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Preface 

Below is a statement by the Vermont Agency of Transportation regarding the impetus behind 
the Truck Network Analysis. 

The Vermont Agency of Transportation is providing this report to ensure that the 
best information available has been compiled and analyzed to provide a solid 
foundation for the discussion on commercial vehicle size. At this time, the Agency of 
Transportation has not accepted this report nor is it proposing these 
recommendations as the criteria to be used for the permitting of oversized 
commercial vehicles. 

Several factors must be considered. The age of the highway system in Vermont and 
the development pattern of Vermont's villages along the highway system make the 
movement of large commercial vehicles difficult. While it is unlikely that Vermont's 
highway system will see significant change over the next decade, the state's need to 
compete economically requires that commercial vehicles be allowed to move goods 
and materials to and from business and industry. 

The Truck Network Analysis and the CVEST Final Report are intended to provide a 
framework for development of Vermont's commercial vehicle policy. Once the 
policy has been established, the AOT will undertake a review of the State's highways 
to determine which routes meet the criteria for commercial vehicles and which routes 
fail to meet the criteria and will explain why they fail to meet the standards. 

Preface 



VHB 

KlPR\ 50936\ 

Finalreport.doc 

Vanasse Hangen Brustlin, Inc. 

Table of Contents 

Preface ....................................................................................................................................... i 

Executive Summary ............................................................................................................... 1 

Introduction ............................................................................................................................ 3 

General ................................................................................................................................... 3 
Goals & Methodology .............................................................................................................. 3 
Surface Transportation Assistance Act of 1982 ...................................................................... .4 

Transportation Criteria, Standards, & Plans within Vermont ...................................... 7 

General ................................................................................................................................... 7 
Current Truck Permitting Criteria ............................................................................................. 8 
Vermont State Standards ........................................................................................................ 8 
Vermont's Long Range Transportation Plan ............................................................................ 9 

Design Vehicle Characteristics & Selection ................................................................... 11 

General ................................................................................................................................. 11 
Oversize and Overweight Vehicles - State of Vermont... ....................................................... 13 

Vermont Legal and Permit Dimensional Restrictions .............................................. 13 

Approved Routes and Reasonable Access ............................................................ 15 
Selection of Envelope Vehicles ............................................................................................. 16 

Recommended Envelope Vehicles ........................................................................ 16 

Criteria & Publication Review .......................................................................................... 19 

General ................................................................................................................................. 19 
Horizontal Curvature ............................................................................................................. 19 

Degree/Radius ....................................................................................................... 20 

Length ................................................................................................................... 21 
Sight Distance ....................................................................................................................... 22 

Stopping Sight Distance (SSD) .............................................................................. 23 

Passing Sight Distance .......................................................................................... 26 
Vertical Geometry ................................................................................................................. 27 

Grade Percentage ................................................................................................. 28 

Length of Grade ..................................................................................................... 29 

Climbing Lanes ...................................................................................................... 31 
Pavement Width .................................................................................................................... 32 

Travel Lane & Shoulder Width ............................................................................... 33 

Table of Contents 



VHB 

K\PR1509361 

Finalreport.doc 

Vanasse Hangen Brustlin, Inc. 

Table of Contents (Continued) 

Bridges .................................................................................................................................. 36 

Width ..................................................................................................................... 36 

Vertical Clearance ................................................................................................. 37 

Load Limit .............................................................................................................. 38 
Pavement Conditions ............................................................................................................ 38 

Dished Wheel Tracks ............................................................................................. 38 

Washboard Pavement ........................................................................................... 39 

Pavement Warp ..................................................................................................... 39 

Pavement Edge Dropoffs & Surface Discontinuities ............................................... 39 
Intersections .......................................................................................................................... 39 

Corner Radius ....................................................................................................... 40 

Pavement Width ................................................................................................... .41 

Curbed & Non-Curbed Intersections ...................................................................... 41 

Intersection Sight Distance (ISO) ......................................................................... ..42 
Signs .................................................................................................................................... .43 
Accidents & High Accident Locations ................................................................................... .43 

The Impact of Terrain & Roadway Geometry on Truck Accidents ......................... .43 

Truck Involvement in Accidents ............................................................................. .44 
Vulnerability to Roadside Hardware ...................................................................................... 44 
Surrounding Environment ...................................................................................................... 45 

Historical ............................................................................................................... .46 

Urban ................................................................ : ................................................... 46 

Bicycles & Pedestrians ......................................................................................... .46 
At-Grade Rail Intersections ................................................................................................... 47 
Runaway Truck Ramps ......................................................................................................... 48 
Roadway Ramps/Highway Access Points ............................................................................. 49 
Seasonal Conditions ............................................................................................................. 49 

Regional State Criteria ........................................................................................................ 51 

General ................................................................................................................................. 51 
Connecticut ........................................................................................................................... 51 
Maine .................................................................................................................................... 51 
Massachusetts ...................................................................................................................... 52 
New Hampshire .................................................................................................................... 52 
New york .............................................................................................................................. 54 
Rhode Island ......................................................................................................................... 54 

Recommended Criteria ....................................................................................................... 55 

General ................................................................................................................................. 55 
Horizontal Curvature ............................................................................................................. 55 
Stopping Sight Distance .................................................................. ,' ..................................... 56 
Passing Sight Distance ......................................................................................................... 56 

ii Table of Contents 



VHB 

KlPRI509361 

Finalreport.doc 

Vanasse Hangen Brustlin, Inc. 

Table of Contents (Continued) 

Vertical Geometry ................................................................................................................. 56 
Pavement Width .................................................................................................................... 57 
Bridge Criteria ....................................................................................................................... 58 
Intersections .......................................................................................................................... 59 
Sign Placement ..................................................................................................................... 59 
Surrounding Environmenl. ..................................................................................................... 59 
Runaway Truck Ramps ......................................................................................................... 60 
Seasonal Conditions ............................................................................................................. 60 

Glossary ................................................................................................................................. 63 

Terms & Definitions ............................................................................................................... 63 

References ............................................................................................................................. 71 

Publications .......................................................................................................................... 71 
Intemet Information ............................................................................................................... 73 
State Guidelines for Large Trucks ......................................................................................... 74 

Appendices .............................................................................................................................. . 

Appendix A-Data Collection Process ..................................................................................... .. 

Appendix B-Sample Route Log ............................................................................................. .. 

Appendix C-Intersection Sight Distance ................................................................................ .. 

Appendix D-Railroad Intersection Sight Distance .................................................................. .. 

iii Table of Contents 



VllB 

K\PRI 509361 

Fmalreport.doc 

Vanasse Hangen Brustlin, Inc. 

Table No. 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

Tables 

Description Page 

Current VAOT Approved Geometric Criteria for Large Truck Access ............................... 6 

Select Design and Envelop Vehicle Characteristics ......................................................... 14 

Relation of Stopping Sight Distance to Speed when Considering 

Specific Vehicle and Conditions ........................................................................................ 21 

Relation of Maximum Grades to Design Speed for Rural Arterials ................................. 25 

Relation of Maximum Grades to Design Speed for Rural Collectors .............................. 25 

Relation of Traveled Way and Shoulder Width to Vehicle 

Average Daily Traffic .......................................................................................................... 31 

Minimum Width of Traveled Way and Usable Shoulder 

for Rural Arterials ............................................................................................................... 32 

Minimum Width of Traveled Way and Usable Shoulder 

for Rural Collectors .............................................................................................................. .. 

Recommended Horizontal Curve Criteria ......................................................................... 52 

Recommended Stopping Sight Distance Criteria ............................................................. 53 

Recommended Vertical Geometry Criteria ....................................................................... 54 

Recommended Pavement Width Criteria 

(Truck Traffic Between 5 & 10 Percent) ............................................................................ 55 

Recommended Pavement Width Criteria 

(Truck Traffic Exceeds 10 Percent) ................................................................................... 55 

Recommended Minimum Curve Radius at Intersections ................................................. 56 

iv List of Tables 



VHB 

K\PR1509361 

Fmalreport.doc 

Vanasse Hangen Brustlin, Inc. 

Figure No. 

2 

3 

4 

5 

6 

7 

v List of Figures 

Figures 

Description Page 

Standard WB-67 with a 53-foot Semi· Trailer ........................................................... 9 

Swept Path Width and Offtracking of a Truck 

Negotiating a Turn .................................................................................................... 9 

Typical Dimensions of an ST AA Twin Trailer Truck .............................................. 12 

Accident Involvement Rate of Trucks .................................................................... 24 

Critical Lengths of Grade ........................................................................................ 27 

Speed· Distance Curves for 300 Ib/hp Truck 

for Deceleration ....................................................................................................... 27 

Speed· Distance Curves for 300 Ib/hp Truck 

for Acceleration ....................................................................................................... 28 



VHB 

K\PR\ 50936\ 

Finalreport.doc 

Vanasse Hangen Brustlin, Inc. 

1 
Executive Summary 

As mentioned in Vermont's Long Range Transportation Plan, "Vermont is a special 
place with qualities not found elsewhere in North America. The aesthetic 
environment - the state's visual beauty - is an important component of Vermont's 
quality of life."28 The people of Vermont also realize that "The state's economy is the 
cornerstone of Vermont's quality of life, and an efficient, effective transportation 
system for people and goods is vital to the state's long-term economic viability.//28 
Balancing these philosophies is the impetus for this report. Economic growth should 
be encouraged by an efficient transportation system while maintaining Vermont's 
distinctive natural and cultural environment. 

In 1982, the Surface Transportation Assistance Act (STAA) made it possible for larger 
and heavier vehicles to travel the nation's highways. In the past, the trucking fleets 
petitioning for access were comprised of 48-foot single semi-trailers and 28-foot 
tandems. More recently however, larger trucks, including 53-foot semi-trailers, have 
been applying for permits throughout Vermont. The introduction of these larger 
vehicles onto roadways originally designed for passenger vehicles may result in 
undesired impacts to both the surrounding environment and the safety and mobility 
of other traffic. 

This report investigates and quantifies the certain characteristics of selected large 
trucks and their operational capabilities within common geometric conditions found 
along Vermont's Primary and Minor Arterials. Much of the current highway design 
and operational criteria are based on passenger car characteristics, which many times 
differ significantly from that of large trucks. This report represents extensive 
research into specific geometric conditions that are more appropriate for roadways 
with large truck traffic. These geometric criteria include horizontal curvature, 
stopping and passing sight distance, vertical grade percentage and length, pavement 
width, bridge width and loading, intersection radii and sight distance, sign 
placement, surrounding environment, runaway truck ramps and seasonal 
conditions. An assessment of the need to revise the current criteria was made and 
new /revised criteria were introduced as deemed necessary. The new /revised 
criteria were then reviewed to provide continuity between the recommendations of 
this report and the recently drafted Vermont State Design Standards. 

The result of this report is a comprehensive set of new geometric criteria and 
considerations designed to assist the permit review agency in the approval process 
for large vehicle travel on Vermont's highways. 

1 Executive Summary 
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2 
Introduction 

This report summarizes the findings of a truck network analysis conducted by 
Vanasse Hangen Brustlin, Inc., (VHB) for the Vermont Agency of Transportation 
(V AOT) during the fall of 1998. The study involves the analysis, selection and 
recommendation of specific roadway geometric criteria as applied to a set of select 
large trucks and oversize/overweight (OS/OW) vehicles. These criteria, upon 
approval by the V AOT, will serve as the basis for determining large vehicle travel on 
Vermont's highways. In 1982, the Surface Transportation Assistance Act (STAA) 
opened the door for larger and heavier vehicles to travel the nation's highways and 
required states to provide "reasonable access" from a designated National Network 
of Interstate and other major highways. Typically, the trucking fleets petitioning for 
access were comprised of 48-foot single semi-trailers and 28-foot tandems. More 
recently however, larger trucks, including 53-foot semi-trailers, have been applying 
for permits and now make up a large percentage of the trucking fleet. The 
introduction of these larger vehicles to the Vermont highway system creates a need 
to develop a permitting and review process that accounts for the effect of roadway 
geometrics on large truck travel-ability and safety as well as the effect of these 
vehicles on the surrounding societal environment. 

