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CHAPTER 1 

BACKGROUND AND OVERVIEW 

INTRODUCTION 

Historically, Truck Size and Weight (TS&W) laws have been driven by concerns for National 
uniformity and good highway system stewardship. Over time, new pavement and bridge design 
standards have been adopted by the States to better match the weights and dimensions of vehicles 
permitted to operate on their highways. However, the potential of premature degradation of the 
infrastructure with its attendant strain on public resources continues to be a major concern. 
Further, technology and marketplace demand have contnbuted to the pressure for larger and 
heavier trucks, raising concerns about highway safety as well as diversion of rail freight to trucks. 
Underlying this concern is the role of the Federal government in the private sector economy. To 
the extent that government subsidizes any mode of transport, this will result in a misallocation of 
resources as users over-consume under-priced facilities. 

Clearly, questions related to determining appropriate TS&W limits are difficult to resolve. The 
issue involves differing views of State and Federal authorities, rival economic interests, and 
uncertainty as to the operational safety of various types of trucks. Shippers and carriers 
understandably want to improve the efficiency of their operations, while public agencies and 
interest groups are also concerned about highway safety and preserving highway infrastructure 
and the environment. TS&W policy affects not only highway safety and stewardship, but also 
local, State, and National economic performance. 

It has been 16 years since the Department's last comprehensive study of TS& W limits. In recent 
years, the Transportation Research Board and General Accounting Office have conducted studies 
looking at various proposals, including the potential impacts of "longer combination vehicles" 
(LCV s) which are combination vehicles with two or more trailing units that have gross weights of 
more than 80,000 pounds. While L VCs have received considerable attention in recent years, of 
perhaps greater consequence are policy issues affecting conventional single unit trucks and 
tractor-trailer combinations that operate much more widely than LCVs. These issues include 
changes to the bridge formula, axle load limits, gross vehicle weight limits (GVWs), and trailer 
lengths. 
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Overall, this effort is intended to provide a fact based framework within which alternative policy 
actions may be addressed. The outcome will assist decision makers in determining what 
legislative action, if any, may be indicated. The analytical framework is designed as a structure 
for gathering information related to the potential si7.e and weight impacts of alternative truck 
configurations. The study offers a "policy architecture" for considering alternative TS&W 
options. As the Study effort progresses, a wide range of TS&W options, from more restrictive to 
more liberal, may be evaluated. With periodic updates in data or methodologies, this framework 
will ensure that the Department can respond to significant TS&W proposals without embarking 
on a separate, new Study for each proposal. 

This Study represents a cooperative effort among the Office of the Secretary, the Federal 
Highway Administration (FHW A) as staff: and the other Department modal administrations with 
freight responsibilities. A companion document, the 1997 Highway Cost Allocation (HCA) 
Study, will be transmitted to Congress shortly. Taken together, this material will provide the 
policy and factual framework for Congressional deliberations regarding Federal TS& W limits and 
associated Federal user fees. 

It should be noted that this volume is a draft work in progress and will be revised before the final 
report is released in the fall. This is a preliminary analysis of current TS&W issues and does not 
present findings from the evaluation of alternative policy scenarios. These analytical results will, 
however, be addressed in the final report. 

PURPOSE 

The objectives of the CTS&W Study are to: (1) identify the range of issues impacting TS&W 
considerations; (2) assess current characteristics of the transportation of various commodities 
including modes used, the predominant types of vehicles used, the length of hauls, payloads, 
regional differences in transportation characteristics, and other factors that affect the sensitivity of 
different market segments of the freight transportation industry to changes in TS& W limits; and 
(3) evaluate the full range of impacts associated with alternative configurations having different 
sizes and weights. 
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The analytical tools developed under the Study umbrella can be used to: (I) estimate the effects 
of various TS&W policy options upon the transport system; (2) evaluate the system's capacity to 
respond in the global economy; (3) evaluate the capabilities and opportunities created by new 
vehicles, new technology T and distribution systems for transport logistics; ( 4) ectirnare the diverse 
impacts on rail and truck shippers, carriers, consumers, and the traveling public; and 
(5) evaluate safety impacts. 

The TS&W analysis considers the safety and efficiency of the total transportation system from the 
point of view of both the public and private sectors. Specifically, the Study addresses: 

• Safety of truck operations, including the enforceability of safety rqpdarions across North 
America; 

• Infrastructure impacts (pavements, bridges, and geometric design) and how the costs of these 
impacts are recovered; 

• Effects on productivity and efficiency for shippers and carriers; 

• Federal and State roles in regulating traffic and equipment, as well as interstate and 
international commerce; 

• Differences in transportation requirements across regions and commodities; 

• Consistency with trends in overall domestic and international freight transportation; 

• Impacts on freight shippers, other modes and intermodal movements; 

• Equity among user fees for various classes of users; 

• Environmental and other social costs; 

• Effects on efficiency of automobile travel; and 

• Net productivity and efficiency for combined rail and truck freight shipments. 
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APPROACH 

This CTS&W Study was developed along four distinct tracks. The first focused on producing 
background studies to identify current issues and trends related to freight markets and motor 
carrier vehicle impacts. The second track involved the development of databases describing truclc 
weights, body types, commodities and truck flows. The third major component of this effort will 
be the development and/or refinetaent of tools and models designed to analyze a broad range of 
impacts associated with truck configurations of different sizes and weights. Finally, the fourth 
track will bring together the products resulting from the earlier work to evaluate alternative 
illustrative TS& W policy scenarios. 

