Anything more than a
quintuple axle is calculated as a single, tandem or tri.)

The number of equivalent single axle load miles that
applies to a trip is the number determined in the
following example traveling 100 miles.

8.2 ESAL Calculation Tool

The ESAL calculations for all the trucks were
automated using MS Excel. A template was provided
to receive raw truck data from INDOT. The ESAL



calculator uses a pivot table that is generated from
the data. The permit number and fields are used to
extract the axle pairs and their classification, and the
ESAL is calculated. The axles are classified based on
their spacing: single, tandem, tri, quad, and quintu-
ple. If the spacing between any two consecutive axles
is less than 60 cm, then the two axles are grouped
together (starting from tandem and going up to
quintuple based on the number of pairs of consecutive
axles having less than 60 cm of spacing between
them).

~IF ((D3w60),1,0)zIF (D3v60 and E3~0,1,0)

The template is used for each pair of consecutive
axles where D3 refers to the axle spacing and E3 refers
to the presence or absence of a subsequent axle. The
ESAL ratio for the individual axles is then calculated
based on the axle classifications. This dictates the axle
group devisor (load denominator) as follows.

~IF (AZ3w0,0, IF (C3w0, (IF (AY3~0,

C3, BL3zC3)=(VLOOKUP(AY3z1,0

Load denominator0!$A$1: $B$6, 2, FALSE)))4,0))

The formula essentially divides the axle load by the
load denominator based on the classification of the axle
group and raises it to the power of 4. The individual
ESAL ratios are then added up to obtain the average
ESAL estimate for the truck. With the addition of
another axle, the same procedure can be repeated to
recalculate the individual ESAL ratios by knowing the
position of the new axle. The cell references are based
on the contents of the illustration case study provided
in the tool.

8.3 Chapter Summary

The automated Excel-based ESAL calculation tool
can help stakeholders calculate the OW divisible
permit fee for prospective trips. The tool allows
INDOT to explore the effects of multiple loading
scenarios. INDOT can analyze these trends to
make informed decisions to ensure a beneficial
permit fee structure. The tool can also help
the industry determine how they could optimize
load distributions in order to lower their ESAL for a
given trip, thereby reducing the permit fee, and
reducing the damage caused to the road infrastruc-
ture.

CHAPTER 9. DASHBOARD TO CONVERT DATA
INTO METRICS

A Power BI dashboard is developed for INDOT to
keep track of key performance indicators. The dash-
board is developed with the current data shared by
INDOT for 2017, 2018, and 2019. The dashboard file
can be updated with new data to keep records or with

assumed hypothetical data to check results. The dash-
board will be provided as a separate file for the INDOT
to use, along with a guide. Some of the features of the
visual dashboard are presented and described in this
section for better understanding.

9.1 Route-Wise Metrics

A custom map visual plugin (IconMapV3) is
utilized to visualize the density of truck routes, with
the circles indicating the origination and destination
(Figure 9.1). The variation in circle diameter is
proportional to the density of the corresponding
origin and destination. With the visualization, it is
possible to identify possible ‘‘hotspots’’ and wherein
routes which are more commonly used. Filters can be
applied to determine routes undertaken by a singular
entity as well as destinations which might have a
common origin and vice versa.

The Power BI canvas, in Figure 9.1, presents the
visuals indicating the key metrics for 2017. This is
similarly replicated for the years 2018 and 2019. The
map visual is used to indicate the routes for the trucks
with a heatmap style visual. The circle size can be
used to identify the number of trucks operated by
certain companies in a particular county or locality
and track their routes to identify the key routes that
the trucks that bring in the highest revenue operate on
and are to be focused upon during the revision of the
permit fee structure.

The following metrics are visualized and are
updated dynamically as any of the particular routes
are selected, i.e., the place of origin indicated by the
blue circles that when selected show the different
destinations and the routes associated with the
following.

1. Average ESAL without Axle

The ESAL establishes a relationship for comparing
pavement damage to the effects of axles carrying
different loads.
This measure indicates the average value of ESAL for
trucks that are operating without the suggested addi-
tional axle (that reduces the impact of the vehicle on the
roads and recoups the investment for the additional axle
by reduced OW permit fee paid over a period) over the
truck’s current axles.

2. Average ESAL with Axle

This measure indicates the average value of ESAL for
trucks that is obtained after adding the additional axle
suggested.

3. Number of Permits Issued

It is the number of unique permits issued, i.e., the
number of trucks operating on the various routes.

4. Average Mileage

It is the average mileage of the trucks, i.e., the average of the
total distance traveled by the trucks on the various routes.

5. Average Truck Weight

This is the average total weight of the trucks (including
the OW part of the trucks), i.e., the average load carried
by the trucks on the various routes.
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�

(0:25 �Mileage � ESAL credit with no

additional axle)z(Mileage 1:82)
ðEq: 9:3Þ

Figure 9.1 Truck route analysis to gauge traffic intensity and high-impact routes.
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6. Distance Travelled
It is the aggregate distance travelled by the trucks
operating on the various routes.

7. Fee without Axle: Old Permit Fee

It is the total payment by the truck owner if they
continue to operate without adding an axle, under the
existing permit fee structure with a permit fee of $0.07
per ESAL-mile. Here, the fees dependent on mileage are
discussed. It is calculated as:

(0:07 �Mileage � Chargeable ESAL)

z(Mileage � 1:82)
ðEq: 9:1Þ

Where, Chargeable ESAL 5 ESAL – 2.4, this is the
chargeable ESAL miles that account for the OW part of
the load and (1.82*mileage) refers to the fee charged for
the non-OW part of the truck’s trip.

8. Fee with Axle: Old Permit Fee

It is the total payment by the truck owners if they operate
by adding an axle to their trucks, under the existing
permit fee structure with a permit fee of $0.07 per ESAL-
mile. It is calculated as:

(0:07 �Mileage � ESAL credit with additional axle)

z(Mileage � 1:82) ðEq: 9:2Þ

9. Fee without Axle: Interim Permit Fee
It is the total payment by the truck owners if they
continue to operate without adding an axle, under the
interim permit fee structure that has a permit fee of $0.25
per ESAL-mile. It is calculated as:

10. Fee with Axle: Interim Permit Fee
It is the total payment by the truck owners if they operate
by adding an axle to their trucks, under the interim permit
fee structure that has a permit fee of $0.25 per ESAL-mile.

It is calculated as:

(0:25 �Mileage � ESAL credit with additional axle)

z(Mileage � 1:82) ðEq: 9:4Þ

9.2 Fuel Tax Metrics by Company (Company Names
Redacted)

The Power BI canvas, in Figure 9.2, shows the metrics
pertinent to the fuel tax breaking down the components
of what the total fuel tax consists of. This helps identify
how much the companies are paying and what consti-
tutes the total tax paid. The visual depicts the metrics for
the 2017 data. This is replicated similarly for the years
2018 and 2019.

The following metrics are measured and displayed
in the visual that are updated dynamically as any
particular company is selected on the stacked chart
visual that identifies the top companies paying the
highest amount of total fuel tax and how much is the
proportion of additional fuel tax they pay, of the total
fuel tax paid.

1. Total Indiana Miles
This is the amount of distance travelled by the truck on
Indiana roads as the fuel taxes charged by the State of
Indiana can only account for the distance travelled by the
trucks on Indiana roads.

2. Permits Issued
This is the number of unique permits issued for trucks
operating in Indiana.

3. Fuel Consumption (gallons)
It is the average amount of fuel consumed (FC) due to
the OW load of the truck (.80,000 lbs.) during its
journey through Indiana roads. This is calculated as the
difference between fuel consumption (FC1) due to the
entire load of a truck and fuel consumption (FC2) by a
truck carrying 80,000 lbs. load.



�

(Selected permit fee �Mileage � ESAL credit

with no additional axle)z(1:82 Mileage)
ðEq: 9:5Þ

Figure 9.2 Top contributors to fuel tax revenue and associated metrics (each bar represents a different freight transportation
company).

Joint Transportation Research Program Technical Report FHWA/IN/JTRP-2024/16 53

4. Total Fuel Tax Paid

It is the total fuel tax paid for the full load carried by the

truck.

5. Motor Carrier Fuel Tax

It is the motor carrier fuel tax (MCFT) incurred by the

company owing to the OW part of the load.

6. Surcharge Tax

It is the amount of motor carrier surcharge tax (MCST)

that is incurred by the company associated with the OW

part of the load.

7. Total Additional Fuel Tax Revenue (AFTR)

It is the total fuel tax incurred due to the OW load

carried by the company to operate the truck with an OW

load (.80,000 lbs.).

9.3 Permit Fee Sensitivity

The Power BI canvas in Figure 9.3 presents visuals
indicating the metrics annually over the period 2017–
2019. The ‘‘year’’ slider and the ‘‘permit select’’ slider
could be adjusted to measure and visualize the
following metrics at any selected year or a range of
years and for different permit fees (from $0.07 to $0.50
per ESAL-mile) interactively.

1. Permit Fee without Axle

This is the aggregate permit fee paid by the truck owners

that are operating without the suggested additional axle

which is calculated as:

2. Permit Fee with Axle

This is the aggregate permit fee paid by the truck owners

that are operating with the additional axle suggested for

better weight distribution which is calculated as:

(Selected permit fee �Mileage � ESAL credit

with additional axle)z(1:82 �Mileage)Þ

3. Total Permits Issued

This is the aggregate number of trucks with unique
permit numbers, or essentially the number of trips.

4. The Variation of Average Permit Fees with and without
Axle According to ESAL Range of the Trucks

The tooltips in the graph update all the measures including
the number of permits in the range when hovered over them
or clicked upon. Figure 9.4 shows the visuals and metrics
for trucks having an ESAL of 6.4–7.4 as an example.

5. Variation of Total Permit Fees with and Without Axle

Across the Various Companies

The tooltips in the graph update all the measures including
the number of trucks operated by the company when
hovered over them or clicked upon. The example in Figure
9.5 shows the visuals and metrics for the company that
brings in the highest permit fee revenue across all 3 years.

9.4 Fuel Tax Sensitivity

The Power BI canvas in Figure 9.6 shows all visuals
indicating measures for the 3 years from 2017–2019.
The ‘‘diesel rate,’’ ‘‘surcharge tax,’’ and ‘‘year’’ sliders
can be adjusted to measure and visualize the following
metrics on any particular year or a range of years
dynamically for the different years and values of diesel
tax per mile ranging from $0.16 to $0.50 and fuel
surcharge tax per mile ranging from $0.11 to $0.50.

1. Motor Carrier Fuel Tax (MCFT)

This is the motor carrier fuel tax (MCFT) incurred by the
company owing to the OW part of the load.

2. Fuel Surcharge Tax (ST)

This is the amount of motor carrier surcharge tax
(MCST) that is incurred by the company associated with
the OW part of the load.



Figure 9.3 Permit fee sensitivity to permit fee increase per ESAL-mile (each bar represents a different freight transportation
company).

Figure 9.4 Observation of permit fee metrics for a specific ESAL range.
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3. Additional Fuel Tax Revenue

This is the total additional fuel tax revenue obtained due

to the OW portion of the load carrying truck.

4. Total Permits Issued

This is the aggregate number of trucks with unique

permit numbers, or essentially the number of trips.

5. Total Fuel Tax Paid

This is the total fuel tax paid for the full load carried by

the truck.

6. The Variation of Average MCFT and ST According to

ESAL Range of the Trucks

The tooltips in the graph update all the measures including

the number of trucks in the range when hovered over them

or clicked upon. The example in Figure 9.6 shows the

visuals and metrics for trucks having an ESAL of 6.4–7.4.

7. Fuel Tax Metric for a Specific Company

The tooltips in the graph update all the measures

including the number of trucks operated by the particular

company when hovered over them or clicked upon. The

example in Figure 9.7 shows the visuals and metrics for

the company that brought in the highest fuel tax revenue

across all 3 years.