Goals & Methodology 
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The primary goals of this study are to identify the roadway geometrics necessary to 
accommodate a choice range of large and OS/OW vehicles and to establish an 
inventory of constriction points for these larger vehicles on selected State and US 
Routes in Vermont. 

The data collection was approached in a five-step process. First, a comprehensive 
literature search was conducted to locate books, periodicals and studies containing 
information relating to large truck and OS/OW vehicle accommodation and 
permitting. A second part of the search utilized the Internet to locate additional 
studies 'on-line' and request hardcopies for review. The third step was to contact 
other states in the region and to request copies of their OS/OW permit applications 

3 Introduction 
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and any geometric criteria and guidelines used in establishing OS/OW truck routing 
and permitting. The information received was used as a 'yardstick' to review current 
V AOT criteria and to help establish a new set of guidelines. The fourth step in data 
collection was to contact several regulatory agencies in Vermont such as the 
Department of Motor Vehicles and the State Police to identify current regulations 
and to obtain information relating to the types of OS/OW vehicles that apply for 
permits along with the routes they typically request. We also contacted the VAOT to 
request and review all available route logs, video logs, sufficiency ratings, high 
accident locations and any other available information regarding the existing 
geometrics of Vermont's highways. After compilation and review of the above 
gathered materials, a set of roadway geometric guidelines was developed in order to 
'test' the existing routes. 

The last component of data collection was a comprehensive field study in which 31 
US and State routes consisting of principal arterials, minor arterials, and major 
collectors were physically inventoried and compared with the new geometric 
guidelines. 

The field study was conducted utilizing a Global Positioning System (GPS) receiver, 
a laptop computer and an electronic base map of the state. Routes were driven at the 
posted speed limit and deficient locations, previously identified during the V AOT 
route log analysis, were investigated and inventoried. The roadway geometric 
characteristics for each constraining location were entered into a database which was 
then incorporated into an interactive Geographic Information System (GIS) map. 
With this GIS map, the reviewer can query the operating characteristics of a specific 
vehicle against the geometric feasibility of a specific route. The system will output an 
assemblage of information concerning the geometric restrictions that exist along the 
route, based upon the selected envelope vehicle. Knowing the number and locations 
of existing geometric restrictions which the OS/OW vehicle may encounter along a 
specific route will allow the reviewer to make more informed decisions on the 
approval of a particular permit. The data collection process is more thoroughly 
described within Appendix A to this report. 

Surface Transportation Assistance Act of 1982 
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The passage of the Surface Transportation Assistance Act in 1982, spurred by 
effective lobbying by the trucking industry, made it possible for wider, longer, and 
heavier vehicles to operate on selected Interstate and other federally aided highway 
systems. The limits specified by the 1982 legislation are: 

r Length: Truck unit 65-feet long, twin-trailer combinations with 28-foot trailers, 
semi-trailer combinations with 48-foot trailers (maximum). 

r Width: Maximum width of l02-inches (8-feet and 6-inches). 

4 Introduction 
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,. Weight: Maximum single axle weight of 20,000 pounds with a maximum gross 
weight on tandem axles of 34,000 pounds; maximum gross vehicle weight of 
80,000 pounds. 

Prior to the enactment of the STAA, the federal government and each individual 
state had the authority to regulate the size and weight of the trucks operating on 
their respective highways. This resulted in a variety of size and weight restrictions 
per state and a discontinuity for trucks when traveling between regions on the same 
highway. Although the STAA provided a consistency in regulating truck sizes and 
weights as well as what routes they can use, the act has also raised many questions 
about the possible hazards of operating larger, heavier trucks on roadways with 
restrictive geometrics. The 1982 act not only increased the allowable weights and 
sizes of vehicles but also designated a National Highway Network consisting of 
Interstate and other primary highways on which these longer and wider vehicles 
could operate. 

Subsequently, there is an increased need to identify roadways that can support these 
larger vehicles. A set of criteria was defined for designating such a National 
Highway Network. Among the included criteria are two factors that have raised 
questions in the minds of traffic safety experts: 

1. The route has adequate roadway geometries to support safe operations, 
considering sight distance, severity and length of grades, horizontal curvature, 
pavement width, shoulder width, bridge clearances and load limits, traffic 
volumes and vehicle mix, and intersection geometry. 

2. The route consists of lanes designed to be a width of 12-feet or more. 

The most controversial part of the Surface Transportation Assistance Act is the lack 
of an exact definition of geometric adequacy, and the question of inclusion of highways 
with 12-foot or wider lanes over much of but not all of their length.'6 How to address 
this lack of definition and the inclusion of less than adequate highways into a set 
of pre-approved routes for large truck travel is essentially the problem to be 
addressed within this report. 

5 Introduction 
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3 
Transportation Criteria, Standards, 

& Plans within Vermont 

Recently, the V AOT developed a set of design standards for the transportation

related construction, reconstruction, and rehabilitation on Vermont's freeways, roads 
and streets. The Vermont State Design Standards, issued in 1997, were intended to 
govern all phases of roadway design for the entire state. They were developed to 
reflect the unique character of Vermont while addressing the changes to the 

transportation policy put forth at both national and state levels by such documents 
as: 

, 1991 Intermodal Surface Transportation Efficiency Act (ISTEA) legislation 

, 1995 Vermont State Long Range Transportation Plan 

, V AOT Project Development Process 

, Interagency planning agreements among the VAOT, the Vermont Agency of 

Natural Resources (V ANR), the Vermont Division for Historic Preservation 
(VTDHP), and others 

These standards have been designed to be flexible and to allow and encourage 
creative methods to minimize impacts on scenic, historic, archaeological, 
environmental and other important resources. In some cases the standards change, 
while in others they augment the standards previously published by the V AOT and 
the American Association of State Highway and Transportation Officials (AASHTO). 

Since the criteria put forth by the 1982 STAA was based upon the AASHTO guidance 
of the period, the criteria currently utilized for permitting oversize/ overweight 
vehicles requires review and possibly revision to address the recent changes in 

Vermont's transportation policies and standards.29 

7 Transportation Criteria, Standards & Plans within Vermont 



VHB Vanasse Hangen Brustlin, Inc. 

Current Truck Permitting Criteria 

Currently, the VAOT reviews each OS/OW permit application on a case-by-case 
basis (except for the approved routes listed below) utilizing a set of criteria 

developed by the VAOT in 1986. A listing of the current Vermont criteria is detailed 

below in Table 1. 

Table 1 
Current VAOT Approved Geometric Criteria for Large Truck Access,33 

Geometric Criteria for Long Truck Permits 

Doubles 48' Trailers Long Stingers 

Current AADT <1000 >1000 <1000 >1000 <1000 >1000 
Min Paved Width (ft) 22 24 22 24 22 24 
Min Roadway Width (ft) 30 34 30 34 30 34 
Min Bridge Width (ft) 30 34 30 34 30 34 
Max Horiz Curve (deg) 25 25 15 15 16 16 
Max Grade without 5% winter 9% 3% winter 9% 7% 9% 7% 
Climbing Lane summer 7% summer 

Max Grade with 7% winter nla 5% winter nla nla nla nla 
Climbing Lane summer nlasummer 

Based upon the requirements of the STAA concerning accessibility, the following 

routes have been approved by the V AOT for 53-foot trailer routes for fleet or single

trip permitting: 

Interstate Route 89 - entire route 
Interstate Route 91 - entire route 
Interstate Route 93 - entire route 
Interstate Route 189 - entire route 
US Route 2 - entire route 
US Route 4 - NY border to Route 100 South 

US Route 7 - entire route 
US Route 302 - entire route 
VT Route 2A - entire route 
VT Route 9 - entire route 
VT Route 103 - entire route 
VT Route 289 - entire route 

Vermont State Standards 
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The 1997 Vermont State Design Standards present design parameters that are more 

aligned with the unique transportation environment within Vermont. These 

Standards are quite different than the previously utilized guidelines published by 

AASHTO. The new State Standards are based on the philosophy that impact to 

Vermont's resources associated with transportation-related design and construction 

should be minimized to the fullest extent possible while maximizing the public 

benefit of transportation improvement investments. As stated within the Standards 

document, " ... roadway improvements have the potential to positively contribute to 

the local, regional and state-wide economy of Vermont. By providing for the 

efficient movement of goods and services and by building facilities that provide 

8 Transportation Criteria, Standards & Plans within Vermont 
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access to and complement and enhance the State's historic and visual character, the 
State's economic interests are furthered.,,29 These standards attempt to create a 

balance between economic vitality and the Vermont way of life. 

This philosophy is reflected in standards which generally allow reductions in 

pavement, lane and shoulder widths, horizontal and vertical curvature and clear 
zone requirements as compared with AASHTO published guidelines. These relaxed 

design characteristics directly impact the permitting and operation of large trucks 

throughout Vermont. 

Vermont's Long Range Transportation Plan 
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The Vermont Agency of Transportation published a Long Range Transportation Plan 

(LRTP) in 1995. The plan provides the initial step in transportation planning and 
design for the "post-interstate" era. The plan emphasizes maintenance of the existing 
facilities, development of multi-modal facilities and enhancement of existing 

corridors that suffer from traffic congestion. Understanding the need to maximize 

the use of tax dollars to enhance the transportation systems already in place is a 
primary focus of the LRTP. As mentioned in the Plan, "The key phrase for the new 
era is integrated transportation-the various types or "modes" of transportation 
linked together into an integrated network for moving goods and people throughout 

Vermont." " ... an efficient, effective transport system for people and goods is vital to 
the state's long-term economic viability.,,28 

The Transportation Plan also maintains that three future trends will place new 
demands on the transportation system: home-based employment, 
telecommunications, and the globalization of the economy. Due to the 

decentralization of the employment centers caused by home-based employment and 
telecommunications, as well as the need to compete nationally and internationally 

within the world economy, the demand for an efficient material distribution system 
along Vermont's highways is critical to economic success. This fact underscores the 

importance of a transportation network that can safely accommodate trucks. 

9 Transportation Criteria, Standards & Plans within Vermont 
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4 
Design Vehicle Characteristics & 

Selection 

In discussing the selection of envelope vehicles, one must first understand various 
physical characteristics associated with trucks as well as the appropriate 

terminology. By AASHTO definition, the truck classification includes single-unit 
trucks, truck tractor/semi-trailer combinations, and trucks or truck tractors with 

semi-trailers in combination with full trailers. Each of these design vehicles is 
classified by several dimensions: the wheelbase, number of axles and overall length 
being the primary considerations. Other principal dimensions affecting design 
criteria include the minimum turning radius, the tread width, and the path of the 
inner rear tire. Each of these dimensions relates to the truck's ability to negotiate 

horizontal curves and its effect on the roadway surface. The greater width and 
longer wheelbase of a truck results in a greater minimum turning radii. 

Since trucks come in numerous combinations consisting of different widths, 
wheelbases, and lengths, AASHTO represents a composite of the vehicles in 

operation by wheelbase length or WB. This wheelbase is measured from the front 
steering axle on the tractor to the rearmost axle on the trailer and the corresponding 

distance is noted as WB followed by a number. See Figure 1 below for an example of 
a WB-67. Another critical dimension shown within the figure is the kingpin to rear 
axle centroid distance. The kingpin is defined as the bolt-like device on the 
underside of the front of a semi-trailer that fits into the tractor's fifth wheel to couple 

the tractor and trailer together. The kingpin is important in that it is the point from 
which axle spacings are measured in off tracking calculations. The distance from 

kingpin to the center of the rear axle or axles is critical in that the trailer pivots on the 
kingpin during turning maneuvers. Increased distance between the kingpin and the 
rear axle centroid on a non-articulated (or straight-frame) trailer results in a greater 

off tracking and swept path when negotiating horizontal curves. 