IMPACT AREAS ASSESSED 

Nme impact areas were included in the analysis: (1) safety; (2) infrastructure; (3) traffic 
operations; (4) environment; (S) energy; (6) modal considerations; (7) economic performance; (8) 
compliance and enforcement; and (9) intergovernmental issues. These areas of interest were 
identified through the extensive literature review conducted during the first phase (Tracie 1) of 
this Study. The impact measures for each area were identified and grouped into one or more of 
three categories, qualitative, quantitative, or cost and are summarized in Table I-1. The impact 
models and the analysis results, will be described in Volume ill of this CTS&W Study. 
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ALTERNATIVES EVALUATION 

BUILDING BLOCKS: CONFIGURATION, SYSTEM AND GEOGRAPHY 

Technical building blocks analyzing a broad range of truck configurations at varying GVWs 
provide the foundation for the analytical framework. These configurations include three- and 
four-axle single unit trucks, five- and seven-axle truck trailers, five- and six-axle semitrailers, 
28-foot doubles, intermediate length (31-foot to 3 3-foot) doubles, and LCV s. They are illustrated 
in Figure 1-1. 

An evaluation of each configuration will be conducted in relation to various highway system(s )­
the Eisenhower National System of Interstate and Defense Highways (Interstate System), the 
National Network (NN) for trucks, the National Highway System (NHS), and a limited system of 
highways tailored for the operation of longer combination vehicles on which these configurations 
now operate or might be proposed to operate. 
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RGURE 1-1 
BUILDING BLOCK VEHICLES 
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Operations of each configuration also are to be examined in relation to major geographic 
considerations for that configuration-National,-regional, and State. In addition, configurations 
are analyzed at operating weights which vary according to different assumptions about axle 
weight and bridge formula restrictions. These analytical building bloclcs are represented in 
Table 1-2 below: 

TABLEl-2 
ANALYTICAL BUILDING BLOCKS BY CONFIGURATION, SYSTEM, AND GEOGRAPHY 

Sillpe Unit Tiu« ~ X X X X X 

Sclinilcr I0-97 X X X X X X 

Dauble 21- 21.5 A. Trailers I0-111 X X X X X X 

Ida fate Ltqilh 
Daublr (31-33 A.) 10.5.S-121 X X X X 

Laapr CambiMtiaa Vrhiclea 10.5.S-148 X X X 

•Highways 011 which LCVs cmrc:ntly operate or might be piopmt:d to operat.c. 

ILLUSTRATIVE SCENARIO OPTIONS 

Evaluation of poSS1ole regulations pertaining to a variety of configurations, such as elimination of 
grandfather provisions, freezing weight limits on the NHS, limiting trailer and semitrailer lengths 
to 53 feet, and lifting the LCV freeze will also be examined_ The inclusion of a configuration at a 
GVW limit or on a certain network in the building blocks for analysis does not imply a 
predisposition of the DOT toward its adoption. In an effort to conduct a thorough and 
comprehensive study, a wide range of options will be evaluated to (I) test the analytical tools and 
(2) provide an assessment of the full range of altemativeTS&W impacts. The scenarios selected 
for full analysis are intended to establish representative benchmarks delineating the full range of 
potential impacts. 
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GUIDING PRINCIPLES, OVERSIGHT AND OUTREACH 

GUIDING PRINCIPLES 

NATIONAL FREIGHT TRANSPORTATION POLICY STATEMENT 

On January 6, 1997, the Office of the Secretary of Transportation published a stat~ of 
National Freight Transportation Policy. The statement "establishes the most important principles 
that will guide Federal decisions affecting freight transportation across all modes. The ·um .. . is 
to direct decisions to improve the Nation's freight transportation systems to serve its citi7.ens 
better by supporting economic growth, enhancing international competitiveness and ensuring the 
system's continued safety, efficiency and reliability while protecting the enviromnent."1 The policy 
establishes eight principles to guide freight transportation policy development: 

• 

• 

• 

• 

• 

• 

• 

• 

Provide funding and a planning.framework that establishes priorities for allocation of 
Federal resources to cost-effective infrastructure investments that support broad national 
goals; 

Promote economic growth by removing unwise or unnecessary regulation and through the 
efficient pricing of publicly financed transportation infrastructure; 

&zsure a safe transportation system; 

Protect the environment and conserve energy; 

Use advances in transportation tecJmology to promote transportation efficiency and 
safety; 

Effectively meet our defense and emergency transportation requirements; 

Facilitate international trade and commerce; and 

Promote effective and equitable joint utilization of transportation infrastructure for freight 
and passenger service. 

These eight principles provide the framework for evaluation of the various scenarios under review 
in this Study. 

1 "National Freight Transportation Policy," Office of the Secretary of Transportation, F cdcral Register, Vol. 62, No. 3, 
January 6, 1997, pp. 785-790. 
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COORDINATION WITH HIGHWAY COST ALLOCATION STUDY 

The first Federal Highway Cost Allocation (HCA) Study since 1982 was undel1aken in 1995 for 
two key reasons: (1) to determine how changes in the Federal highway program, including user 
fees which support the program, have affected the equity ofFederal highway user fees; and (2) to 
provide complementary information to the CTS&W Study. These two studies, when taken 
together, will provide information on how alternative TS&W limits might affect highway 
infrastructure and social costs and what impact those changes would have on assignment of cost 
respoDS1l>ilities and user fees to different truck configurations. This approach is consistent with 
the role of DOT evolving to include establishment of policy architecture for use by all levels of 
decision makers. 

OVERSIGHT 

INTERNAL DEPARTMENT AL: POLICY OVERSIGHT GROUP 

In June 1995, the Secretary of Transportation established a Policy Oversight Group (POG) 
chaired by the Assistant Secretary for Transportation Policy to provide overall policy direction, 
ensure that major decisions guiding the CTS&W Study would be made on an intermodal basis and 
assist the FHW A team effort by providing guidance and early review of draft documents 
associated with the final Study document. 