Figure 9.5 Observation of permit fee metrics for a specific company.

Figure 9.6 Observation of fuel tax metrics for a specific ESAL range.
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9.5 Effect of Modified Permit Fee Structure

The Power BI canvas in Figure 9.8 shows the
comparative permit fees paid assuming the previ-
ous legislation (HEA 1481-2013) and interim legislation
(HEA 1190-2021), using the 3-year data (2017–2019).

9.6 Chapter Summary

This chapter provides details of the Power BI
dashboard that is developed to help INDOT keep

track of the key performance indicators. This would
enable INDOT to continuously monitor the OW
operations in the state and the factors that impact the
permit fee structure. It would assist INDOT in making
informed changes to the permit fee structure such that it
provides a competitive environment for OW operations
in the state.



Figure 9.7 Observation of fuel tax metrics for a specific carrier.

Figure 9.8 Permit fee sensitivity associated with the OW part of the load.
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CHAPTER 10. FLUCTUATION IN THE NUMBER
OF OW DIVISIBLE LOAD PERMITS ISSUED IN
2021

10.1 Introduction

The previous JTRP study assessed permit fees and
OW operations in Indiana (Everett et al., 2014) and
concluded that increasing OWOS permit fees would
incentivize carriers to add axles to their vehicles, and
thereby reduce infrastructure consumption. However, it
has since been shown that those conclusions did not
manifest to the extent expected. Carriers did not add
the requisite axles to their trucks to the extent needed to
effect a significant change in highway infrastructure
consumption. Following the changes in permit fees
proposed in HEA 1190-2021, this study seeks to explore
the changes, if any, in the number of OW permits issued
under various categories as a direct result of the revised
permit fees. The trends in the permits issued can help
inform the state about the effect of the fee revision on
OW operations via-a-vis infrastructure consumption,
operational performance, and economic competitive-
ness.

The analysis presented in this chapter examines
fluctuations in OW divisible load (ODL) permits issued
between the years 2021 through 2023 (inclusive). ODLs,
as defined in the HEA 1190-2021, means a tractor–
semitrailer and load that (1) can be traditionally
separated or reduced to meet the specified regulatory
limits for weight, (2) meet other requirements for
height, length, and width; and (3) have a GVW of more
than 80,000 lbs. but a GVW of not more than 120,000
lbs. The analysis period is divided into the period before
the implementation date of HEA 1190-2021 (the
‘‘before’’ period), and the period after the implementa-
tion date (the ‘‘after’’ period). HEA 1190-2021 was
implemented on January 1st, 2022. Therefore, before
this date, the OW permit fees was $20 + $0.07 per
ESAL-mile for ESALs more than 2.4. The new
structure increased the fee to $20 + $0.25 per ESAL-
mile for ESALs more than 2.4. The remainder of this
chapter presents fluctuations in various characteristics
of permits issued during the analysis period including
the number of permits issued, type of permits, the
shipment weight, ESALs generated, etc.

10.2 Trends by Permit Issue Type: Grandfathered vs.
Yearly Total

1. Number of Permits Issued

Figure 10.1 shows the monthly trends in the number of
permits issued by issue type, i.e., grandfathered, or yearly
total. For grandfathered permits, the general trend in the
before period is a downward trend, showing a 15%

decline in the number of permits issued between January
2021 and January 2022. The period following the bill’s
implementation date still trends downwards, albeit
slower than before. The decline rate in the after period
is on average 4%, much lower than the 15% in the before
period. The yearly total category shows an upward trend

in both the before and after periods. In the period from
January 2022 through March 2023, the permits issued as
yearly total increased from approximately 300 to well
over 1,200, a four-fold increase, while the before period
saw a two-fold increase.

2. Number of ESALs
Figure 10.2 and Figure 10.3 show the variation in
average trip and total monthly ESALs by permit issue
type, respectively. The average trip ESALs for grand-
fathered permits show a reversal in the trend from an
increase in the before period to a decrease in the after
period. The yearly total, on the other hand, appears to
show the opposite trend, moving from a decreasing trend
in the before period to an increase in the after period.
The total monthly trip ESALs show a more consistent
trend for both yearly total and grandfathered permits.
Grandfathered permits show a decline in both periods
while yearly total permits show an increase in both the
before and after periods.

3. Trip Weight
Figure 10.4 and Figure 10.5 show variations in the
total monthly and average trip weight by issue type.
Permits issued as grandfathered show a consistent
downward trend in both the before and after periods,
although the exact rate is lower in the after period than
the before period. Permits issued as yearly total show
an upward trend in both the before and after periods.
The before period saw a two-fold increase while the
after period saw a four-fold increase in the total
monthly trip distance. For the average trip distance,
the average trip distance remained approximately
constant for permits issued as grandfather in the
before period, but sharply declined in the after period.
The permits issued as yearly total display an almost
opposite trend, showing an increase in the before
period and remaining almost constant, with a very
slight downward trend in the after period. Overall, the
permits issued as yearly total exhibit greater variation
in their average trip distance when compared to the
permits issued as grandfathered, or when comparing
the before and after periods.

4. Trip Distance
Trends in the average trip distance as well as the total
monthly trip distance for permits issued as grandfathered
or yearly total are illustrated in Figure 10.6 and Figure
10.7. The average trip distance showed a declining trend
across the board, although the exact value of the rate of
decline varies from period (or issue type) to the next. The
total monthly trip distance is illustrated in Figure 10.7
and shows a declining trend for both the yearly total and
grandfathered permits.

10.3 Trends by Commodity Type

10.3.1 General

There exist significant variations in the trends of the
number of permits issued when examined by commodity
type, as presented in Figure 10.8. For agriculture
permits, the trend was upward in the period before the
law’s implementation, leading to an increase in the
number of permits from approximately 35 in July 2021
to approximately 65 by January 2022. However, the
period following the enactment of HEA 1190-2021 saw
these permits decrease steadily, with only approximately
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Figure 10.1 Number of permits by issue type.
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30 permits being issued by April 2023. Permits issued
under the metals category remained largely consistent
over the analysis period. Although the trendlines appear
to show a downward trend for both the before and after
periods, the actual permit data appears to fluctuate
between 8,000 and 10,000 permits per month through-
out the analysis period, with April 2023 appearing to be
an outlier. Permits issued as ‘‘other’’ show a consistent
upward trend, increasing in both the before and after
periods. The number of permits in this category
increases steadily, from around 300 permits issued in
July 2021 to a peak of approximately 1,400 permits in
January 2023. The April 2023 observations could be
considered as outliers in this dataset. In the figures, the
HEA 1190-2021 implementation date is shown as a
vertical green dotted line.

10.3.2 Trends of the Average Trip Distance

For commodities classified as metals and ‘‘other,’’ the
average trip distance for permitted OW trips trends
downwards in both the before and after periods (see
Figure 10.9). In both cases, the decline is steeper in the
before period than the after period. Consistent with the
number of permits issued, OW shipments for goods
classified as metal seem to be on the decline. The same
trend can be seen in all other analysis categories such as
GVW (Figure 10.13) and ESALs (Figure 10.11). Not
only are fewer permits issued for metals, but the average
distance for the permits issued also decreases with time.
Reasons for this decrease are not clear, but it may be
attributed in part to supply chain disruptions due to the
pandemic. The average trip distance for permits issued



Figure 10.2 Average ESALs (monthly) by issue type (HEA 1190-2021 implementation date is shown as green dotted line).
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for agricultural goods trends down in the before period
but the trend reverses after HEA 1190-2021 was
implemented. Although significant variations occur
from month to month, the trend average is upward,
from an average of 60 miles per trip in January 2022, to
approximately 100 miles per trip by April 2023. This
contrasts with the number of permits issued under the
same category, which trends downwards in the same
period. We can conclude therefore that while fewer
permits are issued in this category, the carriers are
traveling longer distances.

10.3.3 Trends of the Total Trip Distance

Figure 10.10 shows the cumulative trip distance of
permitted trips per month for each commodity. Shipments

for permits issued as agriculture remained consistent
throughout the analysis period, while those of metals
showed a decline, consistent with the trends seen in other
metrics. Shipments categorized as ‘‘other’’ showed an
upward trend throughout the analysis period. The growth
accelerated following the enactment of the bill, going from
a cumulative monthly distance of just over 60,000 miles in
January 2022 to over 160,000 miles by March 2023.

10.3.4 Trends of the Trip ESALs

Figure 10.11 presents the total monthly ESALs for
OW trips by commodity type, while the average trip
ESALs are presented in Figure 10.12. Total monthly
ESALs for agriculture permits trend upwards in the
period before the law was implemented, while the



Figure 10.3 Total monthly ESALs by issue type (HEA 1190-2021 implementation date is shown as green dotted line).
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period after seeing higher monthly fluctuations, even
though on average the trend shows a downward
movement. The average trip ESALs for agriculture
commodities remained constant throughout the analysis
period. Permits for metals saw a downward movement
in the total monthly ESALs for both periods, while the
average remained mostly consistent, with a slight
downward movement in the after period. Commodities
classified as ‘‘other’’ saw an upward trend in monthly
total ESALs for both periods, with greater variation in
the after period. The average monthly ESALs decreased
after the law. This suggests that after the law’s
implementation, carriers loaded their trucks at lower
payloads but undertook more trips.

10.3.5 Trends of the Shipment Weight

Figure 10.13 and Figure 10.14 present trends in trip
shipment weights for OW permits by commodity type.

Figure 10.13 shows the total monthly trip shipment
weights while Figure 10.14 shows the average trip
shipment weight. With minor fluctuations from month
to month, the shipment weights for commodities issued
as metals remained constant over the analysis period,
both in terms of total and average weight. Commodities
classified as ‘‘other,’’ on the other hand, saw an upward
trend in the shipment weight over the analysis period.
While the total monthly shipment weight under this
category increased steadily, the average weight did not
increase in the same way. This implies that during the
analysis period, the number of permits issued for
commodities classified as ‘‘other’’ increased. This is
confirmed by the trends shown in Figure 10.8, which
shows the number of permits issued as ‘‘other’’
increasing in both the before and after periods. The
law, therefore, does not appear to have had a significant
influence on the permits for commodities issued as
‘‘other.’’



Figure 10.4 Total monthly weight by issue type (HEA 1190-2021 implementation date is shown as green dotted line).
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10.3.6 Trends of the Shipment Weight by Commodity
Type

Permits for commodities issued as agriculture, on the
other hand, did see a change in the trend as it relates to
the periods before and after the law was implemented.
In the before period, the total monthly shipment weight
for permits under this category was increasing, while
the average for the same period remained fairly
constant, with a very slight uptick. The after period,
however, saw a reversal of this trend, with the number
total shipment weight declining from an average of
5.5 million lbs. in January 2022 to approximately
3.5 million lbs. by March 2023. At the same time, the
average shipment weight increased, from approx.
96,000 lbs. per trip in January 2022 to well over

110,000 lbs. per trip by March 2023. This would imply
that fewer trips were taken under this category after the
law was implemented, however, the trucks were loaded
heavier than before. This is also confirmed by the
trends shown in Figure 10.8, where the number of
permits issued under this category decreased once the
law was implemented, along with the total monthly
ESALs (Figure 10.11). However, the average ESALs
remained constant over the same period, signifying that
the trucks did not change their axle configurations in
response to the law, but instead took fewer trips.

10.4 Chapter Summary

This chapter presented an analysis of the trends in
the number of permits OW permits in the periods prior



Figure 10.5 Average trip weight by issue type (HEA 1190-2021 implementation date is shown as green dotted line).
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to and after the implementation date of HEA 1190-2021.
The analyses were presented for the number of permits,
total and average weight, distance, and vehicle ESALs.
These trends were categorized by permit issue type
(yearly or grandfathered) as well as by commodity type.