11 Design Vehicle Characteristics & Selection 
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Figure 1 - Standard WB-67 with a 53-foot Semi-Trailer. 31 

As was mentioned above, the greater the wheelbase length of a truck, the greater the 
minimum turning radii; the greater the kingpin-to-rear axle distance, the greater the 
off tracking and swept path. Offtracking refers to the distance between the path of the 
front wheel and the path of the rear inside wheel as the vehicle traverses a curve. 
Swept path is another way of expressing the amount of off tracking and is equal to the 
width of the vehicle plus the off tracking distance. See Figure 2 for a graphical 
description of both terms. 

12 Design Vehicle Characteristics & Selection 
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Oversize and Overweight Vehicles - State of 
Vermont 

• 

Currently, within the State of Vermont, permits for truck travel are required when 
any of the legal dimensions specified in the Vermont Statutes are exceeded. The 
legal dimensional limits as put forth by Title 23, Vermont Motor Vehicle Law, are 
described below. As can be seen when reading these excerpts, a multitude of loads 
and loading configurations is allowed based upon various conditions. 

Oversized load encroaching into both the opposing lane and the shoulder . 

Vermont Legal and Permit Dimensional Restrictions 

KIP RI 509361 
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Based upon the ST AA and the additional restrictions legislated by the State of 
Vermont, a truck requires a permit when: 

1. The gross weight of the vehicle or vehicle combination and load exceeds 80,000 
pounds for a 5 or 6 axle vehicle; requirements are less for 3 and 4 axle vehicles. 

2. The maximum width of vehicle or vehicle combination and load exceeds eight (8) 
feet and six (6) inches (102 inches). 

3. The maximum height of vehicle or vehicle combination and load exceeds thirteen 
(13) feet and six (6) inches. 

13 Design Vehicle Characteristics & Selection 
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4. The maximum length of vehicle combination and load. 

r Sixty-five (65) feet on state highways. 

, There is no maximum length on the interstate highway system but no semi
trailer in a truck tractor semi-trailer combination may exceed 53-feet and no 
trailer or semi-trailer in a truck tractor semi-trailer-trailer combination may 
exceed 28-feet. 

One important item to note is that not every load meeting permit conditions is 
guaranteed a permit. Permits will not be issued for loads that can be reasonably 
reduced to legal weight, width, height, or length. These types of loads are known as 
divisible loads and are typically applied to box type cargo. Loads that cannot be 
reasonably reduced to legal limits are called indivisible loads and are defined as: 

, Any load or vehicle exceeding applicable length or weight limits which, if 
separated into smaller loads or vehicles would: (1) compromise the intended use 
of the vehicle, i.e., make it unable to perform the function for which it was 
intended; (2) destroy the value of the load or vehicle, i.e., make it unable for its 
intended purpose; or (3) require more than 8 work-hours to dismantle using 
appropriate equipment. (A typical indivisible load is a unit of a modular home.) 

The maximum legal load limit established by the 1982 STAA is 80,000 pounds. 
Vermont enacted further legislation to regulate both divisible and indivisible loads. 
Indivisible and divisible loads may obtain permits to gross 120,000 pounds provided 
the vehicle has six or more axles. Vermont also placed weight limits on the 
transportation of unprocessed quarry and forest products and raw milk products. 
The maximum permit-able weight for these loads is 99,000 pounds provided the 
vehicle has six or more axles. 

To accommodate the multitude of large vehicle loads, there are a wide variety of 
maximum length, width and height allowances placed on vehicles traveling in 
Vermont. Typically, indivisible loads may obtain permits to operate at lengths up to 
100-feet, widths up to 14-feet, 6-inches and heights up to 14-feet. Divisible loads may 
obtain permits to operate with trailer lengths up to 53-feet (no overall length is 
specified), widths up to 8-feet, 6-inches and heights up to 14-feet. It should be noted 
that these allowable dimensions vary depending on the selected route because there 
may be constricting length, width and height locations as well as bridge weight 
limitations. 

Provided the load meets the above restrictions, a permit can be issued in one of three 
forms: a single trip permit, a blanket permit, or special excess weight permit. Each 
permit type is governed by separate safety restrictions and is valid for different time 
periods. Additionally, each permit type further restricts the allowable load 
dimensions over those listed above and may require a comprehensive route review. 

14 Design Vehicle Characteristics & Selection 
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• 
Approved Routes and Reasonable Access 
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The above stipulations also govern the specific routes over which transportation of 
these loads is legal. The STAA established a set of pre-approved routes, primarily 

Principal and Minor Arterials, over which large vehicles may travel without a 
permit (provided the loads meet the legal dimensions). Routes within Vermont 

include the Dwight D. Eisenhower National System of Interstate and Defense 
Highways, roads within one mile of the above highways and any other highways 

which the V AOT approves on the basis of safety and engineering. Title 23 also 

allows for travel along other routes under the provisions of "reasonable access". 
Reasonable access is allowed to all vehicles meeting the above dimensional 

provisions between the Interstate System and any other qualifying Federal-aid 
Primary System highways as designated by the USDOT and the V AOT and facilities 
for fuel, food, repairs and rest and points of loading and unloading of household 

goods carriers. However, permits are not required for tractor/semi-trailer 

combinations engaged in the transportation of automobiles (various types of which 
are known as "stingers"). 

Access to specific routes is also governed by the overall trailer size. Forty-eight (48) 

foot trailers with a kingpin to center of rear axle or rear axle group of not more than 
41-feet is allowed unrestricted travel along all routes in Vermont. If the distance is 
more than 41-feet, travel is restricted to only those highways approved under 

"reasonable access". Fifty-three (53) foot trailers can travel in Vermont only if the 
kingpin to rear axle group center is 41-feet or less. These vehicles cannot exit from 

Interstate and Defense Highway Systems other than as allowed under the reasonable 
access rules for 48-foot trailers. Vehicles with trailers over 53-feet are allowed travel 
under single trip permit only. 

Tandem trailers also are not eligible to exit from the Interstate and Defense Highway 

System other than allowed under the reasonable access rules. Under Title 23 and the 
STAA, neither a trailer nor a semi-trailer in these combinations may exceed 28-feet.2o 

See Figure 3 for a graphical example of an STAA Twin. 

---..t+----22'-6"---...; 
m ...: 

Figure 3 - Typical Dimensions of an STAA Twin Trailer Truck." 
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Selection of Envelope Vehicles 

• 

It was first necessary to define a set of envelope vehicles such that route evaluation 
criteria could be developed and routes could be inventoried. A search of 
publications revealed that the current VAOT design standards are not adequate for 

the new, larger fleet of vehicles. Harwood et al. states, "The WB-50 design vehicle 

should use the 45-foot semi-trailer. The STAA single with either a 48-foot or 53-foot 
semi-trailer and the STAA double with two 28-foot trailers should be added to the 
AASHTO Green Book".14 The 48-foot and 53-foot semi-trailer have since been added 

by AASHTO but design criteria (other than basic turning radii capabilities) are still 

centered around the WB-50. The Harwood statement is further supported by a truck 

size and weight (TS&W) study conducted by the Federal Highway Administration 
(FHW A) in 1995 which finds: "The AASHTO load-equivalence factors that are 

currently used in most TS&W studies in the u.s. were developed using data from the 
AASHTO Road Test conducted in the 1950's".31 

The 1982 STAA states that there are no length restrictions less than 48-feet for a semi
trailer (28-feet for twins) and no length restrictions less than 75-feet for stingers. This 

statement combined with the fact that "many of the current highway design and 

operational criteria are based on passenger car characteristics even though truck 
characteristics maybe more critical,,/lis important to the selection of envelope 
vehicles as well as defining the geometric criteria by which roads should be gauged. 

The addition of treaties such as the North American Free Trade Agreement (NAFTA) 
mean that, in order to achieve uniformity, the industry is heading toward larger 
trucks26. This is in direct response to the fact that Canadian trucking fleets are 

typically both heavier and longer than trucks in the United States. Also, the Mexican 
trucking fleets are significantly heavier than those in the U.S. Although not required 
by the STAA, this conflict in weight and dimension should be considered when 

determining future criteria. 

Ultimately, the envelope vehicles were selected based on current trucking trends, 
fleet composition and the types of trucks applying for permits in Vermont. We 

believe this approach yields an accurate and appropriate framework for conducting 

the subsequent roadway inventory. The selected envelope vehicles and their 
characteristics are described below and their specific geometric characteristics are 
presented in Table 2 . 

Recommended Envelope Vehicles 
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l. The WB-67 (53-foot semi-trailer). This vehicle was selected because it makes up a 
significant percentage of the national trucking fleet and these trucks frequently 

travel through Vermont. Most of the larger trucks have a legal Gross 
Combination Weight (GCW) limit of 80,000 pounds. However, in Vermont milk, 
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logging and quarry trucks may operate on permitted state routes to a GCW limit 
up to 99,000 pounds. 

2. The STAA 28-foot Twin or Logging Doubles. The STAA Twin is granted 
reasonable access by law. However, more logging doubles than 28-foot tandems 
were observed traveling the roadways in Vermont and the logging doubles 
appear to be longer than the STAA Twin. This longer appearance results from 
the configuration of the logging double which is typically a tractor / semi-trailer 
connected to a full trailer. Most STAA Twins have a GCW of 80,000 pounds. 

3. The 75-foot automobile transport (stinger). As mentioned above, stingers are 
allowed unrestricted access throughout Vermont under the "reasonable access" 
allowance. Although the automobile transport is allowed a maximum GCW of 
80,000 pounds, they are typically much lighter due to the bulk of the cargo. 
Automobiles typically burden the space requirement on the transport more so 
than the weight allowance as the stinger is configured to convey only a finite 
amount of vehicles. For example, a stinger carrying a typical load of nine 
vehicles could have a cargo weight of 45,000 pounds; with the tractor and trailer 
added, this weight could total at less than 70,000 pounds, significantly less than 
the maximum limit allowed by Vermont and the STAA. 

Select Design and Envelop Vehicle Characteristics. 

Vehicle Description 

Length (ft) 

Trailer 

Total 

Width (ft) 

Weight (pounds) 

Max. Legal 

V AOT Max. Permitted * 
Swept Path Width @_ 

60 Degree Intersection 

50 ft Tum Radius 

60 ft Tum Radius 

Swept Path Width @ 
90 Degree Intersection 

50 ft Tum Radius 

60 ft Tum Radius 

Swept Path Width @ 

120 Degree Intersection 

50 ft Tum Radius 

60 ft Tum Radius 
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Truck Type 

WB-50 (37 ft)' WB-62 (48 ft)' WB-67 (53 ft)' 

Design Vehicle 

30 48 53 

55 69 74 

8.5 8.5 8.5 

80,000 80,000 80,000 

99,000 99,000 99,000 

17 20.4 21.7 

16 19.2 20.9 

19 24.3 26.8 

18 22 24.8 

21 - 30.8 

19 24.4 27.8 
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STAA Twin 75' Autotrans 
Trailer'·3 (Stinger)4 

Envelope Vehicle 

2@28 51 

65 75 

8.5 8.5 

80,000 80,000 

80,000 80,000 

17 20.6 

16 19.6 

19.6 24.1 

17.8 21.6 

21 26.8 

18.6 24.2 
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Table 2 (Continued) 
Select Design and Envelop Vehicle Characteristics. 