The POG also provided policy guidance for the HCA Study. The group included policy-level 
representatives from the Office of the Secretary, FHW A, Federal Railroad Administration, 
National Highway Traffic Safety Administration, Maritime Administration, and the Bureau of 
Transportation Statistics. 
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PUBLIC OUTREACH 

Underlying this CTS&W Study has been an extensive outreach effort. Outreach activities 
included: (1) a Federal R,<:~stef notice requesting public comment; (2) public meetings; 
(3) regional focus sessions aimed at reaching out to major constituencies and experts; and 
( 4) special teleconference sessions with our partners at the State-level in addressing their issues of 
importance. 

Federal Register Notice 

A February, 1995, Federal Reiister notice (Docket 95-5) requested eommenu on 23 questions 
and the 13 working papers produced in the initial phase of the study. The comments submitted to 
the docket addressed one or more of the following areas: 

• Safety ( enforcement, driver fatigue and overall issues) 
• Infrastructure damage 
• Truck productivity 
• Modal diversion 
• Study plan 
• Changes in TS&W limits (particularly the LCV freeze) 
• Performance based standards 
• Federal versus State roles 
• Enforcement 
• Cost responsibility. 

Respondents to the docket may be grouped into the following categories: (1) State government 
llg\mcies; (2) local govCl'I'ment agencies; (3) industry associations; (4) public interest groups; (5) 
shippers; (6) motor carriers; (7) other organizations; and (8) private citizens. Table 1-3 shows the 
number of comments received by respondent category. 

2 Federal Register, February 2, 1995, Docket No. 95-5. 
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TABLE~ 
RESPONSE TO F_EDERAL REGISTER 

~Aw ininla 32 

5 

3 

10 

13,()42 

Tacal 

Of the comments received, a selection often are summarized in Table 1-4. Respondents 
represented in Table 1-4 include: {I) California Department of Transportation; (2) Association of 
American Railroads; (3) Policy Services, Inc.; (4) American Automobile Association; (5) United 
Parcel Service; (6) A petition signed by 45 private citizens; (7) National Private Truck Council; 
(8) Citiz.ens for Reliable and Safe Highways (CRASH); (9) Advocates for Highway and Auto 
Safety; and (10) Regular Common Carrier Conference. 

Public Meetings 

Public meetings were held in Denver and Washington D.C. They were attended by 
representatives of large and small carriers, trucking industry associatio~ safety advocates, and 
representatives from State and local governments. Testimony of the carriers focused primarily on 
the operation ofLCVs and individual company operations and safety history. The carriers 
testified that the operation ofRocky Mountain doubles, twin 28-foot trailers, and triple trailers 
had not resulted in a deterioration of safety. The carriers generally supported restricted operation 
ofLCVs and lifting of the !STEA freeze. 
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The safety advocates, represented by CRASH, argued that continuation of the LCV freeze was 
necessary based on their experience that longerlUld heavier trucks are inherently more dangerous, 
irrespective of accident history. Further, they believe that trucks designed to cany heavier loads 
are more dangerous when they travel empty because of the potential for jaclclmifing 3 

Regional Focus Sessions 

Regional focus sessions were held in April and May 1996 in four locations (Detroit, Salt Lake 
City, Houston and Philadelphia) and were intended to (1) provide information on how the Study 
was being conducted, (2) obtain input from private citizens and interest groups. and (3) devdop 
an improved understanding of special or regional concerns. 

Each of the sessions resulted in a list of issues or concerns that the participants believed should be 
addressed prior to any consideration of Ts&W policy changes. Two significant points of concern 
were: (1) safety and safety enforcement to attain "complete compliance,,. with no particular 
concern for Ts&W enforcement; and (2) regional differences on proper Federal/State roles 
ranging from advocating States' rights to supporting a strong Federal role which would enhance 
safety compliance by the States and prevent the States from hberally interpreting any future 
changes to Federal vehicle requirements. Detailed summaries of these meeting are provided in 
Appendix_. 

3 Excerpted from testimony of Mr. Jaclc Rendler, CRASH, prcsc:nted at Public Meeting on the Comprchc:nsive Truck 
Siu and Weight Study at Lakewood. Colorado, March 21, 1995. 
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TABLE 1-4 
SUMMARY OF DOCKET COMMENTS 
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Ts&WStudy Pro rt9pondenb fttl study Is needed and should focus on facts nther than The 1tudy Is biased towards lncreun In TS& W lhnlts, Ignores ufety concerns, 
plan ernotfonally or poUtkaUy-ba!led appeals. underesthnates nU dlvenlon, lackl sufficient dat1 ■nd modeling cipabUJtles, too nanow 

In 1<ope and 1hould be upanded to Include other nport■nt luues. 

Sarety I Not addreutd by any or the ten Advocates maintain Increasing Ts& W lhnlts will aggravate problem of enforcement or 
Enroru~nt driver Ylolatton or houn or 1trvke, falslrylng log boob, overweight trucks, Increasing 

number or State Issued permits for weight. 

Safety: Pro rt9pondenb point out that trucking Industry has made large bnprovtments In Note that heavier trucks are Inherently more dangerous, bnprovements In truck designs 
~nenl safety onr Int decade and potential for further Improvements with Improved might be Iott after placed In opention and larger truckl are more dangerous under 

nbkle and driver standards. congested driving conditions. Aho note, even tr trucks are m1de 11re, the geoenl publk 
fun true kl and these fun can lead to safety rltb. lncreuln1 Ts& W lhnlts will 
aggravate safety concems. 