The number of permits issued saw a continued
decline in the trend for grandfathered permits, showing
a 15% decline in the number of permits issued in the
before period, while the after period saw a more modest
4% decline. The period following the bill’s implementa-
tion date still trends downwards, albeit slower than
before. The yearly total category shows an upward
trend in both the before and after periods. The average
trip ESALs for grandfathered permits show a reversal
in the trend from an increase in the before period to a

decrease in the after period. The yearly total, on the
other hand, appears to show the opposite trend, moving
from a decreasing trend in the before period to an
increase in the after period. The total monthly trip
ESALs show a more consistent trend for both yearly
total and grandfathered permits. Grandfathered per-
mits show a decline in both periods while yearly total
permits show an increase in both the before and after
periods.

When viewed by commodity type, there exist
significant variations in the trends of the number of
permits issued, as presented in Figure 10.8. For
agriculture permits, the trend was upward in the period
before the law was implemented, observing that the
number of issued permits increased from approximately



Figure 10.6 Average trip mileage by permit issue type (HEA 1190-2021 implementation date is shown as green dotted line).
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35 in July 2021 to approximately 65 by January 2022.
However, the period following the enactment of HEA
1190-2021 saw these permits decrease steadily, with
only approximately 30 permits being issued by April
2023. Permits issued under the metals category
remained largely consistent over the analysis period.

Shipments for permits issued as agriculture remained
consistent throughout the analysis period, while those
of metals showed a decline, consistent with the trends
seen in other metrics. Shipments categorized as
‘‘Other’’ showed an upward trend throughout the
analysis period.



Figure 10.7 Total monthly trip distance by permit issue type (HEA 1190-2021 implementation date is shown as green dotted
line).
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Figure 10.8 Number of permits issued by commodity type.
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Figure 10.9 Average trip distance by commodity type.
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Figure 10.10 Total trip distance by commodity type.
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Figure 10.11 Cumulative monthly ESALs for OW trips by commodity type.
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Figure 10.12 Average trip ESALS for OW trips by commodity type
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Figure 10.13 Total OW monthly shipment weights by commodity type.
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Figure 10.14 Average shipment weight for OW permits by commodity type.
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CHAPTER 11. A SURVEY OF THE CARRIERS

In addition to the analyses discussed earlier in this
report, the research team conducted a survey among
carriers in the state to gauge their sentiments and
perspectives on issues related to oversize and overweight
(OW) operations and permitting. The survey comprised
20 questions, covering two primary areas: (1) the

condition of infrastructure and its impact on OW opera-
tions, and (2) carrier opinions on the existing permit fee
structure and load limits. Responses were received from
sixteen participants, and a summary of the questions and
their corresponding answers has been compiled. To
facilitate a clearer understanding of the results, this sec-
tion is organized into six themes, each accompanied by
graphs to facilitate visualization of the survey outcomes.



11.1 Vehicle Operations and Road Maintenance

Survey question 1 sought respondents’ opinions on
the extent to which they agreed with the assertion that
traffic loading primarily contributes to pavement
deterioration, leading to heightened vehicle operating
costs due to poorly maintained pavements. As illu-
strated in Figure 11.1, the findings reveal that 40% of
respondents either strongly agreed or somewhat agreed
with the statement, while 35% expressed a neutral
stance. The remaining 25% of participants disagreed
with the given statement. Figure 11.1 provides a concise
overview of the survey responses to question 1.

Question 2 of the survey inquired about respondents’
levels of concern regarding pavement damage resulting
from OW vehicles. Figure 11.2 summarizes the results
pertaining to this question.

The survey results indicate a notable consensus
among respondents regarding concerns related to
pavement damage caused by OW vehicles. Nearly half
of the participants expressed a high level of concern,

with 35% indicating a moderate level of concern, and
slightly over 5% stating extreme concern. The remain-
ing 12% reported no concern at all. Among those who
expressed no concern, some attributed their stance to
the belief that pavement deterioration was primarily
caused by general traffic loading, and OW operations,
constituting a small portion of total traffic, were
perceived to contribute minimally to pavement damage
compared to other traffic. It is crucial to highlight,
however, that despite representing a small fraction of
traffic volume, OW vehicles significantly contribute to
load-related pavement deterioration. This is attributed
to the fact that pavement deterioration is influenced by
ESAL, and OW vehicles generate far more ESALs
compared to normal weight vehicles.

When questioned about their likelihood of adding an
additional axle to their vehicles to mitigate pavement
deterioration and consequently reduce their permit fees,
35% of respondents expressed a strong inclination to do
so. Approximately 12% stated they would be somewhat
likely, while 12% remained neutral. Conversely, nearly

Figure 11.1 Survey responses to question 1.

Figure 11.2 Survey responses to question 2.
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40% of participants indicated that they would be
unlikely or somewhat unlikely to add more axles for
this purpose, and 6% deemed the question not
applicable (refer to Figure 11.3). Among those disin-
clined or somewhat disinclined, some cited the existing
policies in other states, like Michigan, mandating
additional axles for OW vehicles, yet not significantly
improving road conditions compared to Indiana or
Ohio, which currently lack such policies. Others high-
lighted the prohibitive costs associated with adding an
axle, pointing to expenses such as tires, increased
maintenance, and elevated tare weight due to the extra
axle. This additional weight raised concerns for some,
as it could impact payload capacity in areas where OW
loading is restricted. Furthermore, respondents engaged
in specific operations, such as dump trucks operating
in urban environments, emphasized that adding more
axles could diminish maneuverability, thereby hinder-
ing their operational efficiency.

Survey question 5 inquired whether respondents
would contemplate reducing the maximum weight of
their trucks or adding an axle if the state offered a
financial incentive. The responses are illustrated in
Figure 11.4. The findings reveal that 56% of partici-
pants answered affirmatively, while 38% responded
negatively. Among those who responded negatively,
some cited concerns about increased maintenance costs
and ongoing expenses for tires, even if the state
provided financial incentives to cover the initial cost
of axle installation. Regarding the idea of reducing the
maximum weight of their trucks, respondents expressed
reluctance, asserting that it was not in their business
interest to lower the maximum weight as it would
diminish their payload capacity.

Among the respondents willing to consider a state
incentive for adding an axle or reducing the maximum
weight of their trucks, when asked about the preferred
type of incentive, a significant majority—over half—

Figure 11.3 Survey responses to question 3.
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Figure 11.4 Survey responses to question 5.



expressed a preference for a blanket fee (annual fee or
annual permit). Only 11% favored a fee for each
oversize/overweight (OSOW) trip, and an even smaller
percentage opted for a fee per ESAL per mile. Nearly
25% stated that this option was not applicable to their
specific situation. Figure 11.5 provides a visual repre-
sentation of these responses.

When asked to specify the average cost range of
adding an axle to a single truck, 41% of respondents
indicated an average cost falling between $12,500 and
$15,000, as depicted in Figure 11.6. Approximately 18%

of respondents stated the average cost to be in the range
of $10,000 to $12,500, with an equal percentage
indicating a range of $7,500 to $10,000. It is evident
from the responses that the actual direct cost of axle
addition varies significantly, influenced by factors such
as location, vehicle type, and other considerations.
Notably, several respondents commented on the use of

the term ‘‘truck’’ in the question, pointing out that there
is a distinction between the ‘‘truck’’ and the ‘‘trailer.’’ In
the context of the question, axle addition was envisioned
for the trailer, not the ‘‘truck’’ itself. Consequently, some
respondents chose not to provide an average cost
estimate, instead selecting ‘‘not applicable.’’ They
clarified that adding an axle to a ‘‘truck’’ would entail
replacing the entire vehicle, as trucks are not easily
modified in the same way as trailers. Consequently, such
a modification would be deemed almost impractical,
particularly for businesses operating entire fleets.

Survey question 8 inquired about the threshold at
which respondents would consider adding an axle rather
than paying the permit fee, comparing it to the cost of
axle addition. Approximately 18% of respondents stated
a preference for adding an axle if the permit fee slightly
exceeded 5% of the cost of axle addition. Six percent
(6%) of participants indicated they would consider

Figure 11.5 Survey responses to question 6.

Figure 11.6 Survey responses to question 7.

74 Joint Transportation Research Program Technical Report FHWA/IN/JTRP-2024/16



adding an axle if the permit fee just exceeded 10% of the
axle addition cost. An equal percentage set their
threshold at 20% and 25% of the axle addition cost,
respectively. Notably, nearly half of all respondents
opted for the ‘‘not applicable’’ option, indicating that
they did not establish a specific threshold at which they
would consider adding an axle instead of paying the fee.
Figure 11.7 provides a summary of these responses.

11.2 Overweight Trips

Nearly 50% of the respondents indicated that less
than 50% of their truck trips were OW, while 31%

reported that 50%–100% of their truck trips fell into the
OW category. However, as depicted in Figure 11.8, the
majority (approximately 38) stated that 0%–10% of
their truck trips were OW. Most respondents (6 out of
16, acknowledging the limited sample size) mentioned

that their company’s trucks undertake more than 100
OW trips monthly. It is important to note that drawing
conclusive insights from this small number of responses
may be challenging. One respondent noted a significant
decline in their operations using OW permits following
the last permit fee increase. The majority (56%) of
respondents reported transporting OW loads to other
states, with the most common destinations being Ohio
(38%), Michigan (29%), and Kentucky (24%).

11.3 Trailers and Axles

Most respondents (approximately 81%) reported that
a typical tractor in their company was attached to one
trailer. However, opinions on adding at least one
additional axle were varied, as illustrated in Figure
11.9. Approximately 75% of respondents stated that it
would cost them between $7,500 and $15,000 to add an

Figure 11.7 Survey responses to question 8.

Figure 11.8 OW truck trips: granular.
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axle (Figure 11.10). One notable concern expressed by
respondents was the indirect costs associated with axle
addition, including downtime, expenses for tires, and the
logistical challenge of adding axles to a large fleet. Other
concerns raised included trucks already operating at the
maximum number of axles (seven) and the necessity of
having a smaller base to maneuver around job sites.

11.4 Financial Incentives from the State and Permit Fees

A significant majority of respondents (62.5%)
believed that Indiana’s OW permit fees were either
comparable to or higher than those in other states.
A substantial portion, approximately 44% (refer to
Figure 11.11), expressed an extreme opinion that these

fees were very high. The remaining respondents (32.5%,
as indicated in Figure 11.11) either did not provide an
answer or did not find it relevant to decide on adding
an axle based on the permit fee.

Few respondents indicated a willingness to con-
sider adding an axle if the permit fee increased to
approximately 5% of the cost of an additional axle
(see Figure 11.12). Even fewer would contemplate
this option if the permit fee reached as high as 20%–
25% of the additional axle cost. Most respondents
did not provide an answer to this question.

Approximately 38% of respondents indicated
that financial levers would motivate them to add
axles, while a nearly equal number, around 31%,
stated that financial incentives or levers would not

Figure 11.9 Propensity to add an extra axle.

Figure 11.10 Cost of adding an extra axle.
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Figure 11.11 Benchmarking Indiana’s OW permit fees.

Joint Transportation Research Program Technical Report FHWA/IN/JTRP-2024/16 77

Figure 11.12 Axle cost and permit fee.

be a motivating factor for them. However, the
majority (50%, as illustrated in Figure 11.13)
considered a blanket fee, such as an annual permit,
as the most favorable option in terms of providing
incentives.

11.5 Indiana Roads

Respondents reported that almost all the listed
highways (I-64, I-65, I-69, I-70, I-74, I-80, I-90, and
I-94) were used to a similar extent for transporting OW
loads. Approximately 69% of respondents indicated
that the pavement conditions on Indiana highways
where they conducted OW operations were either fair
or good. Only three of the respondents felt that the
pavement condition of Indiana highways was generally
relatively poor.