Truck Type 
WB-50 (37 ft)! WB-62 (48 ft)! WB-67 (53 ft)! STAA Twin 

Trailer!,3 

Vehicle Description Design Vehicle Envelope Vehicle 

Length (ft) 

Swept Path Width 
for 30 Degree Angle & 

200 ft Turn Radius 10.4 11.8 12,6 10.5 

250 ft Turn Radius 9.9 11.2 11.8 10 

300 ft Turn Radius 9.6 10.6 11.3 9.6 
400 ft Turn Radius - - NA -

Swept Path Width 
for 60 Degree Angle & 

200 ft Turn Radius 10.8 12.6 13.6 10.6 

250 ft Turn Radius 10 11.5 12.5 10 

300 ft Turn Radius 9.6 10.9 11.7 9.6 

400 ft Turn Radius - - NA -

Kingpin-CL Rear-Most Axle 30 40.5 45.5 22.5 
.. 

1. Provldmg Access for Large Trucks 
2. The Operation of Large Trucks on Roads with Restrictive Geometry 
3. These trailers cannot exit from the Interstate and Defense Highway Systems other than as allowed under the 

reasonable access rules for 4S' trailers. 
4. Stinger off tracking dimensions were generated using Autoturn software 
* The 99,000 pound weight limit is for unprocessed milk, wood products and quarry materials on state roads only, 

otherwise the maximum gross, permittable weight is 90,000 pounds for divisible loads. 
Non-divisible loads can be permitted up to a maximum of 10S,000 pounds. 
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75' Autotrans 
(Stinger)' 

12,6 

12 

11.5 

10.8 

13.2 

12.3 

11.7 

NA 

39 
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6 
Regional State Criteria 

During the course of this study, all of the other New England states and New York 
were contacted to obtain information concerning what practices and procedures each 
state utilized in the design for and permitting of heavy truck traffic. Each state was 
queried on what types of vehicles they considered oversize/ overweight (53-foot 
trailers being included as as/OW), what (if any) criteria they evaluated prior to 
granting a truck hauling permit, and their procedure for issuing such a permit. The 
findings of each state are detailed below. 

Mr. Glen Phillips was contacted at the Connecticut Department of Transportation. 
Mr. Phillips is directly involved with reviewing the permit requests for 
oversize/ overweight vehicles. CroOT does not have any pre-permitted routes 
beyond those required by the Surface Transportation Assistance Act (STAA). They 
review each permit request individually and then CTDOT determines what route the 
oversize/overweight vehicle should travel. The only criteria used for study is vertical 
clearance; if the vertical clearance of stationary objects such as overpasses allow the 
requested vehicle to safely pass beneath, they typically grant the permit. Many 
times, overhead utilities may need to be temporarily relocated or portions of the 
route shut down to accommodate that specific vehicle. Thus, CroOT retains control 
of the route permitting by having the power to dictate which route the truck must 
utilize. 

Following discussions with Mr. Bruce Ibarguen of the Maine Department of 
Transportation, MDOT has geometric criteria for oversize / overweight vehicles but 
does not currently utilize the criteria. This is partially due to the fact that once 
criteria are established, it must be used to permit routes in all instances. MDOT, due 
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to the practice of following these standards, was occasionally forced to grant permits 

for routes that they thought should be refused. Thus, they now review each route 
individually and grant permit approval based upon experience with that specific 

vehicle and the associated route. 

Mr. Mike Lyons, the Permits Engineer for the Massachusetts Highway Department 
stated that the MHD also reviews each route individually at the District level. Each 

route's existing characteristics are compared with the characteristics of the proposed 
oversize/overweight vehicle and, based upon judgement, a permit is granted or 

denied. 

Massachusetts also has several pre-permitted routes that have been reviewed for 
compliance with three oversize/ overweight vehicle criteria: width, height, and 

length. If the intended vehicle meets the standards of l02-inch width (including the 
safety devices permitted on other roads), 13-feet and 6-inch height, and 80-foot 

length, the permit is granted for the pre-approved route. 

Discussions at the New Hampshire Department of Transportation included Mr. John 
Pillsbury, Permit Supervisor. Mr. Pillsbury mentioned that the NHDOT utilizes the 
twin trailer (l12-foot) vehicle to provide the geometric criteria by which each 
requested route is reviewed. This vehicle is considered by the NHDOT to be a worst

case scenario. The following paragraphs detail the geometric criteria utilized in 

determining the eligibility of a specific route permit. 

1. All state highways connecting the Designated National Network with the 

following geometric features will be considered for permit approval: 

Travel lane width 12'-0" 
~~~~aved shoulder width 

---~ 

4'-0" 
----.-~ ... --.--... 

Maximum Horizontal curvature (degree) 7-00'-00" 
~~~irectio~p~a~sing zone distance 2,900' 

Grades creating speed reduction to 25 mph See speed-distance curve 
AASHTO, 1984 

Minimum intersection radii 60' 
Maximum normal crown 1/3" per foot 
Minimum intersection sight distance-terminal & 1,400' 
service sites 
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2. Other state highways connecting with the Designated National Network for 

which twin trailers may be authorized must meet the following criteria: 

I Travel lane width 111' -0" 
Minimum paved shoulder width 4' -0" 
Maximum Horizontal curvature (degree) 5-00'-00" 
~e direction passing zone distanc~ . 2,000' 

- -.-

Grades creating speed reduction to 20 mph See speed-distance curve 
AASHTO, 1984 

Minimum intersection radii Must remain in proper lane 
Maximum normal crown 1/3" per foot 
Minimum intersection sight distance-terminal & 1,315' (or 1,115' if traffic vol 
service sites is low) 

3. State highways for which twin trailers will not be authorized include the 
following criteria: 

Travel lane width Less than 11'-0" 
Paved shoulder width Less than 4'-0" 
Horizontal curvature (degree) More than 7-00'-00" 
Same directionpassinJ; zone distance Less than 2,000' 
Grades creating speed reduction to less than 20 See speed-distance curve 
mph AASHTO, 1984 
Intersection radii Encroach upon other lane 
Normal crown Exceeding 1/3" per foot 
Intersection sight distance-terminal & servicE Less than 1,115' 
sites 

4. Additional criteria applicable to all access route permitting: 

'-

--

r Twin trailer units shall not pass other vehicles traveling in the same direction 

on undivided two-lane roads except in an emergency or to avoid a stalled 
vehicle occupying the travel lane or portion thereof. 

r Twin trailer units may not park (stand or stop) within the highway rights of 
way of access routes for the purposes of obtaining services for vehicle 

and/ or operator. 

r Access to service facilities beyond one-road mile of the Designated National 

Network may only be authorized directly adjacent to the approved access 
route to a terminal. 

r Twin trailer units must comply with any special provisions for any specific 
peculiarity of given access route. 
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According to Mr. David Woodin of the Permitting section of the New York 
Deparhnent of Transportation in Albany, an oversize/ overweight vehicle is defined 
as a vehicle and load exceeding 85-feet in length, 12-feet in width, and 13-feet and 6-
inches in height. The NYDOT has several different categories of truck 
configurations, each governed by weight primarily, but also include width and 
length. Each of these vehicle characteristics have been reviewed against specific pre
identified routes in an effort to pre-approve routes serving various parts of the state. 
This pre-approval allows specific vehicles meeting the established criteria to be 
granted permit approval quickly without a significant review. Otherwise, each route 
is reviewed individually by each district, compared against known geometric 
deficiencies, and granted or denied a permit based upon that comparison. The 
permitting process and vehicle definition and classification is quite comprehensive. 
Unfortunately, there is a definite lack of information concerning geometric criteria 
for route permitting. 

Upon speaking with Mr. Dick Snow from the Rhode Island Department of 
Transportation, RIDOT does not have a set policy for evaluating routes connected 
with oversize / overweight vehicles. They review each application on a case-by-case 
basis where most of the geometric constraints identification is determined by the 
applicant and the structural (bridge loading) constraints are completed by the RIDOT 
structures unit. RIDOT utilizes the criteria for loading and the approved routes put 
forth by the STAA to guide them in their permitting process. Due to the small size 
of the state and the fact that Interstate and National Highway systems traverse the 
state, Rhode Island has fewer problems with oversize/ overweight vehicles obtaining 
access to any particular area. 
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7 
Recommended Criteria 

The purpose of this study is to review and revise, if necessary, the current VAOT 

criteria for permitting large trucks. After a thorough review of publications and 
other criteria, and with the experience from the initial part of the field study, a set of 
criteria was generated. The following discussion focuses on recommendations for 
new Vermont guidelines as discussed in Chapter 5 - Criteria and Publication Review 

and Chapter 6 - Regional State Criteria sections. Following the brief discussion of 

each element is a table summarizing the recommendations. 

Horizontal Curvature 
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Based on criteria set forth in the various publications, VHB recommends considering 
a single curve deficient if the curvature is greater than 10 degrees (573-foot radius). 
This constraint falls between the 7 and 15 degrees that Agent et al. identified, but it is 
substantially less than the current 15 degree (3S2-foot radius) limit used by the 

Agency. We also suggest adding a constraint that, if both curves in a reverse curve 
are equal to or greater than 7 degrees (SIS-foot radius), the section is potentially 
unsafe for large trucks. The recommended absolute minimum radius of curvature is 

400-feet for roads to safely accommodate large trucks. 

Table 9 
Recommended Horizontal Curve Criteria 

10° -00' - 00" (573-foot radius) 
7° - 00' - 00" (SIS-foot radius) 

Due to the width and speed of large trucks as well as the driver behavior of both 
trucks and passenger vehicles, the horizontal curve criteria is recommended for all 
three of the selected design vehicles. These recommended criteria are conditional 
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upon the availability of sufficient pavement widths. The suggested pavement widths 

are discussed in a subsequent section. 

Stopping Sight Distance 

The current AASHTO stopping sight distance criteria are adequate for trucks 
provided they are equipped with the anti-lock brake systems. For vehicles without 

anti-lock brakes, an appropriate interpretation of the values defined below is 

necessary. 

Table 10 
Recommended Stopping Sight Distance Criteria14 

II Storring Sight Distance ~(ft) 'I I, 

Design Speed ii AASHTO Worst Best I Antilock I' 

(mph) 
" 

Criteria for Performance Performance I Brake System 
I, 

Passenger Driver Driver (ABS) Ii I 

II 
Cars Trucks 

20 : 125-125 150 
I 

125 I 125 

30 200-200 300 I 250 I 200 

~ 
I 

~-~-

40 275-325 500 375 ! 325 

50 I: 400-475 725 525 I 475 

60 Ii 525-650 I 975 I 700 I 600 
-.~.-~-

Ii I I 
,-, 

70 II 625-850 1275 900 775 

Passing Sight Distance 

Vertical Geometry 
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Based on the available data, passing sight distances should be increased by a 
minimum of 50 percent over the MUTCD recommended value for vehicles passing 

trucks. This increase is recommended because truck length increases the amount of 

time and distance a passing vehicle is in the opposing lane and the truck width 

obstructs sight distances. 

Within this study, VHB found a wide range of vertical grades that could cause large 
trucks to travel at unsafe speeds while climbing and descending. Grades between 5 

and 7 percent cause some difficulty for trucks if they continue for 1,000-feet or 

longer. We recommend climbing lanes be provided for 5 percent grades that exceed 
1,000-feet and for 7 percent grades that exceed 500-feet. The climbing lanes should be 
designed according to the criteria outlined in AASHTO. 
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These recommendations are based on the accident involvement rate of trucks for 
truck speeds that are reduced 10-to IS-mph below the average running speed of all 
traffic. Figure 4, Accident involvement rate of trucks, presented in the vertical 

geometry discussion indicates that the accident involvement rate for trucks more 
than doubles between an average running speed of lO-mph below all traffic and an 

average running speed of IS-mph below all traffic. The maximum grade and length 
recommendations were developed from the graphical solutions for critical grades in 

AASHTO. The values were selected so that the projected reduction in running speed 

falls at or below the 10-to IS-mph threshold. 