Safety : Not addressed by ■ny of the ten Advocates nhe concern over potential lncre11t In driver hours ohenke and fahH'ylng 
Driver Padsue log books, wW Increase risk or accidents, problt1111 eslst now and wUJ lncrea,e the risk of 

and damage levels from accidents with bigger trucks. 

CO!t RCCC states that permit prognms should allow heavier vehkles If 1pproprlate fee Noted that under curnnt u,er charge structum, heny trucks pay less In user fees than 
RNpomlbWty structurtS are put In place. Not addressed by other nine. the total costs that they create, permits do not capture the fuU cost of heavy truck tnvel 

Truc:k Pro rt9pondtnts Indicate Increased TSAW limits would lead to reduced opentfng Agreed that Increased Ts&W lhnlts would Increase truck producttvlty but would occur 
Prod udfvtt)' costs ■nd Improved truck productivity. only because trucks do not pay their fair 1hare of highway use ind are O'\twelghed by 

the aocltt1l costs Imposed by truck tnveL Improved truck producttvlty would severely 
Impact nllroads. 

lnf'ra5t ntctuN Argue that productivity Improvements can be made that are not damaging to Increased TS& W lhnlts wm damage lnfnstructure, curnnt user fees wm not coUtd 
Danui1e Infrastructure and numerous techniques av■Uablt to 1trengthen Infrastructure to 1ufflclent revenue to rebuUd lnfrutructure. 

sustain Increased Ts& W limits. 

Modal RCCC stated tnnsportation provlden and consumen should determine future use AAR commented on bnpact to nllro1d Industry lfTS&W lhnlts change, ellmlnatton or 
Dlvenlon or transportation systems, not Fedenl rules governing Ts& W, 1hould not lffk to freeze would not reduce VMT, dlvenlon from nU offset any anticipated reduction In 

protect or enhance nUroad pronts by Ts& W restrictions. truck VMT, truckl pay far less than costs they Impose and can reduce ntes to divert 
freight from nllroads, would cau• 1erlou1 traffic and revenue loa to nllroads, would 
be devutatfng •Ince large proportion of nU tnfllc II potentially truck competitive, 
ulstfnt nU dlvenlon models lrt Rawtd. 

Ellmlnatton of Favor elimination because of 1ub9tantial 11vlng, to consumers from reduced Support continuing LCV f'reae, clttn1 a variety or safety concerns and lack of adequate 
LCVFrttH transportation costs, ban a proven safety record In Western States, IIOffle safety rt1ean:h on LCVs, and heavy trucks do not pay their fuU cost responslbUlty. 

l"t9trlctions on opentlons an needed and should be set at the State level 

Ptrformante- WIU allow Reslblllty In equipment design whUt mlnlmblng the npact on the Perfonn1nce-butd standards an a •r■Udatlon or curnnt pnctkn by 1ettln1 standards 
Ba.wd lnfnstructure and would reduce the need for permitting. suffklently low, using Ideal vehicles In development of standards and unknown effecCI of 
Standanl1 wear and maintenance leave l•rie gap In determlng real performance-baltd standards 

and no one knows bow to bnplement and enforn these types or ,t■ndards. 

&,uru: Comments to the OMbt from (1) C.Ufomla Dtpariment of Tnruportatton (CAL TRANS). (2) Americ:an Auodatlon or Rallrod.1 (AAR). (l)Polky Stnktt Inc., (4) Amertc. Alltofflollfle Aaodattoa 
(AAA), (5) UnltNI Pared Suvke (UPS), (6) A pdltton alpNI h14!1 private dttuna, ('7) National Prtnte Tradl C-'I (NnC), (I) CltbeM for Reliable_. !We Illa...,. (CRASH), (9) .UV...,. for HJahwa, 
and Auto Safety and (10) Replar COfflfflOII Carrier Confermtt (RCCX') 

- - - - - - - - - - - - - - - - - - -
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CONTEXT 

THE TRANSPORTATION ENVIRONMENT 

The U.S. freight transportation industry has undergone enormous changes in the last few decades. 
In the late 1970s, Congress reevaluated the body of transportation regulation that had been 
develc;ped since the Interstate Commerce Commission (ICC) was created in 1887. Congress 
acknowledged that there were vast inefficiencies, c.ausen by both rate and entry-exit regulation. 
The belief was that the Nation's transportation system could perform better with less regulation 
and more competition. Numerous pieces of Federal legislation-including the Motor Carrier Act 
of 1980, the Staggers Rail Act of 1980, the Surface Transportation Assistance Act of 1982, the 
Intermodal Surface Transportation Efficiency Act (ISTEA) of 1991, the Trucking Industry 
Regulatory Refonn Act of 1994. Title VI of the Federal Aviation Administration Authom.ation 
Act of 1994, and finally, the ICC Termination Act of 199S-played major roles in the deregulation 
of the surface freight industry. 

Freight transportation has become more complex since deregulation and the evolution toward a 
global marketplace. The complexity of TS&W issues has also increased, especially with the 
advent of integrated, multi-modal transportation, increased international container movements, 
and the enactment of the North American Free Trade Agreement (NAFI'A). Evolving logistics 
requirements are changing the way that many goods are transported. Speed and reliability are 
becoming increasingly important to the business community replacing the traditional emphasis on 
moving the largest volumes at the absolute lowest rates. 

The highway environment also has changed significantly over the last few decades. Congestion in 
major metropolitan areas has increased dramatically. Concerns about highway safety have grown 
as trucks have gotten bigger and automobiles smaller. Vocal opposition to further increases in 
TS& W limits has arisen, not just from safety interest groups, but from large segments of the 
general public. Accidents involving trucks on congested urban Interstate highways often result in 
large traffic jams and receive significant media attention, especially when hazardous materials are 
spilled. 