Most responses in Figure 11.14 indicated that
Indiana’s pavements were either superior to or at par
with those of the states considered in the survey, includ-
ing Ohio, Michigan, Illinois, Wisconsin, and Kentucky.
When comparing Indiana’s pavements to those of each
specific state, as few as 62.5% of respondents rated
Indiana’s pavements as superior to or at par with Illinois,
while as many as 90% rated Indiana’s pavements as
superior to or at par with Michigan.

11.6 Dashboards

Most respondents, comprising approximately 56%,
expressed a willingness to utilize an online dashboard
provided by the state. This online dashboard would
facilitate the input of various metrics (such as
payload, axle configuration, trip distance, and other



Figure 11.13 State financial incentives.
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Figure 11.14 Freight transport industry perceptions of Indiana pavement quality compared to other states.

relevant factors) for a given OW trip, generating an
estimate of the associated permit fee. Respondents
highlighted the importance of specific functionalities
for the dashboard, including the following.

N Integration Capability: The ability to integrate with
freight transportation management systems, streamlining
the process and automating the issuance of permits,
particularly if on a per-load basis.

N Confirmation and Timely Updates: Confirmation of
permit receipt and an estimate of when the permit would
be distributed, providing transparency and clarity in the
process.

N Dashboard Elements: Desire for relevant dashboard
elements, such as a permit history feature, information
on trip duration, and map views for enhanced visibility
and tracking.

While a significant portion of respondents saw merit
in the proposed online dashboard, one respondent held
a different perspective, suggesting that the primary
focus should be on addressing the fundamental issue
of adding an additional axle and increasing the legal
weight capacity.

11.7 Chapter Summary

The survey results indicate that fewer respondents
run trips with more than 50% being OW, and the
number of OW trips has decreased after the increase in
permit fees. Many respondents noted a reluctance to
add an additional axle to their trucks, citing a projected
cost of nearly ten thousand dollars and expressing a
preference to avoid this modification. Apart from direct



costs, respondents highlighted indirect costs and other
concerns associated with adding axles. Most respon-
dents indicated that Indiana pavements are in better
or similar condition compared to pavements in other
states where they haul trucks. The survey suggested that
companies would be interested in using online dash-
boards to estimate permit fees, with respondents
suggesting specific features. However, there was a
common sentiment among respondents that the dash-
board might have little impact on the primary issue of
OW permit fees. A recurring theme in the responses was
the desire for Indiana to align its policies consistently
with those of neighboring states to facilitate smoother
operations for companies. Such consistency with
neighboring states was identified as a key consideration
by survey participants.

CHAPTER 12. SUMMARY AND CONCLUSIONS

12.1 Actual and Anticipated Impacts of HEA 1190-2021
on the Volume of Single-Trip and Annual Permits Issued

The analysis of the trend of number of permits issued
monthly prior to and after HEA 1190-2021 implemen-
tation suggests that HEA 1190-2021 caused (or, at least,
coincided with) a reversal of the trend of permit counts
(from a gently declining trend to a gently increasing
one). There were monthly fluctuations of varying
magnitude, but the overall trend is clear: a slight
downward trajectory in the period leading to HEA
1190-2021 and a slight upward trajectory in the months
following the legislation. A plausible explanation for
the increase in the permit count after the implementa-
tion of HEA 1190-2021, is that HEA 1190-2021
expanded the list of items that could be counted in
the OW divisible load category. By removing the list of
commodities and specific weight limitations for certain
commodities from the definition of ‘‘overweight divi-
sible loads,’’ the bill expanded the commodities that
could be included. As a result, carriers responded by
obtaining more OW permits to ship the now included
commodities as OW.

12.2 Actual Infrastructure Conditions and Safety
Performance at the Permitted Routes

Chapter 5 of this report presented the analysis of the
impacts of OW loading on infrastructure consumption
and safety performance at permitted routes. The results
showed that routes that experience higher cumula-
tive loads see their PCR decrease faster than their
counterparts. The difference in loading, and conse-
quently the change in PCR is more pronounced in some
routes than others. For example, Figure 5.4 presents
these differences for US-31 and US-13. The cumulative
loading on US-31 is nearly ten times that experienced
by US-13. Consequently, the PCR on US-31 is on
average 15 points lower than that on US-13 for the
analysis period. On the other hand, the difference in
cumulative loading experienced by US-231 is only
approximately 30% higher than that of US-41 (Figure

5.5). As a result, the difference in PCR between US-231
and US-41 is not as pronounced. Similar variations are
observed for other figures.

Taken together, the routes with higher cumulative
loads experience on average approximately 70,000 more
ESALs than their counterparts and see PCR drops of
six points on average. This translates into an average
deterioration rate of 0.11 PCR points/1,000 ESALs of
OW loading. At a marginal PDC of $0.55/ESAL-mile
(Ahmed, Agbelie, et al., 2013), this translates into
approximately $3,778/mile in pavement damage cost
due to OW operations. This implies that OW opera-
tions account for an additional $3,778/mile in main-
tenance and rehabilitation costs at permitted routes
compared with normal weight loading.

The results of the safety analysis showed that
throughout the analysis period, the crash rates show a
consistent trend, with no impact from the law. A
decline in crash rates is noted across the board in 2020,
but this can largely be attributed to the COVID 19
pandemic and reduced traffic it caused. Following the
waning of the pandemic, the crash rates appear to
increase accordingly and getting back to pre-pandemic
levels by the end of 2022. A statistical test comparing
the mean crash rates at the permitted routes for the
period before and after the implementation date of the
law showed that across all the categories, no statisti-
cally significant difference was found between the mean
number of crashes for the periods before and after at
95% level of confidence (5% level of significance). We
can conclude therefore, that based on the available
data, there is no evidence of any significant effect of the
interim policy on safety performance at the permitted
routes.

12.3 Prospects for OW Fee Revision to Incentivize User
Behavior to Protect Infrastructure

The analyses presented in Section 5.1 and Chapter 11
show that the average GVW exhibits a downward
trajectory over the analysis period (see Figure 5.2). It
can be observed that even before the legislation was
implemented, the average vehicle weight for OW
divisible loads was declining. This did not change with
the interim permit fees. Therefore, it could be inferred
that the new fee structure did not significantly change
the average vehicle weight for OW divisible loads.
A similar conclusion can be drawn regarding the
average damage caused by each OW truck (as shown
in the chart for the mean vehicle ESALs (Figure 5.3)).

These illustrations indicate that although INDOT
has concerns regarding infrastructure consumption at
permitted routes, there is no evidence to suggest that
there was any significant increase in average OW traffic
loading (GVW) or pavement damage (ESALs) caused
by each OW truck after the HEA 1190-2021 was
implemented. On the contrary, it can be inferred that
the downward trajectory for the average weight and
average ESAL (which continued after HEA 1190-2021
was implemented) is indicative of the impact of the
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legislation in terms of its promotion of continued
decline in loading and damage.

Continuance of the decline in average shipment loads
and average damage, even with a higher number of
permits, generally bodes well for the road infrastruc-
ture. Therefore, it seems reasonable to state that
infrastructure consumption is decreasing because of
the HEA 1190-2021 legislation. Additional data items
spanning a longer analysis period after the implementa-
tion of HEA 1190-2021, will be needed to make such a
determination.

12.4 Impact of the Existing Fee Structure on Shippers
and Carriers, Including Their Investments (if any) in Axle
Addition

The addition of an axle is associated with significant
cost (estimates are approximately $7,500, https://www.
heavyequipmentforums.com/). This will also lead to
costs of preventive and remedial maintenance, esti-
mated at approximately 10% of the purchase cost per
year, in tire replacement, and maintenance of other
parts on the added axle. With an added axle, shippers
and carriers can load more and will enjoy the 2.4 ESAL
credit to a larger extent and frequency. A rough
estimation of the payback period is approximately 8–
14 months, for an OW truck that has an average OW
load and travels over distances equal to the average of
all OW trips.

12.5 Financial Levers INDOT Can Use to Facilitate
Permitting and Freight Transportation Competitiveness
of the State

To incentivize user behavior that will reduce infra-
structure consumption, INDOT could implement a
permit fee surcharge for OW operations on certain
routes such as non-interstate routes or during certain
times of the year such the winter periods. This is
essential because pavement construction standards vary
by functional class. Interstates have the highest
construction standards, followed by NIS-NHS roads.
As such, interstate routes can handle more loading than
their NIS-NHS counterparts. Therefore, operating
the same OW truck on both routes results in greater
damage on the non-interstate route than the interstate.
To compensate for this disparity, INDOT could
implement a surcharge fee for each permit that includes
non-interstate routes. The surcharge fee can be a fixed
added to the permit fee or can be prorated per mile
calculated based on the non-interstate route distance
covered. Implementing this surcharge for the winter
periods, or for non-interstate routes, or both accounts
for the disparities in infrastructure construction due
to these varying factors. Similarly, in place of, or in
addition to a surcharge, INDOT could provide credits
for behaviors that preserve infrastructure such as
primarily using interstates for OW operations and
avoiding or reducing OW operations during the winter
months.

Another lever that can be considered is the provision
of incentives for carriers to add additional axles to their
trucks. Previously, carriers have been reluctant to add
axles to their axles, citing cost as the primary factor.
However, if INDOT can provide discounts or credits
that can help offset this cost, more carriers may be
willing to adopt this approach. Based on the results of
the survey conducted for this study (see Chapter 10),
most respondents indicated that they would be willing
to add an axle to their trucks if financial incentives were
provided. Since carriers have indicated a willingness to
take this approach, leveraging this gives INDOT a
financial lever that is both effective and potentially well
received. It is worth noting that such a lever would
constitute a financial lever, not a subsidy.

CHAPTER 13. RECOMMENDATIONS

13.1 Continuance of the Current Permit Fee Structure

The analysis presented in this report shows that the
change in permit fee from $0.07 per ESAL-mile to $0.25
per ESAL-mile will significantly increase the expected
revenue from OW permitting. This is because the trends
have shown that the new law does not significantly
impact the demand for OW operations. In fact, the
study found that the number of OW permits issued is
increasing despite the increased permit fee (Figure 5.1).
Although the average shipment weight is declining,
the increased number of permits compensates for this
decline, from the revenue adequacy perspective.
Clearly, the permit fee increase did not cause a reduced
demand for OW operations. More importantly, it is
observed that the new fees incentivized favorable
loading behavior by the freight industry. Therefore,
this report recommends that the current (interim)
permit fee of $0.25 per ESAL-mile should be main-
tained and made permanent after the interim period
expires.

13.2 Differential Permit Fee Across the Road Classes

A differential permit fee across the road classes
means having a surcharge for certain road classes. In
Chapter 6 of this report, the OW permit-fee revenue
was compared with the OW-induced pavement con-
sumption (Figure 6.6), and it was observed that the unit
damage cost for interstate routes is much lower than the
corresponding unit damage cost for non-interstate
routes for the same loading. This is in part because
interstate pavements are generally built to a higher
standard compared to non-interstates. Also, interstate
routes generally experience eight times as much traffic,
on average, as non-interstate routes. This implies that
the pavement damage cost for interstates is spread out
over a much larger user base and due to scale
economies, is relatively smaller compared to non-
interstates. Therefore, this report recommends that
INDOT add a surcharge to permit fees on OW
operations at non-interstate routes, to further protect
that class of infrastructure. Such a surcharge could be
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implemented as an increased ESAL-mile fee or as a
lump sum to annual permits requested for non-
interstate routes.