Research noted that the STAA Twins have unique operating characteristics that 
separate them from other large trucks in climbing conditions. Twins have a single 
drive axle on the tractor. This causes Twins to lose traction in climbing situations 

much sooner than other vehicles during snowstorms. The loss of traction coupled 
with the fact that it is virtually impossible for an STAA Twin to travel extended 
distances in reverse, would render a truck helpless if the vehicle became stalled while 

climbing a steep grade. This is a very dangerous situation for other vehicles 
traveling on the roadway and without a climbing lane traffic would be forced to 

detour or alternate passing the truck until it was removed. None of the researched 

publications provided guidelines for STAA Twins operating on grades in winter 
conditions. Therefore, current VAOT criteria for STAA Twins, which is based on a 

study conducted by the Agency, is recommended for approval within this study. 

Table 11 
Recommended Vertical Geometry Criteria 

I' 
WB67& ST AA 28-foot Twin 

II 75' Aut~transport 
-

Grade Length Grade Length 
Max Vertical Grade - 3-Seasons II 5% 1,000 ft 5% 1,000 ft 
Max Vertical Grade - 3-Seasons 

:1 

7% 500 ft 7% 500 ft 
Max Vertical Grade - Winter Ii 5% 1,000 ft 

5% < 1000 ft 
Without Climbing Lane ,I 3% > 1000 ft 
Max Vertical Grade - Winter 

11 7% 500 ft 
7% < 1000 ft 

With Climbing Lane I: i 5% > 1000 ft .' 

Based on review of the publications, current criteria, field study experience and 
consideration for the rural character of Vermont, VHB recommends the following 

minimum lane and shoulder widths for roadways experiencing either 5 to 10 percent 
truck traffic, an Average Daily Traffic (ADT) of greater than 2000 or a Design Hourly 

Volume (DHV) of greater than 400: 
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Table 12 
Recommended Pavement Width Criteria (Truck Traffic Between 5 & 10 Percent) 

II Pedestrians and/ or Pedestrian and/ or 
II Bicyclists Not Bicycle Traffic 

, 
II Anticirated An!!~ated _~>~, 

Minimum Lane Width (ft) 11 12 
Total Shoulder Width (ft) I 4 6 
Min. Paved Shoulder Width (ft) I 

--~---

2 6 

The additional lane width is recommended for anticipated bicycle and pedestrian 
traffic because trucks are more likely to encroach on the shoulder when the lanes are 
striped at an 11-foot width. This situation can cause other drivers to become 
uncomfortable and is potentially dangerous for bicyclists and pedestrians. 

Additionally, the following minimum widths are recommended if a roadway 
experiences 10 percent or higher truck traffic: 

Table 13 
Recommended Pavement Width Criteria (Truck Traffic Exceeds 10 Percent). 

Pedestrians and/ or Pedestrian and/ or 
Bicyclists Not Bicycle Traffic 

~-~~~~, 
j~nti~!J:>ated Anticit'ated 

Lane Width (ft) I 12 -{ 12 I 
Total Shoulder Width (ft) I 6 6 
Min. Paved Sho~lder Width (ft) I 6 6 

VHB recommends providing shoulders wider than 6-feet, if possible, to areas that 
experience high ADTs and high volumes of truck traffic. The wider shoulders 
increase the safety for trucks, other motorists, bicyclists and pedestrians. We 
recommend application of the Vermont State Standards in locations that do not meet 
the criteria listed above. 

Minimum bridge widths should be consistent with the minimum pavement 
requirements for each route. Many older bridges do not meet the recommended 
width criteria and they should be studied individually before permits are issued. 

The minimum recommended vertical clearance is 14-feet, 6-inches. This height is 
consistent with the New England Transportation Consortium envelope vehicle, the 
ST AA vehicle and the Turner Truck Proposal. 

Most states have a maximum Cross Combined Weight (CCW) limit of 80,000 lb. 
However, many trucks have a CCW that is more than 80,000 lb. Allowable bridge 
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loading is largely dependent on the capacity of the bridge, the weight of the vehicle 
and axle placements. The large variety of axle placements makes it near impossible 
to develop one standard for oversize/overweight vehicles. To maintain safety and 

protect the infrastructure, oversize and overweight vehicles must be subjected to 
individual review and the proposed route bridges must be examined prior to 

permitting. We found this procedure to be common in the six states that we 
contacted for vehicle and permit information. 

The biggest constraint for large trucks at intersections is the radius of the curve. VHB 
recommends a minimum curve radius of 60-feet for intersections accommodating 

large trucks. This recommendation is based on the report by Zegeer et al. and is 

qualified in that adequate pavement widths consistent with the previous 
recommendations are provided. We also recommend that low profile, mountable 
type curb be placed at non-urban, low-speed intersection locations where 5 to 10 

percent trucks are expectedll
• 

Table 14 
Recommended Minimum Curve Radius at Intersections 

Minimum Intersection Comer Curve Radius 60-feet (Curbed & Uncurbed) 

Large trucks also require additional sight distance at intersections. Intersections 
where large trucks travel should be analyzed based on the acceleration characteristics 
of trucks. It is clear from the researched publications that intersection sight distance 

requirements need further investigation. We recommend utilizing either the 
discussion by ITE presented in Appendix C or the discussion presented in the 1997 
TRB report, Truck Operating Characteristics, for guidelines when analyzing or 

designing intersections that accommodate large trucks. 

Warning signs for trucks should be placed in locations that give large trucks 
sufficient time to react to the changing roadway conditions. Based on the 
implementation of ABS in the trucking fleet, a majority of the current sign 

placements should be adequate. 

Surrounding Environment 
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The field study showed that many routes in Vermont travel through historic and 
urban areas that are congested and challenging for large trucks. Many urban areas 
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have a significant amount of pedestrian and bicycle traffic, on-street parking and 
narrow pavement widths. If possible, large trucks should avoid those locations and 
suitable alternate routes should be explored. 

Runaway Truck Ramps 

Due to the lack of data and studies on runaway trucks, VHB recommends following 
the runaway ramp procedures outlined in AASHTO. Locations for runaway trucks 
can be determined by the surrounding environment and safety concerns. 
Approximate operating speeds can be found using the charts provided in the 
AASHTO Design Guide. 

Seasonal Conditions 

K\PRI 509361 

Flnalreport.doc 

Presently, the DMV Vehicle Permitting Regulations prohibit any type of large truck 
travel during inclement weather [as defined in the regulations]. We concur with this 
regulation. We also recommend limiting doubles to interstate travel during the 
winter season should Vermont choose to allow doubles to travel on state roads. 
Roadway conditions should be considered before issuing permits for travel in the 
winter. Many roads that meet the recommended geometric criteria may be unsafe 
for large truck travel during the winter because of reduced effective roadway widths 
due to snow that is piled up on the shoulders and snow accumulation on roadway 
surfaces. 
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Comparison of Current VAOT Approved Criteria with 
Study Recommendations . 

Horizontal Curvature 

Current VAOT Criteria 
Ii Doubles 48' Trailers I Long Stingers 
I' 

Current AADT 
1.1 <1000 >1000 <1000 I >1000 I <1000 >1000 

-, 

" 

,,-f---------_t____ 
[ Max Horizontal Curve (deg) .' 15 I 15 16 16 il 25 25 

" 

Study Recommended Criteria 

Maximum Horizontal Curve - simple curve I! 10° - 00' - 00" (573-foot radius) 

Maximum Horizontal Curve reverse curve II l' - 00' - 00" (818-foot radius) 
" 

Stopping Sight Distance 

Current VAOT Criteria: 
No current criteria. 

Study Recommended Criteria 

Stopping Sight Distance (ft) 

Design Speed AASHTO Worst Best I Antilock 

(mph) Criteria for Performance Performance 

I 

Brake System 

Passenger Driver Driver (ABS) 

l,:~ Trucks 

20 125 -125 150 i 125 t-- 125 

30 200 - 200 300 250 200 

40 275-325 500 375 I 325 

50 400-475 725 525 I 475 
~,. .,,-------" 

60 525 - 650 975 700 600 

70 625 - 850 1275 900 775 

Passing Sight Distance 

Current V AOT Criteria: 
No current criteria. 

Study Recommended Criteria: 
Study recommends a 50 percent increase over the MUTCD recommended 
values for vehicles passing trucks. 
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Vertical Geometry 

Current V AOT Criteria 
'i 
I: Doubles I 48' Trailers I Long Stingers 
I 

j <1000 I >1000 I 
I 

Current AADT <1000 >1000 <1000 ! >1000 
II I 

I 

I 

I 
Max Grade without I: 5 % winter 3 % winter 

I 

, 
, 9% 7% 

I 
9% 7% 

Climbing Lane 9%summer 7% summer ! 

Max Grade with 7% winter 5 % winter I 

I 

I 
i ! N/A N/A 

I 
N/A N/A 

Climbing Lane N/Asummer N/Asummer I I 

" 

Study Recommended Criteria 
" 

II WB 67 & 75' Autotransport STAA 28-foot Twin 

.," 
r' Grade I Length Grade -+ Len~ 

Max Vertical Grade - Summer ~ 5 % 1,000 ft 5 % , 1,000 ft 

I 
! 

Max Vertical Grade - Summer 7% 500 ft 7% 500 ft 

Max Vertical Grade - Winter 

II 

5% < 1,000 ft 
5% 1,000 ft 

Without Climbing Lane 3% > 1,000 ft 

Max Vertical Grade - Winter 

I 
7% < 1,000 ft 

7% 500 ft 
With Climbing Lane 5% > 1,000 ft 

Pavement Width 

Current V AOT Criteria 
" 

1 Doubles 48' Trailers Long Stingers_ 

Current AADT <1000 I >1000 I <1000 >1000 <1000 I >1000 

Minimum Paved Width 22 I 24 +--; 24 22 I 24 

Minimum Roadway Width 30 I 34 30 34 30l-~ 

Study Recommended Criteria 
Conditions: Between 5 % and 10 % Trucks, ADT> 2,000 or DHV > 400 

II 
I: Pedestrians and/ or Pedestrian and/ or Bicycle 
11 

II Bicyclists Not Anticipate Traffic An tici pa ted 

Lane Width (ft) 'il 11 12 
II 

Total Shoulder Width (ft) i'; 4 6 I, 

Min. Paved Shoulder Width (ft) II 2 6 

Study Recommended Criteria 

i-'-o , Conditi<?~s: Truck Traffic Exceeds 10 %, ADT > 2,000 or DHV > 400 

I! Pedestrians and/ or Pedestrian and/ or Bicycle 

;l Bicyclists Not Anticipate Traffic Anticipated 

Lane Width (ft) 12 12 

Total Shoulder Width (ft) ,j 6 6 

Min. Paved Shoulder Width (ft) II 6 6 II 

Bridge Criteria 

Current V AOT Criteria 
~" 

I Doubles I 48' Trailers Long Stingers 
, 

I 

I T <1000 I Current AADT <1000 
, 

>1000 <1000 >1000 >1000 I 

Minimum Bridge Width (ft) 30 I 34 I 30 I 34 30 
I 

Study Recommended Criteria: 
Minimum bridge widths should be consistent with the minimum 
recommended pavement widths. The minimum recommended vertical 
clearance is 14-feet, 6-inches. 

Intersections 

Current V AOT Criteria: 
No current Criteria. 

Study Recommended Criteria: 
The recommended minimum curve radius at curbed and uncurbed 
intersections is 60-feet. 

Sign Placement 

Warning signs for trucks should be placed in locations that give large 
trucks sufficient time to react to the changing roadway conditions. 

Surrounding Environment 

If possible, large trucks should avoid congested and historic urban areas 
that have on-street parking and pedestrian and bicycle traffic. Suitable 
alternate routes around these locations should be explored. 