A number of relatively recent legislative developments are important considerations in TS&W 
discussions. First, the 1991 passage of the !STEA established a National Highway System 
(NHS). This network includes all Interstate routes and major connecting principal arterials. It 
was established to focus Federal resources on the roads that are most critical to interstate travel 
and National defense; that connect with other modes of transponation; and that are essential for 
international commerce. The ISTEA also included a freeze on expansion of LCV operations 
beyond those allowed when ISTEA was passed. 
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Second, the signings of the NAFTA with Canada and Mexico in 1993 and the General Agreement 
on Tariffs and Trade (GAIT) in 1995, have increased traffic related to the movement of 
international freight for export and import. The increase in international traffic underlies 
continued efforts.at harmonization ofTS&W limits between trading partners, particularly in North 
America. Also, increased movement of containerized cargo stemming from international 
transportation creates impacts for the U.S. highway system. 

In summary, there have been many changes in the factors interrelated with TS&W laws over the 
past 20 years. These include growth in freight traffic, changes in freight cbaracteristics and 
origin-destination patterns, global economics and trade, containemation of freight and 
intermodaUsm, economic deregulation, enhanced motor carrier safety programs, and 
improvements to truck equipment. 

These developments suggest important new policy questions concerning Federal Ts&W laws. 
For example, how should Federal TS&W provisions relate to the NHS; and how should 
harmonization goals for NAFTA be approached? Figure 1-2 portrays the environment within 
which this Study was conducted and highlights the issues that influence and/or impact changes to 
the Nation's TS&W limits. 
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FIGUREl-2 
FORCES AFFECTING FEDERAL TRUCK SIZE ANO WEIGHT LAW 

Pl.._. 

CURRENT FEDERAL TRUCK SIZE AND WEIGHT REGULATIONS 

Federal law now regulates TS&W limits by specifying basic standards and excepting certain 
situations from those standards by grandfather right and provision for special permits. Federal 
laws governing truck weights apply to the Interstate System while Federal laws governing vehicle 
size apply to a legislated National Network (NN) which includes the Interstate System. The NN 
was designated under the authority of the same 1982 Act4 that established the size limits. Current 
U.S. Federal TS&W law establishes the following limits: 

4 Surface Transportation AwstaDCC A.ct of 1982. 
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• 

• 

• 

• 

20,000 pounds for single axles on the Interstate; 

34,000 pounds for tandem axes axles on the Interstate; 

Application of Bridge Fommla B for other axle groups, up to the maximum of 80,000 
pounds for GVW on the Interstate; 

102 inches for vehicle width on the NN; 

• 48 foot (minimum) for semitrailers in a semitrailer combination on the NN; and 

• 28 foot (mininmm) for trailers in a twin-trailer combination on the NN. 

Underlying Federal regulation ofTS&W are a myriad of State and local regulations (see 
Appendix_). The sizes and weights of vehicles have been regulated by State and local law since 
the early part of this century. Over the years, these regulations have been changed many times in 
response to needs and circumstances. Change continues-often without Federal involvement or 
influence. The importance of State TS&W regulations cannot be over-stated since they govern 
trucking on the vast majority of U.S. roads. 

Broadly speaking: (I) many State provisions differ from Federal provisions, (2) there are many 
regulatory differences among the States, and (3) these differences are increasing over time. These 
disparities exist because of differences in local and/or regional political choices that have been 
made balancing economic activities; freight movements; infrastructure design characteristics and 
status; traffic densities; mode options; engineering philosophies. Table 1-5 provides an overview 
of the areas where either Federal or State laws specify limits. 
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TABLEt-5 
TRUCK SIZE AND WEIGNT LIMITS SPECIFIED IN LAW 

Vaide Wept LillMI 
Tlftn:lauii N__._,._ 

TlftloMll.t 
I..ali4Wa&c# W-111w 

Asle ...... 
I..alill.ta'Jaletne 
i...i6aB r-..__ulaaapwp 
S.; I 
Llftula 

C.-ffllldewdpt 
11.w,e ....... 
Cap 

Vmide Dl.111-­
Bdpt 
WWda 
1-,dl 

Slapc.t .......... 
Tnler 
c-...... 

v.wm &rrtft..,.,._ 
Caflaiii.6a 
Bollytype 

Ett..,_.,s,e,tflcattw 
liafety-nllltai 

IIJadlac 
Wdpt~ 
Pa u1weJ&W 

otr,.o,rtiz1r? I I 
JClaspia 
1lltd-s 

WEIGHT 

Federal Law 

No 5-
No 5-
No No 

Y• Al 
No s-
No No 
No No 

Y• Al 
Y• Al 

No Al 
Y• Al 

No Al 
Y• Al 
Y• Al 
Y• S-

No s-
No No 

Y• No 
No 5-
No s-

No M-, 
No No 

The Federal Government first became involved in TS&W regulation in the 1950's when truck axle 
and vehicle gross weight and width limits were established for the Interstate system. The Federal­
Aid Highway Act of 1956 placed limits on the weight of vehicles operating on the Interstate 
System to protect the substantial Federal investment in its construction. The limits were 18,000 
pounds for single axles, and 32,000 pounds for tandem axles. The allowable gross weight of each 
vehicle was determined as the sum of the allowable axle weights, up to a maximum allowable 
GVW of 73,280 pounds. 
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In 1975, weight limits were raised and "Bridge Fommla B" was imposed to insure that the 
vehicle load was distributed so as to avoid excessive overstressing of bridges. The Federal-Aid 
Highway Amendments of 1974 increased the allowable maximums on the Interstate System to 
20,000 pounds f(!r single axles, 34,000 pounds for tandem axles, and 80,000 pounds for the gross 
weight. This legislation also requires vehicles to comply with the Federal bridge formula, which 
limits weights allowed on groups of axles at different spacings, whereas, groupings of two or 
more axles ( except tandems) and the distances between them are checked against the weight 
allowed by this formula. 