13.3 Differential Permit Fee Across the Seasons

Highway pavement subgrades and subbases often
consist of soils that have lower bearing strength in high
moisture regimes. Such moisture regimes are experi-
enced during the spring thaw season when these layers
become saturated because of runoff from melting ice
and snow. In addition, ice lenses in the subgrades
experience volumetric changes due to the change in
ambient soil temperatures during the thawing process,
and the effect of these volumetric changes translate to
the pavement surface as cracks. Thus, generally, the
spring thaw season is the time when the subgrades and
subbases have the least structural integrity. For this
reason, at least one Midwest state has imposed
restrictions on OW operations during this season.
This report recommends that Indiana should consider
either restricting OW operations during this season,
and/or imposing a surcharge on OW operations at this
time of year. This report recommends that INDOT
should commission a JTRP study to investigate this
issue, and to establish the appropriate period of
restriction and/or the surcharge amount to cover OW
damage to pavements at this time. The situation is
generally more pertinent at non-interstate highways,
and thus, any such surcharge fee could be applied to
non-interstates only.

13.4 Incentivizing Good User Behavior Through Permit
Fees: Surcharging vs. Crediting

From a public relations perspective, crediting could
be more acceptable tool to reward good road-user
behavior instead of surcharging to penalize poor
behavior, to achieve the same goal. Therefore, instead
of permit fee surcharging as suggested above for OW
operations at non-interstate highways or during the
spring thaw season, a more astute policy to protect the
infrastructure could be to provide credits or discounts
for OW operations at interstate highways or during
periods other than the spring thaw season.

13.5 Permit Fee Credits or Discounts for Adding an Axle

The previous experience in Indiana has been
characterized by the freight industry’s reluctance to
add axles to their trucks, citing cost as the primary
factor. Based on the survey feedback from the freight
transportation industry representatives in this study,
the industry is willing to add axles to their trucks,
particularly if financial incentives are provided. As
direct subsidies may be a violation of government
policy at the current time, this report suggests that
INDOT and INDOR could provide permit discounts
or credits to help recover some of this cost. Such a
financial lever could be not only acceptable but also

potentially effective and efficient to both stake-
holders.

REFERENCES

AASHTO. (2009, December). A synthesis of safety implica-
tions of oversize/overweight commercial vehicles. American
Association of State Highway and Transportation Officials.

AASHTO. (2010). Highway safety manual (1st ed.). American
Association of State Highway and Transportation Officials.

Abdelwahab, W. M. (1998). Elasticities of mode choice
probabilities and market elasticities of demand: Evidence
from a simultaneous mode choice/shipment-size freight
transport model. Transportation Research Part E: Logistics
and Transportation Review, 34(4), 257–266.

Adams, T., Perry, E., Schwartz, A., Gollnik, B., Kang, M.,
Bittner, J., & Wagner, S. (2013, August). Aligning oversize/
overweight fees with agency costs: Critical issues (Report
No. CFIRE 03-17). National Center for Freight and
Infrastructure Research and Education. https://
wisconsindot.gov/documents2/research/WisDOT-CFIRE-
project-0092-10-21-final-report.pdf

Aghabayk, K., Sarvi, M., & Young, W. (2012). Unders-
tanding the dynamics of heavy vehicle interactions in car-
following. Journal of Transportation Engineering, 138(12),
1468–1475.

Ahmed, A., Agbelie, B. R. D. K., Lavrenz, S., Keefer, M.,
Labi, S., & Sinha, K. C. (2013). Costs and revenues
associated with overweight trucks in Indiana (Joint
Transportation Research Program Publication FHWA/
IN/JTRP-2013/01). West Lafayette, IN: Purdue Univer-
sity. https://doi.org/10.5703/1288284314987

Ahmed, U., Drakopoulos, A., & Ng, M. (2013). Impact of
heavy vehicles on freeway operating characteristics under
congested conditions. Transportation Research Record,
2396(1), 28–37.

Ali, H., Nowak, A. S., Stallings, J. M., Chmielewski, J.,
Stawska, S., Babu, A. R., & Haddadi, F. (2020). Impact
of heavy trucks and permitted overweight loads on highways
and bridges now and in the future versus permit fees, truck
registration fees, and fuel taxes. Florida International
University.

Al-Qadi, I., Ouyang, Y., Meidani, H., Gungor, O. E., Petit,
A., Qiu, J., Wang, H., & Zhao, J. (2017). Development of a
proposed overweight vehicle permit fee structure in Illinois
(Research Report No. FHWA-ICT-17-004). Illinois Center
for Transportation. https://apps.ict.illinois.edu/projects/
getfile.asp?id55261

Babu, A. M. R. (2019). Quantifying the fatigue damage accu-
mulation in bridges [Doctoral dissertation, Auburn Uni-
versity]. https://etd.auburn.edu/handle/10415/7023

Bae, H.-U., & Oliva, M. G. (2012). Bridge analysis and
evaluation of effects under overload vehicles (Phase 2) (Final
Report No. CFIRE 02-03). National Center for Freight
and Infrastructure Research and Education.

Banerjee, A., Prozzi, J. A., & Prozzi, J. (2012). Evaluating the
effect of natural gas developments on highways. Trans-
portation Research Record, 2282(1), 49–56.

Bhattacharjee, D., Gould, R., Greenberg, E., & Kandel, M.
(2020, June 2). US freight after COVID-19: What’s next?
McKinsey & Company. Retrieved September 12, 2023,
from https://www.mckinsey.com/industries/travel-logistics-
and-infrastructure/our-insights/us-freight-after-covid-19-
whats-next

Bilal, M. K., Irfan, M., Ahmed, A., Labi, S., & Sinha, K. C.
(2010). A synthesis of overweight truck permitting (Joint

Joint Transportation Research Program Technical Report FHWA/IN/JTRP-2024/16 81

https://wisconsindot.gov/documents2/research/WisDOT-CFIRE-project-0092-10-21-final-report.pdf
https://wisconsindot.gov/documents2/research/WisDOT-CFIRE-project-0092-10-21-final-report.pdf
https://wisconsindot.gov/documents2/research/WisDOT-CFIRE-project-0092-10-21-final-report.pdf
https://doi.org/10.5703/1288284314987
https://apps.ict.illinois.edu/projects/getfile.asp?id=5261
https://apps.ict.illinois.edu/projects/getfile.asp?id=5261
https://etd.auburn.edu/handle/10415/7023
https://www.mckinsey.com/industries/travel-logistics-and-infrastructure/our-insights/us-freight-after-covid-19-whats-next
https://www.mckinsey.com/industries/travel-logistics-and-infrastructure/our-insights/us-freight-after-covid-19-whats-next
https://www.mckinsey.com/industries/travel-logistics-and-infrastructure/our-insights/us-freight-after-covid-19-whats-next


Transportation Research Program Publication FHWA/IN/
JTRP-2010/12). West Lafayette, IN: Purdue University.
https://doi.org/10.5703/1288284314260

Cambridge Systematics, Inc., & SRF Consulting Group, Inc.
(2006). Minnesota truck size and weight project final report.
Minnesota Department of Transportation. https://mdl.
mndot.gov/_flysystem/fedora/2024-11/MN-truck-size-and-
weight-project-final-report.pdf

Campbell, S., Swearingen, K. C., Honefanger, J. G., Keller,
T., Ray, D., Humphrey, D., Miller, D., Hisem, J. M.,
Pritchard, T., Guckes, A. C. M., Nelson, D., Fejes, A., &
Varner, S. (2009). Impact of permitted trucking on Ohio’s

transportation system and economy. Ohio Department of
Transportation.

Capps, G., Franzese, O., Knee, H., Lascurain, M. B., &
Otaduy, P. (2008). Class-8 heavy truck duty cycle project

final report (Report No. ORNL/TM-2008/122). Oak Ridge
National Laboratory.

Chung Li, M. A. (2022). A framework for multi-dimensional

assessment of the impacts of overweight vehicle operations

and a corridor-level case study [Master’s thesis, Purdue
University]. Purdue e-Pubs. https://doi.org/10.5703/1288284
317584

Chowdhury, M., Putman, B. J., Pang, W., Dunning, A., Dey,
K. C., & Chen, L. (2013). Rate of deterioration of bridges

and pavements as affected by trucks (Report No. FHWA-
SC-13-05). Glenn Department of Civil Engineering. https://
rosap.ntl.bts.gov/view/dot/27154

Coyle, M. (2007). Effects of payload on the fuel consumption of

trucks. Department for Transport. https://imise.co.uk/wp-
content/uploads/2017/09/RR5-Effects-of-Payload-on-the-
Fuel-Consumption-of-Trucks.pdf

Crockford, W. W. (1993). Weight tolerance permits (Techni-
cal Report FHWA/TX-94-1323-2F). Texas Transporta-
tion Institute. https://static.tti.tamu.edu/tti.tamu.edu/
documents/1323-2F.pdf

Dehghan-Niri, E., Cortes, D. D., Zamen, S., Alvidrez, F., &
Jauregui, D. (2020). Simplified comparison of oversize and
overweight vehicles permit fee structure in the U.S. western
states. Transportation Research Record, 2674(10), 963–988.

Dey, K. C., Chowdhury, M., Pang, W., Putman, B. J., &
Chen, L. (2014). Estimation of pavement and bridge
damage costs caused by overweight trucks. Transportation

Research Record, 2411(1), 62–71.

Dey, K. C., Chowdhury, M., Wiecek, M., & Dunning, A.
(2015). Infrastructure damage-cost-recovery fee for over-
weight trucks: Tradeoff analysis framework. Journal of

Transportation Engineering, 141(7), 04015008.

Dicleli, M., & Bruneau, M. (1995). Fatigue-based methodol-
ogy for managing impact of heavy-permit trucks on steel
highway bridges. Journal of Structural Engineering, 121(11),
1651–1659.

Dong, C., Dong, Q., Huang, B., Hu, W., & Nambisan, S.
(2017). Estimating factors contributing to frequency and
severity of large truck-involved crashes. Journal of

Transportation Engineering, Part A: Systems, 143, 1–9.

Everett, S. R. (2015). Overweight vehicle permitting alternatives

[Doctoral dissertation, Purdue University]. Purdue e-Pubs.
https://docs.lib.purdue.edu/open_access_dissertations/452/

Everett, S. R., Athigakunagorn, N., Woldermariam, W.,
Varadarajan, V., Arman, M., Roshandeh, A. M., Gkritza,
K., Labi, S., & Sinha, K. C. (2014). Impact of HB-1481 on

Indiana’s highway revenue generation, asset degradation,

modal distribution, and economic development and competi-

tiveness (Joint Transportation Research Program Publi-

cation No. FHWA/IN/JTRP-2014/14). West Lafayette, IN:
Purdue University. https://doi.org/10.5703/1288284315514

FHWA. (1997). 1997 Federal highway cost allocation study
final report. Federal Highway Administration. https://
rosap.ntl.bts.gov/view/dot/13475/dot_13475_DS1.pdf

FHWA. (2000). Addendum to the 1997 federal highway cost
allocation study final report. Federal Highway Admin-
istration.

FHWA. (2006). Bridge formula weights. https://ops.fhwa.dot.
gov/freight/publications/brdg_frm_wghts/bridge_formula_
all.pdf

FHWA. (2015). Compilation of existing state truck size and
weight limit laws [Webpage]. Federal Highway Admin-
istration. https://ops.fhwa.dot.gov/freight/policy/rpt_
congress/truck_sw_laws/app_a.htm

Florida Transportation Commission. (1993). Truck weights
and penalties in Florida. http://www.ftc.state.fl.us/
documents/Reports/Other/Truck_Weights_and_Penalties_
in_Florida_(July_1993).pdf

Fu, G., Feng, J., Dekelbab, W., Moses, F., Cohen, H., Mertz,
D., & Thompson, P. (2003). Effect of truck weight on bridge
network costs (NCHRP Report 495). Transportation
Research Board of the National Academies.