Runaway Truck Ramps 

We recommend following the runaway truck ramp procedures outlined in 
AASHTO. 

Seasonal Conditions 

Large trucks should avoid roads with extreme vertical and horizontal 
geometry during winter storm events and seasonal conditions should be 
considered before a permit is granted. 
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Glossary 

A-DoIly-the simplest and most widely used dolly for converting semitrailers into full 
trailers. See "dolly." 
Aerodynamic drag-the net force resisting vehicle forward motion created by the air 

flowing around the vehicle. 
American Association of State Highway and Transportation Officials (AASHTO)

an organization that creates policies on highway and street design. 
Antilock brakes-braking systems that automatically modulate the braking effort 
should a wheel begin to "lock up," providing better control of a vehicle undergoing 

heavy braking. 
Articulation-the hitch connection between two units of a multi-unit truck that allows 
the trailing unit to rotate horizontally (yaw) relative to the leading unit. 
Average Daily Traffic (ADT)-the total volume during a given time period (in whole 

days), greater than one day and less than one year, divided by the number of days in 

that time period. 
Axle load-the vertical force imposed on the road by all the wheels on an axle. If the 
vehicle is stationary, the load is said to be the static axle load; if it is moving, the 

instantaneous force is known as the dynamic axle load. 
Axle separation (axle spread)-the longitudinal distance between the centerlines of 

the wheels on two adjacent axles in a multiple-axle group. 
Axle tramp-a form of wheel hop vibration in which wheels on the opposite ends of 

an axle bounce out of phase. 
B-dolly-a type of dolly commonly used in Canada, but not in the United States, using 
double draw bars instead of the single draw bar of the A-dolly pintle-hook 

arrangement. 
Bobtail-a truck tractor running with no trailer attached. 
Bridge fatigue-a weakening of the structural elements of a bridge due to repeated 

application of loads. 
Bridge Formula B-a standard formula used to define the allowable weight of any 
group of truck axles, based on their number and overall longitudinal spacing, to limit 

bridge fatigue. 
Cab-over-engine-a type of tractor in which the driver compartment is located above 

the engine, producing a shorter tractor than one with a conventional cab. 
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Capacity (highway)-the maximum hourly rate at which vehicles can reasonably be 

expected to traverse a point or uniform section of a roadway. 
Cargo body length-the external length of that portion of a truck or trailer body 

intended for carrying cargo. 
Center of gravity (cg)-the point where the weight of the truck and/ or body and 
payload appears to be concentrated. The longitudinal position of the cg determines 
the distribution of load between the front and rear axles. The height of the cg above 

the ground is important to rollover potential. 
Class 7, Class 8-a means of classifying heavy trucks by their weight. Class 7 trucks 

have a GCW of 15 000 kg (33,000 lb), and Class 8 trucks have weights over 15 000 kg 

(33,000 lb), but generally not over 36000 kg (80,000 lb). 
Clear zone-the area alongside a roadway clear of trees and other obstacles that a 

vehicle might otherwise hit if it ran off the road. 
Clearance interval-the "yellow" plus "all red" intervals that occur within the cycle of 

a traffic signal to provide for clearance of traffic in an intersection before conflicting 
traffic movements are released. 
Conventional (cab)-a truck in which the engine compartment protrudes forward 

from the driver cab. 
Cornering coefficient-tire cornering stiffness divided by its vertical load. 
Cornering stiffness-the rate of buildup of lateral force per degree of slip on a tire. 
Cubic capacity (cube)-the volume (cubic meters or feet) in the truck available for 

carrying cargo. 
Density (cargo)-the weight of the cargo divided by its volume. 
Density (traffic)-the number of vehicles on a roadway per unit length of the 

roadway. 
Design Hourly Volume (DHV)-the 30th highest hourly traffic volume of the year 

(about 15% of the ADT). 
Divisible Load-a load that can be easily broken down into length, width, height 
dimensions which meet the legal weight criteria for Vermont. 
Dolly-a component of a truck combination, containing one or more axles, a turntable 

or fifth wheel, and a pintle hook. Placed under the front of a semitrailer with 
compatible hardware, it converts the semitrailer to a full trailer. 

Double-a truck combination consisting of a tractor and two trailers. 
Drag-the forces acting on a vehicle that tend to slow it down. These include 

aerodynamic forces, rolling resistance of the tires, gravitational forces if operating on 

a grade, etc. 
Driver eye height-the height of the eyes of the vehicle's driver, a function of the 

seating height, and important in stopping sight distance considerations. 
Duals (or dual tires)-two tires on the same end of an axle, used to carry more load 

than a single tire could carry. 
Dynamic load-see "axle load." 
Effective mass-the combined equivalent mass of a vehicle resisting acceleration 
arising from its actual mass plus the inertia of its rotating components. 

Engine retarders-devices on some truck engines enabling the driver to convert the 
engine's purpose from supplying power to absorbing power, used to assist in 

braking on downgrades. 
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Equivalent single axle load (ESAL)-the number of passes of a truck axle that causes 

the same fatigue or rutting wear to a pavement as is caused by a dual-tire axle loaded 
to 8000 kg 18,000 lb . 
Fifth Wheel-coupling device located on tractor's rear frame used to join front end of 

the trailer to the tractor (a round flat plate with a v-shaped notch in the rear). 
Flexible pavement-typically an asphaltic pavement, with wear characteristics that 
differ from rigid pavements. 

Flow rate-the number of vehicles passing a point on a roadway per unit time. The 
roadway's "capacity" is the maximum flow rate reasonably achievable. 

Foundation brakes (or service brakes)-the truck brakes normally used for stopping 
or controlling speed on downgrades. 
Friction demand-the lateral force on an axle necessary to hold a vehicle on the road 

in a curve, normalized by its vertical load. 
Grade-the slope of a road along the direction of travel, normally characterized by the 

vertical rise per unit of longitudinal distance. 
Gross combination weight (GCW)-the actual weight of an entire combination of 

vehicle components (tractor, trailers, dollies), including all equipment, fuel, body, 

payload, driver, etc. 
Gross vehicle weight (GVW)-the actual weight of a single vehicle unit, including all 

equipment, fuel, body, payload, driver, etc. 
High-speed off tracking-off tracking at speeds sufficiently high that the rear axle(s) 
track to the outside of a turn or curve relative to the front axle. 

Highway Capacity Manual (HCM)-a highway design document written and 

periodically updated by the Transportation Research Board. 
Hitch locations-the longitudinal and vertical positions of connections between the 
individual vehicle units making up a combination vehicle (e.g., the fifth-wheel 

connection between a tractor and a semitrailer). 
Indivisible Load-any load or vehicle exceeding applicable length or weight limits 

which, if separated into smaller loads or vehicles would: (1) compromise the 
intended use of the vehicle, i.e., make it unable to perform the function for which it 
was intended; (2) destroy the value of the load or vehicle, i.e., make it unable for its 
intended purpose; or (3) require more than 8 workhours to dismantle using 

appropriate equipment. 
Intersection sight distance-the distance along a crossroad needed for a driver to 

determine whether there is adequate time to accelerate from a stopped position 
across an intersection or onto the crossing roadway without conflicting with cross 
traffic. 

Jackknifing-a condition in which a towing unit (truck or tractor) rotates out of 
alignment with a trailer in an uncontrolled manner. Jackknifing usually occurs when 
the rear wheels of the towing unit lose traction when braking, causing it to spin out 

on the road. It can also occur when maneuvering or backing in close quarters. 
Kinematic Model-a real time model providing analyses of a particular scenario 
through use of various mathematical calculations. 

King pin-the pin protruding from the front of a trailer by which the trailer connects 

to the fifth wheel hitch on the tractor, allowing the towed unit to pivot. It is the point 
from which axle spacings are measured in off tracking calculations. 
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Kingpin-to-Rear Axle-distance between the kingpin and center of the rear axle or 

axles. This is the critical distance effecting the offtracking phenomenon because the 
trailer pivots on the kingpin during turning maneuvers. 
Lateral track width-the distance measured laterally between the centers of the tires 

or tire sets on an axle. 
Level of service (LOS)-a qualitative measure used by traffic engineers that 
characterizes the operational conditions within a traffic stream, ranging from A (very 

light, free-flowing traffic) to F (congested, stop-and-go traffic). 

Load enforcement-actions and practices of government agencies to prevent vehicles 
from operating in violation of load limits. This is often accomplished by installing 

weigh scales along the roadway to monitor truck weights, conducting unscheduled 
roadside inspections and weighings by Motor Carrier Enforcement Officers, and, 

more recently, placing "weigh-in-motion" equipment in the roadway to measure the 

weight of passing trucks. 
Longer combination vehicles (LCVs)-heavy trucks with a variety of specific 
definitions, but generally referring to the vehicle combinations that are longer or 

heavier than those in common use across the country. 
Low-speed off tracking-off tracking at very low speeds in which the rear axle(s) of a 

vehiCle track to the inside of a tum or curve relative to the front axle. 

Manual On uniform Traffic Control Devices (MUTCD)-a Federal Highway 
Administration document on signing and other traffic control devices used by traffic 

engineers. 
Maximum off tracking-the maximum distance between the inside front tire and the 

inside rear tire as a vehicle traverses a specific tum or curve. 
Maximum wheel cut-the maximum angle to which the front (steering) wheels of a 

vehicle can be steered. 
Minimum turn radius-the minimum radius of the path of the outside front wheel of 

a vehicle, on which subsequent off tracking calculations are based. 
North American Free Trade Agreement (NAFTA)-an agreement among Mexico, the 

United States, and Canada fostering free trade. It has heavy vehicle transportation 
implications for the future. 

Off tracking-the distance between the path of the front inside wheel and the path of 
the rear inside wheel as a vehicle traverses a curve or tum. Off tracking is a function 
of the wheelbases of the tractor and trailers and the number of articulation points. At 
high speeds the reverse can occur. 

Overall height-the height from the road surface to the highest rigid part of a vehicle 

body or payload, excluding foldaway or flexible components such as antennas, etc. 
Overall length-the longitudinal dimension from the front to the rear of a vehicle or a 
combination of connected vehicle units. 

Overall width-the nominal design dimension of the widest part of the vehicle, 

exclusive of signal lamps, marker lamps, outside rearview mirrors, flexible fender 

extensions, and mud flaps, determined with doors and windows closed and the 
wheels in the straight-ahead position. 

Passenger car equivalent (PCE)-the number of passenger cars to which a given truck 

is equivalent in determining capacity and level of service, as a function of grade and 
the percentage of trucks in the traffic flow. 
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Passing sight distance (PSD)-the distance a passing vehicle on a two lane road will 

travel during the time it is making a pass, plus an equal distance that an oncoming 
vehicle will travel during that time, plus a clearance distance or safety factor. 

Pavement fatigue-a gradual deterioration of the road structure as a result of the 
repetitive stresses from vehicle passages, which eventually results in failure of the 
material (cracking). 
Pavement rutting-depression in the wheel tracks of a road surface caused by 

compaction of the layers or creep flow of the materials under the loading of vehicle 
tires. 

Pavement wear-the actions of passing vehicles that cause deterioration of the road 

structure, principally resulting from contributions to the cumulative fatigue of the 
structure or to rutting of an asphalt surface. 
Payload density-the average weight per unit volume of the payload on a vehicle. 

Payload volume-the volume occupied by the payload of a commercial vehicle, or the 
volume available for payload. 
Pintle hook-a type of hitch incorporating a draw bar and a hook-and-eye 
arrangement to couple a full trailer with a leading unit of a vehicle combination. 

Rear overhang-the length of a vehicle body that extends behind the rearmost axle. 
Rearward amplification-the phenomenon that the rear units of a combination 

vehicle respond with higher amplitudes of lateral motion than the steering inputs at 
the front of the vehicle. 