State Laws and Grandfather Rights 

The Federal-Aid Highway Act of 19S6 also contained a provision that allowed States to retain 
vehicle weight limits exceeding the Federal limits if the State' s weight laws or regulations were in 
effect in 1956. Some states have elected to retain th~ higher weight limits because of the 
transportation savings they afford to industries important to their economies. 

There are 14 States in which vehicles on Interstate highways can exceed the Federal axle weight 
limits or gross weight limits without special permits. At least 30 States permit exceptions to the 
Interstate System axle load limits or gross weight limits for divist"ble loads. Such special permits 
are·an exercise of grandfathered permit rights. Special permits sometimes stipulate specific 
routes, equipment components, driver qualifications, and operating restrictions as conditions for 
vehicle operations. 

The regional characteristics of trucking operations are determined, to a large extent, by the 
existence of grandfather rights. In the western States, LCVs with multiple trailer units operate at 
high gross weights while meeting Federal axle load and bridge formula requirements. In many 
Eastern States, heavy trucks with short wheelbases such as concrete mixers and dump trucks 
operate below the 80,000 pound limit, but with axle loads that exceed the Federal axle load and 
bridge formula limits. These vehicles are of particular concern since they can cause relatively 
more pavement and bridge damage than differently configured vehicles traveling at comparable 
GVWs. 
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SIZE 

Federal Law 

In the STAA of i982, Congress extended the Federal interest to length issues and to highways 
beyond the Interstate System by requiring all States to permit the operation of 48-foot long 
semitrailers and twin-trailer combinations with trailing units up to 28 feet long ( commonly 
referred to as "STAADoubles"5

) on the Interstate System and on other non-Interstate, Federal­
aid, primary system highways to be designated by the Secretary of Transportation. Just before 
passage of the STAA of 1982, length laws in 14 Eastern States from Maine to Florida prohibited 
operation of 48-foot long semitrailers. STAA doubles had operated in States west of the 
Mississippi River for many years, but were not permitted on any roads in 12 States before the 
STAA of 1982 was enacted. Also, in 1982, minimum length dimensions were enacted for 
semitrailers. The width limit was increased from 96 inches to I 02 inches. 

State Laws and Grandfather Rights 

As noted above 14 Western States have grandfathered permit authority created by ISTEA and 
therefore may operate vehicles weighing more than 80,000 pounds on their Interstate highways. 
In addition, six other States allow limited LCV operations on certain turnpikes. The ISTEA 
legislation included a freeze limiting LCV routes to those in existence as of June 1991. 

overall Length Liroit 

The 1982 STAA prohibited States from setting limits on the overall length of single- and twin­
trailers combination vehicles on Interstates and other designated Primary highways. However, 
several States have overall length limits on lower class roads. The reason States were prohibited 
from limiting the overall length of these combinations was due to safety concerns. To meet such 
limits, some equipment manufacturers were reducing the size of cabs so that trailer length ( and 
thus cubic capacity) could be increased. When limits on the overall length of combinations on 
some highways were prohibited, many States instituted limits on the length of cargo-carrying 
trailers. 

5 Also rcfcm:d to as " West.cm Doubles" 

DRAFT 06/05/97 1-21 1997 U .S. DOT Comprehensive TS&W Study 



Kingpin to Rear Axle Distance 

Several States regulate kingpin setting6 to rear axle distances for combinations, as a means for 
controlling vehicle off-tracking The exact definitions of these limits vary: some measure the 
distance from the kingpin to the center of the rearmost axle, while others measure the distance 
from the kingpin to the center of the rear tandem. 

STUDY PRESENTATION 

OVERVIEW 

The 1997 CTS&W Study is to be provided in four volumes. Volume I, Executive Swmnary, will 
consolidate and distill the Study findings into an user friendly summary, Volume II identifies and 
provides background material on the critical issues (see following section); Volume ill will 
describe the illustrative scenarios in detail, provides a detailed overview of the evaluation process 
to present the analytical findings. Volume IV is to be a guide to the documentation supporting 
the CTS&W Study. 

ORGANIZATION OF VOLUME II: BACKGROUND AND ISSUES 

Volume II, Background and Issues, is organi:ud into seven chapters. 

TRUCK SIZE AND WEIGHT REGULATIONS 

Chapter 2 provides a historical perspective ofTS&W regulation in the United States during two 
time periods, pre- and post-1956. An overview ofFederal and State regulation for each period is 
provided, describing roles and respoDSibilities at each level of government. Landmark Federal 
legislation in the post-1956 period is discussed and important highlights noted. Current Ts&W 
laws, at both the State and Federal levels, are discussed. 
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6 Kingpin setting refers to the truclc-tnlctoc' fifth wheel OODIIC'dion point fO£ the kingpin which is located to the front of I 

the semitrailer. 
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TRUCKING 

-
Chapter 3 descnbes the truck fleet and trucking industry in the United States, with special 
emphasis on those aspects that have important implications for TS&W issues. Questions related 
to the impact of siz.e and weight regulations on trucking and truck characteristics are e,camined, 
including the use of split tandems, super single tires, and lift axles. 

TRUCK/RAIL COMPETITION 

Chapter 4 examines truck-rail competition and how the competitive balance is likely to be affected 
by poSS1ole changes in TS&W limits. The predominant variables affecting shipper selection of 
mode are identified, given the type of freight, distance hauled, and freight traffic lane density. 
Emphasis is placed on identifying the commodities that might shift from rail to truck or truck to 
rail if limits are changed, and on estimating the magnitude of these shifts. 