Gao, J., Liu, B., Kong, L., & Guo, Z. (2004). Study on the
influence of heavy vehicles on freeway safety. Proceedings
8th International Symposium on Heavy Vehicle Weights and
Dimensions, International Symposium on Heavy Vehicle
Weights, and Dimensions. Document Transformation
Technologies.

George, K. P., Rajagopal, A. S., & Lim, L. K. (1989). Models
for predicting pavement deterioration. Transportation
Research Record, 1215, 1–7.

Ghosn, M., Fiorillo, G., Gayovyy, V., Getso, T., Ahmed, S.,
& Parker, N. (2015, September). Effects of overweight
vehicles on NYSDOT infrastructure (Final Report No. C-
08-13). City College of New York.

Gibby, R., Kitamura, R., & Zhao, H. (1990). Evaluation of
truck impacts on pavement maintenance cost. Journal of
Transportation Research Record, 1262(1), 48–56.

Gungor, O. E., Petit, A. M. A., Qiu, J., Zhao, J., Meidani, H.,
Wang, H., Ouyang, Y., Al-Qadi, I. L., & Mann, J. (2019).
Development of an overweight vehicle permit fee structure
for Illinois. Transport Policy, 82, 26–35. https://doi.org/
10.1016/j.tranpol.2019.08.002

Hajek, J. J., Tighe, S. L., & Hutchinson, B. G. (1998).
Allocation of pavement deterioration due to trucks using a
marginal cost method. Transportation Research Record,
1613, 50–56.

Hewitt, J., Stephens, J., Smith, K., & Menuez, N. (1999).
Infrastructure and economic impacts of changes in truck
weight regulations in Montana. Transportation Research
Record, 1653(1), 42–51. https://iga.in.gov/legislative/2021/
bills/house/1190#digest-heading

Humphrey, T. F. (1998). Uniformity efforts in oversize/
overweight permits (NCHRP Synthesis of Practice 143).
Transportation Research Board.

IDOT. (2022). Oversize/overweight permits. Illinois Depart-
ment of Transportation. Retrieved May 23, 2022, from
https://idot.illinois.gov/doing-business/permits/Oversize-and-
Overweight-Permits/index

Indiana General Assembly. (2021). Indiana Code 2021: Title 9.
Motor vehicles; Article 20. Size and weight regulation.
Retrieved May 18, 2022, from https://iga.in.gov/laws/2021/
ic/titles/9#9-20

Indiana Legislative Services Agency Office of Fiscal and
Management Analysis. (2023). Fuel taxes. In Indiana

82 Joint Transportation Research Program Technical Report FHWA/IN/JTRP-2024/16

https://doi.org/10.5703/1288284314260
https://mdl.mndot.gov/_flysystem/fedora/2024-11/MN-truck-size-and-weight-project-final-report.pdf
https://mdl.mndot.gov/_flysystem/fedora/2024-11/MN-truck-size-and-weight-project-final-report.pdf
https://mdl.mndot.gov/_flysystem/fedora/2024-11/MN-truck-size-and-weight-project-final-report.pdf
http://dx.doi.org/10.5703/1288284317584
http://dx.doi.org/10.5703/1288284317584
https://rosap.ntl.bts.gov/view/dot/27154
https://rosap.ntl.bts.gov/view/dot/27154
https://imise.co.uk/wp-content/uploads/2017/09/RR5-Effects-of-Payload-on-the-Fuel-Consumption-of-Trucks.pdf
https://imise.co.uk/wp-content/uploads/2017/09/RR5-Effects-of-Payload-on-the-Fuel-Consumption-of-Trucks.pdf
https://imise.co.uk/wp-content/uploads/2017/09/RR5-Effects-of-Payload-on-the-Fuel-Consumption-of-Trucks.pdf
https://static.tti.tamu.edu/tti.tamu.edu/documents/1323-2F.pdf
https://static.tti.tamu.edu/tti.tamu.edu/documents/1323-2F.pdf
https://docs.lib.purdue.edu/open_access_dissertations/452/
https://doi.org/10.5703/1288284315514
https://rosap.ntl.bts.gov/view/dot/13475/dot_13475_DS1.pdf
https://rosap.ntl.bts.gov/view/dot/13475/dot_13475_DS1.pdf
https://ops.fhwa.dot.gov/freight/publications/brdg_frm_wghts/bridge_formula_all.pdf
https://ops.fhwa.dot.gov/freight/publications/brdg_frm_wghts/bridge_formula_all.pdf
https://ops.fhwa.dot.gov/freight/publications/brdg_frm_wghts/bridge_formula_all.pdf
https://ops.fhwa.dot.gov/freight/policy/rpt_congress/truck_sw_laws/app_a.htm
https://ops.fhwa.dot.gov/freight/policy/rpt_congress/truck_sw_laws/app_a.htm
http://www.ftc.state.fl.us/documents/Reports/Other/Truck_Weights_and_Penalties_in_Florida_(July_1993).pdf
http://www.ftc.state.fl.us/documents/Reports/Other/Truck_Weights_and_Penalties_in_Florida_(July_1993).pdf
http://www.ftc.state.fl.us/documents/Reports/Other/Truck_Weights_and_Penalties_in_Florida_(July_1993).pdf
https://doi.org/10.1016/j.tranpol.2019.08.002
https://doi.org/10.1016/j.tranpol.2019.08.002
https://iga.in.gov/legislative/2021/bills/house/1190#digest-heading
https://iga.in.gov/legislative/2021/bills/house/1190#digest-heading
https://iga.in.gov/legislative/2021/bills/house/1190#digest-heading
https://idot.illinois.gov/doing-business/permits/Oversizeand-Overweight-Permits/index
https://idot.illinois.gov/doing-business/permits/Oversizeand-Overweight-Permits/index
https://iga.in.gov/laws/2021/ic/titles/9#9-20
https://iga.in.gov/laws/2021/ic/titles/9#9-20


Handbook of Taxes, Revenues, and Appropriations: Fiscal

Year 2023. https://iga.in.gov/publications/handbook/2023-
12-11T19-56-58.167Z-FINALReformatHandbook2023_12.
11.pdf#page=35.05

INDOR. (2017). Oversize/overweight vehicle permitting hand-

book. Indiana Department of Revenue, Motor Carrier
Services Division. http://www.in.gov/dor/files/osowhand
book.pdf

INDOR. (2021a). Overweight permit fees. Indiana Department
of Revenue. https://www.in.gov/dor/files/osw-permitting-
memo-aug-2018.pdf

INDOR. (2021b). Indiana Department of Revenues: Annual

reports. Retrieved May 28, 2022, from https://www.in.gov/
dor/news-media-and-publications/annual-reports/

INDOR. (2022). FY21 annual report. Indiana Department of
Revenue. https://www.in.gov/dor/files/fy21-dor-annual-
report.pdf

Jacob, B., & Feypell-de La Beaumelle, V. (2010). Improving
truck safety: Potential of weigh-in-motion technology.
IATSS Research, 34(1), 9–15.

Krammes, R. A., & Crowley, K. W. (1986). Passenger car
equivalents for trucks on level freeway segments.
Transportation Research Record, 1091, 10–17.

Labi, S., & Sinha, K. C. (2003). The effectiveness of

maintenance and its impact on capital expenditures (Joint
Transportation Research Program Publication No.
FHWA/IN/JTRP-2002/27). West Lafayette, IN: Purdue
University. https://doi.org/10.5703/1288284313331

Lin, Z., Zhao, J., & Tabatabai, H. (2012). Impact of

overweight vehicles (with heavy axle loads) on bridge deck

deterioration (Report No. CFIRE 04-06). National Center
for Freight & Infrastructure Research & Education.

Lou, P., Nassif, H., Su, D., & Truban, P. (2017). Impact of
overweight trucks on the service life of bridge girders.
Transportation Research Record, 2642(1), 103–117.

Luskin, D. L., Harrison, R., Walton, C. M., Zhang, Z., &
Jamieson, J. L., Jr. (2000). Alternatives to weight tolerance

permits (Report No. FHWA-TX-00/0-4036-1). Center for
Transportation Research.

Luskin, D. M., & Walton, C. M. (2001). Effects of truck size

and weights on highway infrastructure and operations

(Project Summary Report 2122-S). Center for Trans-
portation Research, The University of Texas at Austin.
https://library.ctr.utexas.edu/ctr-publications/2122-s.pdf

McDonald, M. A., Brackstone, M., Sultan, B., & Roach, C.
(1997). Close following on the motorway: initial findings

of an instrumented vehicle study [Conference session].
Seventh International Conference series on Vision in
Vehicles, Marseille, France.

MDOT. (2019). Maximum legal truck loadings and dimensions

– Rules and guidelines, truckers services. Michigan
Department of Transportation. https://www.michigan.gov/
mdot/-/media/Project/Websites/MDOT/Business/Truckers/
Rules-and-Guidelines/Maximum-Legal-Truck-Loadings-
Dimensions.pdf

Middleton, D. R., Villarreal, A., & Blaschke, J. D. (1988).
Evaluation of oversize/overweight permit policy and fee

structure (Report No. FHWA/TX-90/1109-1). Texas Trans-
portation Institute.

Nassif, H., Ozbay, K., Na, C., Lou, P., Fiorillo, G., Park, C.,
& Demiroluk, S. (2019, August). Monitoring and control of

overweight trucks for smart mobility and safety of freight

operations. C2Smart. https://c2smart.engineering.nyu.edu/
wp-content/uploads/2019/08/C2SMARTFinalReport_
MonitoringOverweightTrucks_Nassif.pdf

Nassif, H., Ozbay, K., Wang, H., Noland, R., Lou, P.,
Demiroluk, S., Su, D., Na, C., Zhao, J., & Beltran, M.
(2015, September). Impact of freight on highway infrastruc-

ture in New Jersey (Report No. FHWA-NJ-2016-004).
Rutgers Infrastructure Monitoring and Evaluation (RIME)

Group. https://www.nj.gov/transportation/business/
research/reports/FHWA-NJ-2016-004.pdf

Neff, R., & Bai, Y. (2012). Developing a sustainable freight
transportation framework with the consideration of
improving safety and minimizing carbon emissions.
Sustainable Transportation Systems: Plan, Design, Build,

Manage, and Maintain. https://doi.org/10.1061/97807844
12299.0018

Noel, J. S., Keating, P. B., Mattox, M. J., & White, E. P.
(1992, December). Overload permit procedures (Report No.
FHWA/TX-92-1266). Texas Transportation Institute.

Nowak, A. S., Nassif, H. H., & DeFrain, L. (1993). Effect of
truck load on bridges. Journal of Transportation Engineer-

ing, 119(6), 853–867.

ODOT. (2014). Operational guide for vehicles operating with

an oversize/overweight special hauling permit. Retrieved May
23, 2022, from https://dx-authoring.myohio.gov/wps/portal/
gov/odot/working/publications/shp-op-guide#Section10
FEESCHEDULE

ODOT. (2019). Special hauling permit fee schedule. Retrieved
May 23, 2022, from https://www.transportation.ohio.gov/
wps/wcm/connect/gov/7ef36ed1-0bc9-47c2-8127-8eeaa175e
4ce/Fee-Schedule.pdf?MOD5AJPERES

Pigman, J. G., & Agent, K. R. (1999). Heavy truck involvement

in traffic accidents and related countermeasures (Report No.
KTC-99-20). Kentucky Transportation Center. https://
uknowledge.uky.edu/ktc_researchreports/352

Prozzi, J., Murphy, M., Loftus-Otway, L., Banerjee, A., Kim,
M., Wu, H., Prozzi, J. P., Hutchison, R., Harrison, R.,
Walton, C. M., Weissmann, J., & Weissmann, A. (2012).