Rigid pavement-a class of pavement in which the road is a "rigid" material (most 
frequently, portland cement concrete), as contrasted with "flexible pavements." 

Road roughness-vertical deviations of the road surface from a flat surface that 
induce ride vibrations in vehicles. 

Roll stiffness-the resistance to vehicle body roll provided by a suspension system. 
Rollover threshold (RT)-the lateral acceleration level that will cause a vehicle to roll 
over. 

Run-off (escape) ramps-ramps built alongside some highway downgrades for the 
purpose of stopping trucks that have lost their braking ability. 
Rutting-see "pavement rutting." 

Service brakes (foundation brakes)-the truck brakes normally used for stopping or 
controlling speed on downgrades. 
Skid resistance-standardized measure of the frictional properties of a road surface. 

Slab length-the nominal length of rigid pavement slabs when originally constructed. 
Slip angle-the difference between the direction a tire is pointed and the direction it 

travels when a vehicle is in a turn. Slip angles occur when a tire generates lateral 
force to counteract lateral accelerations in a tum. 
Sprung mass-the portion of the weight of a vehicle that is supported by its 
suspension. 

Steering ratio-the ratio of the steering wheel angle to the road wheel steer angle. 
Stopping sight distance-the distance required to stop a vehicle from the time the 
driver sees an obstruction in the road ahead. Traditionally, the obstruction is taken 
as a 1S-cm (6in.) high object on the roadway. The distance includes that traveled 

during the driver's perception/reaction time, typically about 2 sec. 
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Super-single-a wider than normal tire used by some segments of the trucking 
industry in place of a pair of dual tires, to improve productivity, safety, and fuel 

consumption, but at the possible cost of increased pavement wear. 
Superelevation-the practice of elevating the roadway surface on the outside of a 

curve or tum, to improve the ability of vehicles to traverse the curve or tum at higher 
speeds. It is measured as the increase in vertical elevation divided by the width of 

the roadway. 
Swept path-the maximum distance between the outside front tire and the inside rear 

tire as a vehicle traverses a specific turn or curve. It is approximately the sum of the 

maximum off tracking and the vehicle width. 
Swing out-excursions of the extremities of a vehicle body beyond the path followed 

by its wheels in a turn. 
Tandem-two closely spaced axles on a truck; they share the load placed on them and 

tend to function as a unit. 
Tare weight-the weight of a container and the materials used for its packing. As 
applied to a loaded truck, it is the weight of the truck, exclusive of its contents. 

Tire contact patch-the area enclosed by the outer boundary of contact between a 

loaded tire and the road. 
Tire rolling resistance-the resistance to forward motion experienced by a freely 

rolling tire. 
Tire width-tire section width is the maximum width of the cross section of the 
inflated tire; tire tread width is the nominal width of the tread that contacts the road. 

Track width (tread)-the lateral distance between the centerlines of tires on opposite 

ends of an axle. When dual tires are present, it is the distance between the 
centerlines of the dual wheel assemblies. 
Trailer swing-a condition in which a towed unit rotates out of alignment with the 

towing unit. Trailer swing usually occurs when the rear wheels of the towed unit 
lose traction when braking, causing it to swing out from the path of the tractor. 

Compared to jackknifing, trailer swing is potentially controllable. 
Tridem-three closely spaced axles on a truck; they share the load placed on them and 

tend to function as a unit. 
Triple-a truck combination consisting of a tractor and three trailers. 
Truck Width-the 1982 Surface Transportation Assistance Act (STAA) increased the 
maximum limits on truck widths. A new federal standard of 102 inches was 

implemented on National Highway System roads with 12-foot lanes. 
Turner Truck Proposal-a truck concept introduced in 1984 by former Federal 

Highway Administrator, Francis C. Turner. The proposal suggests incorporating 
heavier truck weights while utilizing more axles, so the GCW is distributed in such a 
way as to cause less pavement and bridge wear due to the lower axle loads (more 

axles per truck). The TRB conducted a study soon after the proposal was introduced 

and found that if Turner Trucks were introduced to all states, shipping costs would 
be reduced without compromising vehicle safety due to the ability of large vehicles 
to transport heavier cargo while maintaining the allowable per axle load. This results 
in fewer trips overall. 

Turntable-a type of hitch that is free to rotate in the horizontal plane (yaw) but is 

constrained from rotating in pitch or roll. 
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Twin-double van-type trailers, as opposed to tankers or other types of trailers. 
Walking beam-a type of truck tandem suspension in which the two adjacent axles 

are attached at opposite ends of beams (left and right side) that support the vehicle 
frame through springs located at the central pivot of the beams. In the United States 

they are mainly used with off-road vehicles; when used on the highways, they are 

unusually damaging to pavements. 
Wander-the variation in lateral position of trucks in a road lane, the result of which 
modifies the pavement damage estimates made without consideration of this 

phenomenon. 
Weigh-in-motion-an instrument placed in the roadway to measure the load under 

the tires of a passing truck. 
Weight-to-power ratio-the weight of the combination vehicle divided by its engine 

power, typically measured as kg per kW (lb per hp). It is the first-order determinant 
of the vehicle's capabilities for acceleration and speed maintenance on a grade. 

Wheel hop-a bouncing motion of wheel and axle assemblies caused by bumps in the 
road or triggered by application of the vehicle's service brakes. 
Wide base-a wider than normal tire used by some segments of the trucking industry 

in place of a pair of dual tires, to improve productivity, safety, and fuel consumption, 

but at the possible cost of increased pavement wear. 

Note: Glossary terms taken from references; 1, 11 & 26 
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The following discussion defines the data collection process and methodology for the 
Vermont Agency of Transportation (VAOT) Truck Network Analysis conducted by 
Vanasse Hangen Brustlin (VHB), Inc. This discussion supplements the information 
presented within the Vehicle Related Criteria Report. 

Literature & Publications Search 

• 
Publications 

• 
Internet 

Nhbed\projects\50936\docs\reports\ 

FinalReport\a.ppendices.doc 

A comprehensive literature and publication search was conducted to identify 
previously published material about the combination of roadway geometry and large 
trucks. Many studies have been conducted through the years, but few provided 
comprehensive discussions about the operation of oversize/overweight trucks in 
rural environments . 

Information was requested from various engineering societies, libraries and 
educational institutions. A significant amount of the available data was published 
before the Surface Transportation Assistance Act (STAA) of 1982. Many studies have 
been completed about twin trailers, large truck operations at interchanges and access 
for trucks to the National Highway System (NHS), but few provided comprehensive 
recommendations for geometric roadway criteria in rural states. Approximately 50 
publications were reviewed prior to developing the Criteria Report. Information was 
also requested from other states in the New England region to learn how other 
agencies process permits for large trucks and oversize/ overweight vehicles. A 
summary of that information is provided within the body of the Criteria Report. 

Over two-hundred (200) Internet sites were investigated and they included; libraries, 
engineering societies, such as the American Society of Civil Engineers (ASCE), 
Institute of Transportation Engineers (ITE) and Engineering Information (EI), various 
states, the Federal Highway Administration (FHW A), universities, states the federal 
government, truck manufacturers and trucking associations. These sites were 
researched to locate any published materials pertaining to large trucks and geometric 
design criteria. Information was downloaded or requested for use in the study. 
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• 
Trucking Industry 

• 

Trucking industry associations and societies like the American Trucking Association 
(ATA), the New England Transportation Consortium (NETC) and various vehicle 
manufacturers were contacted via telephone or the Internet. Information from these 
sources provided raw data on truck operating characteristics as well as information 
on the permitting and operations of the trucking industry in New England. 

Vermont Agency of Transportation (VAOT) 

• 
Recommended Criteria 

The V AOT provided electronic and hard copy data relating to high accident locations 
(HAL's), roadway and bridge sufficiency reports, route logs and video logs and 
record plans of the identified constriction locations. All of this information was used 
to help identify potential constriction areas before the field study was conducted as 
well as to verify constrictions after the inventory. 

Due to the limited amount of available information it was clear from the start that the 
definition of recommended geometric criteria for large truck operations was going to 
be an iterative process. The current geometric criteria provided by the V AOT, 
coupled with the geometric criteria recommended in the researched publications, 
provided the foundation with which the recommended geometric criteria were 
developed. The criteria were refined following the collection of data from the first 
set of field observations. These refinements were based on observed truck operating 
characteristics combined with sound engineering judgement. The revisions consisted 
of revising the criteria based on observations of trucks negotiating areas that were 
initially flagged as potential constriction points. 

Field Data Collection 

Nhbed\projects\50936\docs\reports\ 
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A majority of the roadway geometry at constriction locations was collected during a 
comprehensive field investigation of 31 routes. The V AOT selected the routes for the 
study. They included 5 principal arterials, 23 minor arterials and 3 major collectors. 
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• 
Field Data Collection Process 
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A significant amount of time was spent viewing the video logs and reviewing the 

route logs to identify potential constraints. Potential problems were identified on the 
route logs by noting locations with sharp horizontal curves, steep grades, narrow 

pavement widths and numerous accidents. Following the route log review, the 
video logs were scanned to verify constriction points located on the route logs and 

identify any other potential constriction points not found on the route logs. 
Following review of the route and video logs, the criteria was 'field tested' by driving 

each of the identified routes and verifying the proposed constriction points. 

The field data collection process was conducted by combining current technology 
with engineering judgement. The data was collected with a laptop computer, GPS 

receiver and a database. When a constriction point was encountered, the point's 

position (located with the GPS receiver) was entered into the database along with 
pavement measurements, pavement conditions, surrounding environment 

information and other geometric criteria such as the degree of curvature, length of 

curve, grade percentage and/ or length of grade that were found on the route logs. A 
full list of the input variables is presented below in Figure 1. 

Figure Ia - Main Data Screen for Route Inventory Database. 
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Figure Ib - Detail Input Screen for Route Inventory Database. 

Figure Ie - Comment Screen for Route Inventory Database 
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The constriction points were verified by applying a combination of the 
recommended criteria, observed truck operations at potential constriction points and 
engineering judgement based on field experience. 

Later in the study, sections of routes were driven and compared with the route logs 
after data for the potential constriction points was entered into the database. This 
method was utilized to check the accuracy of the field investigation against a known 
set of geometric criteria that was used to locate constriction points on the route logs 
and video logs. It was found that the field investigation, without previous 
knowledge of potential constriction points, identified a large majority of the areas 
noted on the route logs and video logs. This test provided a level of comfort in that 
the recommended criteria, applied with engineering judgement in combination with 
a field study, identified a vast majority of the constriction points on the routes that 
were studied (see figure 2). 

Figure 2 - Constriction Points Located on Delorme TopoUSA. Note: Constriction points are noted as red and blue "pins" . 

• 
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Geographic Information System (GIS) Map 
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The constriction points gathered in the database were incorporated into a GIS map of 
the State of Vermont. This map allows the user to query potential truck routes and 
compare the roadway geometry, based on the recommended criteria, against a 
specific truck's operating characteristics. This map is a powerful tool because it will 
give the V AOT a potential planning tool and provide the Department of Motor 
Vehicle's (DMV) Commercial Vehicle Unit with a process that streamlines 

permitting, investigation and issuance. 
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The following discussion on intersection sight distance (ISO) was taken from the 
February 1992 ITE study titled Geometric Design and Operational Considerations for 
Trucks. This Appendix is a reproduction of the ITE document and is provided for the 
reader to further understand the elements that determine ISO and how they impact 
trucks. 

Intersection Sight Distance 
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liThe Green Book [1] intersection sight distance (ISO) procedures are based primarily 
on consideration of the passenger car as the design vehicle. However, highway 
design and operational criteria should consider the characteristics of all vehicles 
using a facility with reasonable frequency. Harwood et al. [7] determined the sight 
distance values of large trucks at intersections. The analysis used trucks that have 
been permitted since the STAA. Following is a summary of the findings for the stop

controlled intersection sight distance case. 