SAFEiY AND TRAFFIC OPERATIONS 

Chapter S examines the role of TS&W factors in highway safety and traffic operations. Results of 
past studies linking truck characteristics to crash rates are presented. Stability and control related 
to various truck configurations at different weights is detailed. Traffic operations impacts, 
including traffic congestion, acceleration capability, and braking efficiency also are described. 

HIGHWAY INFRASTRUCTURE IMPACTS 

Chapter 6 exarnin~ highway infrastructure costs, including bridges, pavements, and roadway 
geometric features in the context that (1) bridge stress may not be adequately controlled by 
Bridg: Formula B, (2) adverse pavement impacts may be reduced with the introduction of 
additional axles, and (3) longer and heavier trucks, in general, require changes to such geometric 
features as sharp curves (interchange ramps), intersections, hill climbing lanes, vertical curves, 
intersection clearance, and passing sight distance. The relationship of weight limits to bridge 
stresses are described. Pavement impacts are discussed, including the effects of axle weight 
limits, tire regulations, lift axles, road-friendly suspensions, and overweight containers . 

• 

ENFORCEMENT ISSUES 

Chapter 7 examines enforcement and implementation issues related to changes in Federal TS&W 
provisions. Evolution of the Federal-State partnership in enforcement is described. Contributions 
of intelligent transportation systems, vehicle inspections, permit programs, and relevant evidence 
are considered. 
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DllAll'l' 
CHAPTER2 

TRUCK SIZE AND WEIGHT LIMITS 

EVOLUTION AND CONTEXT 

The second issue of Public Roads magazine published in 1918 focused on the problems State 
highway departments were encountering as the result of truck traffic.1 The lead article, "The 
Highways of the Country and the Burden They Must Carry," summariz.ed the issues of that era, 
many of which are still familiar today: 

Apparently the point has been reached where the demands of traffic have exceeded 
the strength of the average road to meet them. Highways designed to withstand 
the pounding of ordinary loads, that have stood up under imposts they were 
intended to sustain, no longer appear to be adequate to meet the present-day 
conditions. Widespread failure is demonstrative of the fact the roads can not carry 
unlimited loadings. Their capacity is limited. 

A review of past Federal and State regulatory roles and responsibilities for highways provides a 
sense of how the current regulatory environment evolved. 

PRE-1956 

FEDERAL REGULATION 

Federal government regulation of all transportation modes prior to 1956 was directed at economic 
regulation. First to be regulated were railroads in the mid- and late-1800s, then steamship lines in 
the early 1900s, followed by pipelines, motor carriers and airlines in the mid-1930s. Siz.e and 

1 Transportation Research Board (TRB) Special Report 225, TMlck Weight Limits: Juuu and Options, 1990. 

DRAFT 05/30/97 Il-1 1997 U.S. DOT Comprehensive TS&W Study 



weight regulation was controlled by the individual States and developed in response to increasing 
motor carriage of freight on a developing highway system. Direct Federal involvement in ' 
regulation ofTS&W did not occur until the passage of the Federal-Aid Highway Act of 1956. 

STATE REGULATION 

The first truck weight limits were enacted in 1913: Maine [18,000 poWlds gross vehicle weight 
(GVW)], Massachusetts (28,000 pounds GVW), Pennsylvania (24,000 pounds GVW) and 
Washington (24,000 pounds GVW). Early State truck weight laws weri: passed to limit damage 
to the earth- and gravel-sw::fac:ed roads caused by the iron and solid rubber wheels of heavy 
trucks.2 The limits included tire load limits in Maine, Massachusetts and Pennsylvania. Further, 
in Pennsylvania the first axle weight limit was set at 18,000 pounds.3 

Limits on length, width, and height were generally adopted somewhat later in most States. By 
1929, the majority of States regulated all dimensions. The most common form of early State si7.e 
regulation was a width restriction that remained fairly uniform among the States at 96 inches until 
the 1982 Federally mandated increase to 102 inches on the National Network (NN). By 1933, all 
States had passed some form ofTS&W regulation.' 

The American Association of State Highway Officials (AASHO), organiud in 1914, developed a 
model used by many States in adopting TS&W limits. Beginning with its first policy statement in · 
1932, AASHO (subsequently renamed American Association of State Highway and 
Transportation Officials, AASHTO) advocated State adoption of uniform regulations. While 
AASHO/ AASHTO policy has significantly influenced State and Federal regulations, the call for 
State uniformity has produced limited results.' 

The first Federal study th&! examined the need for Federal regulation ofTS&W was published in 
1941 by the Interstate Commerce Commission (ICC).' The Study found 

. . . wide and inconsistent variations in the limitations imposed by the . . . States 

.. . [ and that]. . . limitations imposed by a single State may and often do have an influence 
and effect which extend, so far as interstate commerce is concerned, far beyond the 
borders of that State, nullifying or impairing the effectiveness of more hoeral limitations 
imposed by neighboring States. 

2 TRB Special Report 223, Providing Accus for Large Trucks, 1989. 

3 Interstate Commerce Commission (ICC), 1941. 

' TRB Special Report 211. 

' TRB Special Report 211. 
6 ICC, Federal Regulation of the Sizes and Weight of Motor Vehiclu. 
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The study concluded that a need existed for Fec!eral intervention and establishment of Federal 
standards on the sizes and weights of motor vehicles. Since the study also concluded that national 
uniformity of standards would be impoSSI"ble, the recommendation for Federal intervention was 
confined to cases where State laws were determined to be an unreasonable obstruction to 
interstate commerce. 