Oversize/overweight vehicle permit fee study (Report No.
FHWA/TX-13/0-6736-2). Center for Transportation
Research. https://ctr.utexas.edu/wp-content/uploads/pubs/
0_6736_2.pdf

Reisert, J. A., & Bowman, M. D. (2006). Fatigue of older

bridges in northern Indiana due to overweight and oversized

loads, Volume 1: Bridge and weigh-in-motion measurements

(Joint Transportation Research Program Report No.
FHWA/IN/JTRP-2005/16-1). West Lafayette, IN: Purdue
University. https://doi.org/10.5703/1288284313378

Roshandeh, A., Everett, S., Athigakunagorn, N., & Labi, S.
(2016a, June 26–29). A methodology for assessing the

impacts of overweight truck operations on traffic safety and

mobility [Conference session]. ASCE International
Conference on Transportation & Development (ICTD),
Houston, Texas.

Roshandeh, A., Everett, S., Athigakunagorn, N., Labi, S., &
Sinha, K. C. (2016b). Assessing the impacts of overweight

truck operations on traffic safety and mobility [Conference
session]. Transportation Research Board, Washington, DC.

Salen, H. M. A. (2008). Effect of excess axle weights on
pavement life. Emirates Journal for Engineering Research,
13(1), 21–28.

Saraf, C. L. (1998). Pavement condition rating system: Review

of PCR methodology (Report No. FHWA/OH-99/004).
Resource International, Inc. https://rosap.ntl.bts.gov/view/
dot/20596/dot_20596_DS1.pdf

Small, K. A., Winston, C., & Evans, C. A. (1989). Road work:

A new highway pricing and investment policy. The Brookings

Institution.

Joint Transportation Research Program Technical Report FHWA/IN/JTRP-2024/16 83

https://iga.in.gov/publications/handbook/2023-12-11T19-56-58.167Z-FINALReformatHandbook2023_12.11.pdf#page=35.05
https://iga.in.gov/publications/handbook/2023-12-11T19-56-58.167Z-FINALReformatHandbook2023_12.11.pdf#page=35.05
https://iga.in.gov/publications/handbook/2023-12-11T19-56-58.167Z-FINALReformatHandbook2023_12.11.pdf#page=35.05
http://www.in.gov/dor/files/osowhandbook.pdf
http://www.in.gov/dor/files/osowhandbook.pdf
https://www.in.gov/dor/files/osw-permitting-memo-aug-2018.pdf
https://www.in.gov/dor/files/osw-permitting-memo-aug-2018.pdf
https://www.in.gov/dor/news-media-and-publications/annual-reports/
https://www.in.gov/dor/news-media-and-publications/annual-reports/
https://www.in.gov/dor/files/fy21-dor-annual-report.pdf
https://www.in.gov/dor/files/fy21-dor-annual-report.pdf
https://doi.org/10.5703/1288284313331
https://library.ctr.utexas.edu/ctr-publications/2122-s.pdf
https://www.michigan.gov/mdot/-/media/Project/Websites/MDOT/Business/Truckers/Rules-and-Guidelines/Maximum-Legal-Truck-Loadings-Dimensions.pdf
https://www.michigan.gov/mdot/-/media/Project/Websites/MDOT/Business/Truckers/Rules-and-Guidelines/Maximum-Legal-Truck-Loadings-Dimensions.pdf
https://www.michigan.gov/mdot/-/media/Project/Websites/MDOT/Business/Truckers/Rules-and-Guidelines/Maximum-Legal-Truck-Loadings-Dimensions.pdf
https://www.michigan.gov/mdot/-/media/Project/Websites/MDOT/Business/Truckers/Rules-and-Guidelines/Maximum-Legal-Truck-Loadings-Dimensions.pdf
https://c2smart.engineering.nyu.edu/wp-content/uploads/2019/08/C2SMARTFinalReport_MonitoringOverweightTrucks_Nassif.pdf
https://c2smart.engineering.nyu.edu/wp-content/uploads/2019/08/C2SMARTFinalReport_MonitoringOverweightTrucks_Nassif.pdf
https://c2smart.engineering.nyu.edu/wp-content/uploads/2019/08/C2SMARTFinalReport_MonitoringOverweightTrucks_Nassif.pdf
https://www.nj.gov/transportation/business/research/reports/FHWA-NJ-2016-004.pdf
https://www.nj.gov/transportation/business/research/reports/FHWA-NJ-2016-004.pdf
https://doi.org/10.1061/9780784412299.0018
https://doi.org/10.1061/9780784412299.0018
https://dx-authoring.myohio.gov/wps/portal/gov/odot/working/publications/shp-op-guide#Section10FEESCHEDULE
https://dx-authoring.myohio.gov/wps/portal/gov/odot/working/publications/shp-op-guide#Section10FEESCHEDULE
https://dx-authoring.myohio.gov/wps/portal/gov/odot/working/publications/shp-op-guide#Section10FEESCHEDULE
https://dx-authoring.myohio.gov/wps/portal/gov/odot/working/publications/shp-op-guide#Section10FEESCHEDULE
https://www.transportation.ohio.gov/wps/wcm/connect/gov/7ef36ed1-0bc9-47c2-8127-8eeaa175e4ce/Fee-Schedule.pdf?MOD=AJPERES
https://www.transportation.ohio.gov/wps/wcm/connect/gov/7ef36ed1-0bc9-47c2-8127-8eeaa175e4ce/Fee-Schedule.pdf?MOD=AJPERES
https://www.transportation.ohio.gov/wps/wcm/connect/gov/7ef36ed1-0bc9-47c2-8127-8eeaa175e4ce/Fee-Schedule.pdf?MOD=AJPERES
https://uknowledge.uky.edu/ktc_researchreports/352
https://uknowledge.uky.edu/ktc_researchreports/352
https://ctr.utexas.edu/wp-content/uploads/pubs/0_6736_2.pdf
https://ctr.utexas.edu/wp-content/uploads/pubs/0_6736_2.pdf
https://doi.org/10.5703/1288284313378
https://rosap.ntl.bts.gov/view/dot/20596/dot_20596_DS1.pdf
https://rosap.ntl.bts.gov/view/dot/20596/dot_20596_DS1.pdf


Straus, S. H., & Semmens, J. (2006). Estimating the cost of

overweight vehicle travel on Arizona highways (Report No.

FHWA-AZ-06-528). ESRA Consulting Corporation.

https://apps.azdot.gov/ADOTLibrary/publications/project_

reports/PDF/AZ528.pdf

TRB. (1990). Truck weight limits: Issues and options (Special

Report 225). The Transportation Research Board.

USACE. (2022). CWCCIS indices [Webpage]. https://www.

usace.army.mil/Cost-Engineering/cwccis/

USDOT. (2000a). Comprehensive truck size and weight study:

Volume I: Summary Report and Volume II: Issues and

background (Publication No. FHWA-PL-00-029). U.S.

Department of Transportation.

USDOT. (2000b). Comprehensive truck size and weight study:

Volume III: Scenario analysis, (Publication No. FHWA-PL-

00-029). The U.S. Department of Transportation.

USDOT. (2015). Highway safety and truck crash comparative

analysis. The U.S. Department of Transportation. https://

ops.fhwa.dot.gov/freight/sw/map21tswstudy/technical_rpts/

hstcanalysis.pdf

USDOT. (2020). Transportation statistics annual report 2020.

U.S. Department of Transportation Bureau of Transpor-

tation Statistics.

Vitaliano, D. F., & Held, J. (1990). Marginal cost road

damage and user charges. Quarterly Review of Economics

and Business, 30(2), 32–49.

Wang, X., Zhao, P., & Tao, Y. (2018). Evaluating impacts

of overloaded heavy vehicles on freeway traffic con-

dition by a novel multi-class traffic flow model.

Sustainability, 10(12), 4694. https://doi.org/10.3390/
su10124694

Whitford, R. K., & Moffett, D. P. (1995). Development of
annual permit procedure for overweight trucks on Indiana
highways (Joint Highway Research Project Publication
No. FHWA/IN/JHRP-95-5). West Lafayette, IN: Purdue
University https://doi.org/10.5703/1288284313190

WisDOT. (2021a). Multiple trip permit information. Wisconsin
Department of Transportation. Retrieved May 22, 2022,
from https://wisconsindot.gov/Documents/formdocs/
mv2614.pdf

WisDOT. (2021b). Oversize/overweight single trip permit
information. Wisconsin Department of Transportation.
Retrieved May 22, 2022, from https://wisconsindot.gov/
Documents/formdocs/mv2600.pdf

Yoder, E. J., Colucci-Rios, B., Fraczek, J. J., & Skees, J. A.
(1979). Effects of raising load limits on pavements and
bridges in Indiana (Joint Highway Research Project
Publication No. IN/JHRP-79-23). West Lafayette, IN:
Purdue University.

Yoo, H., & Green, P. (1999). Driver behavior while following
cars, trucks, and buses (Technical Report UMTRI-99-14).
University of Michigan Transportation Institute.

Zhao, J., & Tabatabai, H. (2009). Analysis of permit vehicle
loads in Wisconsin (Report No. Program WHRP 09-03).
University of Wisconsin-Milwaukee Department of Civil
Engineering & Mechanics.

Zhou, H. W., Li, G. X., & Shi, K. T. (2012). Jiangsu freeway
traffic condition. Jiangsu Freeway Network Operation &
Management Center.

84 Joint Transportation Research Program Technical Report FHWA/IN/JTRP-2024/16

https://apps.azdot.gov/ADOTLibrary/publications/project_reports/PDF/AZ528.pdf
https://apps.azdot.gov/ADOTLibrary/publications/project_reports/PDF/AZ528.pdf
https://www.usace.army.mil/Cost-Engineering/cwccis/
https://www.usace.army.mil/Cost-Engineering/cwccis/
https://ops.fhwa.dot.gov/freight/sw/map21tswstudy/technical_rpts/hstcanalysis.pdf
https://ops.fhwa.dot.gov/freight/sw/map21tswstudy/technical_rpts/hstcanalysis.pdf
https://ops.fhwa.dot.gov/freight/sw/map21tswstudy/technical_rpts/hstcanalysis.pdf
https://doi.org/10.3390/su10124694
https://doi.org/10.3390/su10124694
https://doi.org/10.5703/1288284313190
https://wisconsindot.gov/Documents/formdocs/mv2614.pdf
https://wisconsindot.gov/Documents/formdocs/mv2614.pdf
https://wisconsindot.gov/Documents/formdocs/mv2600.pdf
https://wisconsindot.gov/Documents/formdocs/mv2600.pdf


APPENDICES

Appendix A. Observed Aggregate OW Loading Practices 2017–2019

Appendix B. Summary of INDOT’s Recommended OW Permit Fee Structure During the Interim Period

Appendix C. Unit Costs of OW Damage to Bridges

Appendix D. Indiana’s HEA 1190-2021 Overweight Truck Permits (Summary)

Appendix E. Indiana’s HEA 1190-2921 Overweight Truck Permits (Details)

Appendix F. Conceptual Relationship Between Pavement Damage Cost and Truck GVW

Appendix G. Overweight Operations: The Positive Impacts (Trips Reduction) and the Negative (Traffic Impairment)
Impacts on Safety and Mobility

Appendix H. Using the ‘‘Price-Elasticity of Demand’’ Concept to Estimate Safety Performance Changes

Joint Transportation Research Program Technical Report FHWA/IN/JTRP-2024/16 85



 APPENDIX A. OBSERVED AGGREGATE OW LOADING PRACTICES 2017–2019 
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(b) 2018 

(c) 2019 
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APPENDIX B. SUMMARY OF INDOT’S RECOMMENDED OW PERMIT FEE STRUCTURE 
DURING THE INTERIM PERIOD 

Source: INDOR, 2021a 
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APPENDIX C. UNIT COSTS OF OW DAMAGE TO BRIDGES 