Case III-A--Crossing Maneuver. Intersection sight distances based on the Gillespie 
model [14] for clearance time (discussed in Section 2.4) and the Green Book are listed 
in Table 15. Use of the Gillespie model for longer trucks resulted in increased 
clearance time which resulted in a 14 percent increase in sight distance required for a 
70-ft tractor-semitrailer truck and a 17.5 percent increase for a 75-ft tractor
semitrailer-full trailer truck over an AASHTO 55-ft truck. 

Cases III-B and III-C--Turning Left or Right onto a Cross Road. Cases III-B and III-C 
have considerably longer sight distances than Case III-A because more time is 
needed to tum left or right and accelerate to either 85 percent of design speed or to 
the design speed than is used to cross an intersecting roadway. The intersection sight 
distance discussion presented in Green Book [31] for Cases III-B and III-C lacked 
sufficient information to derive the AASHTO sight distance values (shown on 1984 
Green Book Figure IX-27). Equations were developed to generate the 1984 Green 
Book ISD values based on information presented in the Green Book [7]. These 
equations were also used to produce truck sight distance values. Listed in Table 16 
are the truck sight distance values for the B-1, B-2a & Ca, and B-2b & Cb procedures 
(see Figure 10) based on Gillespie's [14] or Hutton's [15] acceleration information (see 
Section 2.4) and truck lengths determined from the literature [7]. Also listed are the 
passenger car intersection sight distance values from both the 1984 and 1990 Green 
Books. (The 1990 Green Book provides equations to calculate the sight distances for a 
turning vehicle to accelerate to 85 percent of design speed while the major road 
vehicle decelerates from design speed to 85 percent of design speed. However, the 
equations as listed in the 1990 Green Book do not include deceleration terms. 
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Therefore, the equations developed to reproduce the 1984 Green Book were used to 
calculate the sight distances shown in the tables.) 

However, Harwood et al. [7] noted, it is clear from operational experience that sight 
distances as long as 3,400 ft are not necessary for safe operations at intersections, 
even where large trucks are present. Very few intersections have such long sight 
distances available, and it is unlikely that drivers could accurately judge the location 
and speed of an oncoming vehicle at a distance of 3,400 ft. Rather, the results 
indicate that using the procedures based on the 1984 Green Book for Cases llI-B and 
III-C for truck intersection sight distance does not realistically represent operations at 
an intersection. The authors concluded that further investigation into the operations 
at intersections is needed to determine viable sight distance values for different types 
of vehicles."ll 

Table 15 
Case III·A Intersection Sight ~istance (ISO) for Trucks.11 

Major Road AASHTO 
Calculated lSDb (ft) 

Vehicle lSD" (ft) 

Speed 
Truck55-ft 70-ftTruck 75-ft Truck 

(roi/h) 

20 370 423 435 
25 463 528 544 
30 556 634 653 
35 648 740 762 
40 741 845 870 

45 833 951 979 

50 926 1,057 1,088 

55 1,019 1,162 1,197 
60 1,111 1,268 1,306 

65 1,204 1,374 1,414 

70 1,297 I 1,479 I 1,523 I 
a Based on pavement width of 30-feet, distance from edge of pavement to front of vehicle of 10-feet, and 

distance-time curve for a WB-50 design vehicle on Figure IX21 in 1984 AASHTO Green Book or Figure 
IX-33 in 1990 AASHTO Green Book. 

b From Harwood et al. [7] 
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Table 16 
Intersection Sight ~istance (ISO) Values. 11 

Design I AASHTO PC ISD Calculated ISD (ft)' 

Speed (ft) Based on Green Book data Based on Literature data 
(mi/h) GB84A GB90b PCd Trucke 70-ft truck 75-ft truck 

Curve B-1 

20 300 210 272 687 584 596 

25 350 260 340 858 730 745 

30 425 310 408 1,030 875 894 

35 500 360 476 1,202 1,021 1,043 

40 550 420 544 1,374 1,167 1,192 

45 625 470 612 1,545 1,313 1,341 

50 675 510 680 1,717 1,459 1,490 

55 750 570 748 1,889 1,605 1,639 

60 825 620 816 2,060 1,751 1,788 

65 875 670 884 2,232 1,897 1,937 

70 950 710 952 2,404 2,043 2,086 

Curve B-2a & Ca 

20 250 249 670 NAf NA 

25 340 343 903 449 538 
30 450 460 1,179 639 873 

35 580 604 1,516 959 1,236 

40 750 781 1,938 1,362 1,708 

45 950 990 2,483 1,772 2,230 

50 1,190 1,233 3,199 2,311 2,694 

55 
I 

1,440 1,512 NA 2,885 NA 

60 1,730 1,832 NA 3,406 NA 

65 2,100 2,197 NA NA NA 

70 2,500 2,612 NA NA NA 

Curve B-2b & Cb 
20 250 240 249 670 NA NA 
25 325 300 343 903 449 538 

30 425 370 460 1,179 639 873 

35 525 470 494 1,213 673 907 

40 660 570 638 1,549 993 1,270 

45 825 710 814 1,971 1,395 1,741 

50 1,025 850 1,023 2,156 1,804 2,263 
55 1,225 980 1,266 3,232 2,343 2,727 

60 1,475 1,150 1,545 NA 2,918 NA 

65 

I 

1,725 1,350 1,865 NA 3,439 NA 
70 2,000 1,550 1,906 NA 3,480 NA 

• From Figure IX-27 In 1984 Green Book. 
b From Figure IX-40 or concept is briefly discussed in 1990 Green Book. 
, Values calculated from equations developed to reproduce 1984 Green Book values [7]. 
d Based on PC acceleration data in the 1984 Green Book. PC acceleration data was updated in the 1990 Green Book version. 
• Based on truck acceleration data available in the 1984 and the 1990 Green Books. 
f NA = Acceleration time and distance information is not available. 
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Figure 10 - Sight distance for left-and right-turn maneuvers." 
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The following discussion on railroad-highway sight distance was taken from the 
February 1992 lTE study titled Geometric Design and Operational Considerations for 
Trucks. This Appendix is a reproduction of the lTE document and is provided for the 
reader to further understand the elements that determine the railroad-highway sight 
distance triangle and how they impact trucks. 

Railroad-Highway Sight Distance 
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"Both the FHWA Handbook [32] and the Green Book [1] use the same principles for 
determining sight triangles at railroad-highway grade crossings (see Figure 11 for 
schematic of the sight triangle). The sight distance values for large trucks were 
determined using truck characteristics identified from the literature in the sight 
distance procedures [7]. Following is a summary of the findings. As in the findings 
for ISD (see Section 6.2.3 above), the calculated truck SD values should be used with 
caution since the values were determined from sensitivity analyses and have not 
been validated with field observations. 

~ '''01>1>'''' YIIIlld. Si9ht TrlGn\l1e 

Source: Modification of 1984 Green Book Figures IX-70 and 71 as shown in Reference 7. 

Figure -11 Schematic of sight distance triangle for a railroad-highway intersection." 
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Sight Distance Along Highway for a Moving Vehicle. The sight distance along the 
highway ahead to the crossing (dH ) increases significantly in comparison to the 
FHW A values when the increased stopping sight distances of trucks are considered. 
Table 17 presents the current (FHWA) sight distances and the sight distance for 
worst-performance and best-performance truck drivers. While the effect appears 
minimal for a truck with the best-performance driver (between 7 to 22 percent 
increase in sight distance), significant increases in sight distances result for a truck 
with the worst-performance driver (between 30 and 54 percent increase). 

Sight Distance Along Tracks for a Moving Vehicle. The sight distance values along 
the track (dT) for a 70-ft truck are listed in Table 18. A 70-ft truck has an approximate 
23 percent increase in sight distance at 20 mph and up to a 49 percent increase at 70 
mph for a worst-performance driver. A best-performance driver of a 70-ft truck has a 
maximum of a 16 percent increase in sight distance. A 75-ft truck, not shown in 
Table 18, has similar increases in sight distance (maximum of 17 percent increase for 
a best-performance driver to a 50 percent increase for a worst-performance driver). 
Not only do the greater truck lengths increase the sight distance, but the braking 
distance for the worst-performance driver for both truck lengths also significantly 
increases the sight distance. 

Sight Distance Along a Highway (dH).ll 

Si ht Distance Along a Highway (ft) for Vehicle Speed (mi/h) 

20 30 40 

Current FHW A 135 225 340 

Values 

Sight Distances for a 175 325 525 
truck with worst-
performance driver 

Sight Distances for a 150 275 400 
truck with best-
performance driver 

. FHWA rounded all calculated distances up to the next higher 5-ft increment. 

Nhbed\projects\S093S\docs\reports\ 

FinaIReport\appendixc.doc 

19 Appendix D 

50 60 
490 660 

750 1000 

550 725 

70 

865 

1300 

925 



VHB Vanasse Hangen Brustlin, Inc. 

Table 18 
Sight Distances to and along tracks (dr) for a moving vehicle.11 

Train Sight Distance To and Along Tracks (ft) for Vehicle Speeds (mi/h) 
Speed 

20 30 40 
V (mi/h) 

FHW A Values for a 65-ft truck 
10 105 100 105 
20 210 200 210 
30 310 300 310 
40 415 395 415 
50 520 495 520 
60 620 595 620 
70 725 690 725 
80 830 790 830 
90 930 930 930 

Sight distances for a 70-ft truck with worst-performance driver 
10 128 127 151 
20 255 253 303 
30 383 380 454 
40 510 507 605 
50 638 633 756 
60 765 760 908 
70 893 887 1059 
80 1020 1013 1210 
90 1148 1140 1361 

Sight distances for a 70-ft truck with best-performance driver 
10 
20 
30 
40 
50 
60 
70 
80 
90 

Source: Reference 7 
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115 110 120 
230 220 240 
345 330 360 
460 440 480 
575 550 600 
690 660 720 
805 770 840 
920 880 960 
1035 990 1080 
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115 125 
225 245 
340 370 
450 490 
565 615 
675 735 
790 860 
900 980 
1010 1105 

156 180 
312 360 
468 540 
624 720 
780 900 
936 1080 
1092 1260 
1248 1440 
1404 1620 

121 134 
242 268 
363 403 
484 

I 

537 
605 671 
726 805 
847 939 
968 1073 
1089 1208 

II 

70 
II 

II 

135 
270 
405 
540 
675 

I 

810 I 
940 

I 
1075 I! 

II 1210 
II 

201 
401 
602 
803 
1004 
1204 
1405 
1606 
1806 

I 144 

II 
287 
431 II 

574 
718 
861 
1005 
1149 
1292 
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Sight Distance Along Tracks for a Stopped Vehicle. Table 19 presents the results of 
increasing the current design vehicle length of 65 ft to 70 or 75 ft and using the 
equation developed by Gillespie [14] for the time to clear a hazard zone (discussed in 
Section 2.4). The sight distance values calculated using AASHTO assumptions of a 
65-ft truck, 8.8 fps for maximum speed of vehicle in first gear, and 1.47 fpsps for 
acceleration of vehicle in first gear are longer than those calculated using a 70- or 75-
ft truck length and the Gillespie model for clearance times (t). This is the result of 
the Gillespie model providing lower values of clearance times (t) than the current 
AASHTO criteria."n 

Table 19 
Sight Distance along track (dT) for a stopped vehicle.11 

Train Speed Sight Distance Along Track (ft) 
Vt (mi/h) FHWA Values 70-ft Truck 75-ftTruck 

10 240 206 212 
20 481 412 423 
30 721 617 635 
40 962 823 847 
50 1202 1029 1058 
60 1443 1235 1270 
70 1683 1441 1482 
80 1924 1646 1693 

90 2164 1852 1905 

Source: Reference 7 
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