Table C.1 Estimates of bridge damage cost by road class, bridge material type, age, for truck class 
HS20–HS31 (Ahmed et al., 2012) 
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Table C.2 Estimates of bridge damage cost by road class, bridge material type, age, for truck class 
HS31–HS40 (Ahmed et al., 2012) 
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Table C.3 Estimates of bridge damage cost by road class, bridge material type, age, for truck class 
HS41–HS50 (Ahmed et al., 2012) 
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APPENDIX D. INDIANA’S HEA 1190-2021 OVERWEIGHT TRUCK PERMITS 
(SUMMARY) 

Bill Summary 
Overweight truck permits . Makes  certa in changes  to the maximum gros s  vehicle weight limit. Provides  that the 
Indiana department of trans porta tion (department) may is s ue an overweight permit for trans porting overweight 
vehicles  and loads  carrying res ources  on certa in highways  in the s ta te highway s ys tem. Provides  a  civil penalty for 
deviation from an approved route. Provides  that the department s hall recalcula te and apply permit fees  for annual 
and trip permits  bas ed on the 2014 Purdue Study, and s hall cons ider the impact of overweight divis ible loads  on 
roads  and highways . Provides  that not more than 8,500 trip permits  may be is s ued annually for applicants  with a tota l 
equivalent s ingle axle load calcula tion more than 2.40 equivalent s ingle axle load credit. Provides  that the trip permit 
limit does  not include overweight divis ible load permits  obta ined by s hippers  and carriers  that obta ined permits 
before J anuary 1, 2021. Provides  that the department may temporarily increas e the number of overweight divis ible 
load permits  is s ued by order of the commis s ioner in res pons e to an emergency or changes in market conditions . 
Provides  that the department may limit the number of overweight divis ible load permits  is sued to an individual 
applicant. Allows  the department to s us pend the overweight divis ible load permitting program under certa in 
conditions . Requires  the department to adopt rules  due to lack of trans portation options  for certa in res ources , s upply 
chain interruptions , or s upply dock backlogs . Provides  that the department s hall is s ue a report to the legis la tive 
council and the interim s tudy committee on roads  and trans porta tion regarding the fee s tructure of overweight 
divis ible load permits , and regarding the impact of overweight divis ible loads  on roads  and highways  by J uly 1, 2023. 
Requires , beginning J uly 1, 2022, annual reports  from the department to the legis la tive council and the interim s tudy 
committee on roads  and transporta tion regarding market fluctuation in the number of overweight divis ible load 
permits  is s ued during the previous  year. Requires , beginning J uly 1, 2022, the Indiana s tate police department and the 
Indiana department of trans porta tion to s ubmit annual reports  to the legis la tive council and the interim s tudy 
committee on roads  and transporta tion regarding the number of accidents  involving applicants  permitted for 
overweight divis ible loads  which s hould include the number of accidents  res ulting in property damage, and the 
number of accidents  res ulting in pers onal injury. Requires  the department to provide a  report on J uly 1, 2026, and 
J uly 1, 2030, to the legis lative council and the interim s tudy committee on roads  and trans porta tion regarding the 
impact of overweight divis ible loads  on roads , highways , and accidents  res ulting in property damage or pers onal 
injury. Requires  the interim s tudy committee on roads  and trans porta tion to provide a  final report on October 31, 
2026, that recommends  or oppos es an overweight divis ible load maximum weight increas e to 110,000 pounds . 
Requires  the interim s tudy committee on roads  and trans porta tion to provide a  final report on October 31, 2030, that 
recommends  or oppos es  an overweight divis ible load maximum weight increas e to 120,000 pounds . Provides  that a 
local authority may apply for and grant permits  for trans porting overweight divis ible loads  on local s treets  under the 
control of the local authority. Provides  a  civil penalty for deviation from an approved local route. Makes  conforming 
changes . 

Subject 
No s ubjects  lis ted 

Sponsors (7) 
Mike Bohacek (R)*, J on Ford (R)*, Ron Grooms (R)*, David Niezgods ki (D)*, J im Pres s el  (R)*, Bob Heaton (R), Edmond 
Soliday (R), 

Last Action 
Public Law 179 (on 04/ 29/ 2021) 

Official Document 
http:/ / proxy.legis can.com/ iga .php 

BillTrack*50* © 2011-2023 | 

Source: BillTrack50. (n.d.). IN HB1190, Overweight truck permits. https://www.billtrack50.com/billdetail/1258789 
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APPENDIX E. INDIANA’S HEA 1190-2921 OVERWEIGHT TRUCK PERMITS (DETAILS) 

Source: LegiScan. (n.d.). Indiana House Bill 1190. https://legiscan.com/IN/text/HB1190/id/2378280 
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APPENDIX F. CONCEPTUAL RELATIONSHIP BETWEEN PAVEMENT DAMAGE COST 
AND TRUCK GVW 

Figure F.1 presents the conceptual relationship between the units cost of pavement 
damage and the GVW. The figure indicates that the unit damage cost has two components: a 
damage cost due to legal weight; and a damage cost due to the excess (beyond the legal 
weight limit) weight (Chowdhury et al., 2013). 

Figure F.1 The unit cost of truck damage corresponding to different truck weights 
(adapted from Chowdhury et al., 2013). 
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APPENDIX G. OVERWEIGHT OPERATIONS: THE POSITIVE IMPACTS (TRIPS 
REDUCTION) AND THE NEGATIVE (TRAFFIC IMPAIRMENT) IMPACTS ON SAFETY 
AND MOBILITY 

This appendix presents a detailed description for calculating the trips-reduction (TIE) and the 
traffic impairment effect (TRE) of OW operations on safety. The net effect of these opposing 
effects may be positive or negative. A previous JTRP project report (Everett et al., 2014) is the 
only resource worldwide that brought attention to this issue, with a theory-based discussion on the 
conditions under which the net effect is positive and those under which the net effect is negative. 
TRE is computed according to the equation below: 
𝑇𝑇𝑇𝑇𝑇𝑇 = 𝐴𝐴𝐴𝐴𝑇𝑇𝐴𝐴 × 𝑁𝑁𝑇𝑇𝑇𝑇 × 𝐴𝐴OW (G.1) 
Where: 
APEW = average percent of extra weight compared to the maximum allowable weight for all 
trucks. For example, if the maximum allowable weight is 80,000 lb., and OW trucks are loaded on 
average to 120,000 lb., then APEW = 50%. 
POW = percent of OW trucks in entire traffic stream. 
NTT = total number of legal weights + OW trucks (trucks per day). 

See Figure 5.12 in the main text, which presents a conceptual graph of the relationship between 
TRE and TIE on traffic safety and mobility. 

Sample computation: Consider a traffic stream with APEW = 20%, NTT = 1,200 trucks/day and 
POW = 10%, then: 
𝑇𝑇𝑇𝑇𝑇𝑇 = 0.20 × 1,200 × 0.10 = 24 trucks/day 
This implies that under these circumstances, by allowing OW operations, 24 legal weight trucks 
will be excluded from the traffic stream. In consequence, the traffic volume for the purpose of 
safety and mobility, would be 1,176, not 1,200. 

The traffic impairment effect (TIE) is calculated according to equation below: 
TIE = TTT × POW × [(PCEOW – PCEN) / PCEN] (G.2) 

Where: 
PCE is the passenger car equivalent. 
PCEOW = PCE of OW trucks 
PCEN = PCE of legal weight trucks and all other symbols are as previously defined. 
Sample computation: For a traffic stream with NTT = 1,200 trucks/day, POW = 10%, PCEOW 

= 2.5, and PCEN = 1.5, then: 
𝑇𝑇𝑇𝑇𝑇𝑇 = 1,200 × 0.10 × (2.5−1.5)/1.5 = 240 trucks/day 

This means that in the prevailing circumstances, OW trucks will represent an equivalent 
additional 240 normal weight trucks. For the purposes of safety and mobility, therefore, an 
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effective volume of 1,440 (not 1,200) should be used in the analysis. 

The net effect, therefore, is the sum of the two effects, is: 
𝑁𝑁𝑇𝑇𝑇𝑇 = 𝑁𝑁𝑇𝑇𝑇𝑇 − 𝑇𝑇𝑇𝑇𝑇𝑇 + 𝑇𝑇𝑇𝑇𝑇𝑇 (G.3) 
Where: NET = net total equivalent nr. of legal weight trucks. 

Sample computation: For the example presented above, the net total equivalent number of legal 
weight trucks, NET = 1,200 + 240 – 24 = 1,416 trucks/day. 
This net volume of truck traffic can then be used to compute the safety and mobility performance 
as applicable. For safety performance, the function employed in the current study is presented in 
the equation below (AASHTO, 2010). 
𝐶𝐶𝐶𝐶 = 𝑒𝑒xp[𝑎𝑎+𝑏𝑏𝑏𝑏𝑏𝑏(𝐴𝐴𝐴𝐴𝐴𝐴𝑇𝑇)+ln(𝐿𝐿)] (G.4) 
Where: CF is the severe crash frequency, 
L is the road segment length 
AADT is the average annual daily traffic 
For urban roads, a is 16.22, b is 1.66. 
For rural roads, a is –8.837, b is 0.958. 
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APPENDIX H. USING THE “PRICE-ELASTICITY OF DEMAND” CONCEPT TO ESTIMATE 
SAFETY PERFORMANCE CHANGES 

This appendix discusses the “price-elasticity of demand” concept, as part of an effort to estimate 
the change in safety performance in response to demand changes which in turn are caused by the 
change in permit fee. The price elasticity of demand for freight transportation has been shown to 
range from –0.75 to –2.5 (Abdelwahab, 1998). Therefore, it can be expected that over a longer 
period, the change in permit fees will result in a change in safety and mobility performance on 
permitted routes. This change can be estimated for a given period by considering the price elasticity 
of demand function. 

Given OW shipment demand (volume) 𝑞𝑞𝑞𝑞 at permit fee 𝑝𝑝𝑞𝑞, and price elasticity e, we can 
determine the demand 𝑞𝑞𝑞𝑞 for a price change from 𝑝𝑝𝑞𝑞 to 𝑝𝑝𝑞𝑞 through a simple algebraic manipulation 
of the elasticity equation as: 

𝜕𝜕𝑓𝑓−𝜕𝜕𝑖𝑖 𝜕𝜕𝜕𝜕 

𝜕𝜕 𝜕𝜕𝑓𝑓+𝜕𝜕𝑖𝑖 𝑒𝑒 = �𝜕𝜕𝜕𝜕 = �𝜕𝜕𝑓𝑓−𝜕𝜕𝑖𝑖  (H.1) 
𝜕𝜕 𝜕𝜕𝑓𝑓+𝜕𝜕𝑖𝑖 

Knowing the initial demand (𝑞𝑞𝑖𝑖), the initial and final prices (𝑝𝑝𝑖𝑖 , 𝑝𝑝𝑓𝑓), and the elasticity 𝑒𝑒, we can, 
by simple algebraic manipulation obtain an expression for the new demand (𝑞𝑞𝑓𝑓 ). This is 
presented in the following equation. 

(1+ 𝛾𝛾)𝑞𝑞𝑓𝑓 = 𝑞𝑞𝑖𝑖 (H.2) 
(1−𝛾𝛾) 

Where: 
(𝜕𝜕𝑓𝑓−𝜕𝜕𝑖𝑖)𝛾𝛾 = 𝑒𝑒 (H.3) 
(𝜕𝜕𝑓𝑓+𝜕𝜕𝑖𝑖) 

And all other symbols are as previously defined. 

Using the equation above and the procedure established in Everett et al. (2014), the change 
in safety and mobility performance at permitted routes for a given change in permit fee, was 
calculated in this study (see Figure 5.13 and Figure 5.14, respectively, in the main text) in Chapter 
5. 
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