POST-1956 

FEDERAL REGULATION 

The Federal-Aid Highway Act of 1956 

The first Federal TS&W limits were enacted in the Federal-Aid Highway Act of 1956 as part of 
the new Federal highway program for construction of the Interstate and Defense Highway 
System. The Act established Federal limits for the Interstate System that were based an AASHO 
policy adopted in 1946 that recommended: 

• Maximum width limit of 96 inches; 
• Single-axle weight limit of 18,000 pounds; 
• Tandem-axle weight limit of32,000 pounds; and 
• GVW of 73,280 pounds. 

The Federal limits were qualified by a "grandfather clause" (see subsequent section) that allowed 
continued operation of heavier trucks on the new Interstate System consistent with State limits in 
effect on July 1, 1956. 

In the decades leading to the 1956 At.t, Federal highway funding to the States increased from an 
equal 50/50 partnership to a 1sn.s Federal/State match, and in 1956 to 90/10 and 80/20 for the 
Interstate System and State system, respectively. The new Interstate System was to be designed 
and constructed to higher, uniform standard than the State and local highway system. The 
substantial degree ofFederal financial participation motivated increased Federal involvement in 
setting Interstate TS&W limits.7 In the words of the House ofRepresentatives' Committee on 
Public Works and Transportation, Congress 

.. . recognw:s the maximum weight limitations are fundamentally a problem of State 
regulations, but feels that if the Federal government is going to pay 90 percent of the cost 
of the Interstate System improvements, it is entitled to protection of the investment 
against damage caused by heavy loads on the highway. 

7 U.S. DOT, 1981, An Investigation ofTrvck Siu and Weight Limits. Final Report. 
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Table Il-1 provides a time line depicting Fecleral_and State roles in highway funding and TS&W 
regulation from 1916 through 1991. · 

. TABLEl-1 
FEOERALJSTATE ROLES AND RESPONSIBIUTIES FOR HIGHWAYS: EMPHASIS AREAS' 

8aface 
T1 i 1 1 ?Le 
..... Ad 
(STAA.)1"2 

~liipway.....-iiCOlai: 
Fedinl Aid Priamy, Fedinl Aid 
SoiOCIDdmywl .. ,.-i.,._ 
7.5125..ada 

..... ~ FedinlAid 
Prilwy wl Femnl AidS---y 

.....,.._..,,, .. _.,_ 
wbil:le1Nigtll(OVW) lilllila 
IS.000/32.000/ 
73,230 ~ 

latalla&e: aleaadmiaimllmOVW 
limile 20,000/34,.CIOQIIO.OOO ,_. 
lalcr FedinlBrillF FarmalaBN 

....._aimlnX1iall,F..-alAid llunCaw- M trnclenimre,_ STAA,,.._...-cnnhunllle 
Prilwy wl Femnl AiA Se t y · nn ......- -' I>w-ia ◄-J s,._-

llltallll&e ,.,,.__ N--1 
HipwayS)'lk&"cksigMim 

I.ClllprC □bi tirm Vtlliclehae LGllprCllllllmricn Vebic:le nae 
impmld by eaap..(c) 

<•> Fnt "grMldfadlerc&w"ano-iopenaon•:bmlllle•bigbm'limilamMaa1'111ftllip«-...waeleplpricrto Juty 1.1956. 

(b) Adopted-BFBwidl_ .. .,........_.. pn,vilicaiclallowFl'fflllUlly__....ulelPlcinaablmtoclllllOd -bridpbBllaGD 
hltmlalc. 

(c) c.cmgr-. nw l••ed1be FednJ weigllllimile beallowedbytbe S.... •tbe hunllletoraalwproblam ,L "bmicr" Sllra1111l blillDDt 
adaped 1be 197.S Femn1 limilL 

<d) R.-pnred Sarmto.U-<Wmnilnimaad21'twi1Hrailcr ,. · ■•--wilbaatlmglh.-.w:tiaa.t(plul1111o c:a,icna boawooW.­
-). Crraled •• ....., tl)lllrmfaropnlianaa'tbelmlmllleam:1-,-ieiamtotammeawllSYiocfKililia. 

(c) Fnm: wei,bl tLLCV• nn 1be ll:llenlllle wl cargo box lmglb tLdoulll.- md 1ripiHnikr ..-.aiora «atbe Naricml NetWOrk. • of 
Juncl,ml. 

1 Pub.No.156, Chap.241, 1916; Federal-AillRoadAct. 1944: Federal-Aid Highway Act, 1956; 
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The 1956 Act directed the U.S. Secretary ofa>mmerce to provide information to Congress 
regarding maximum desirable vehicle size and weight. In response, extensive field tests of 
pavement and bridges were conducted by the Highway Research Board under sponsorship of 
AASHO. 9 The 1964 Report to Congress recommended the following changes: 

• Single- and tandem-axle weight limits should be increased to 20,000 pounds and 34,000 
pounds, respectively; 

• The maximum GVW limit of 73~80 pounds should be replaced by a table of axle group 
weight limits, depending on the length of the axle group and the number of axles in the group. 
The look-up table would be based on Bridge Formula B.10 

• The maximum width limit should be 102 inches; 

• Maximum lengths should be: 40 feet for single unit trucks and buses, 40 feet for a semitrailer 
or full trailer, 55 feet overall length for a tractor-semitrailer, and 65 feet overall length for 
other combinations; 

• Performance standards should be specified for weight-to-horsepower ratio, vehicle braking 
systems, and linkages between combinations; and 

• Grandfather exemptions should not be eliminated immediately, but should be phased out. 

The Federal-Aid Highway Act Amendments of 1974 

The Federal-Aid Highway Amendments of 1974 adopted Sw-veral recommendations from the 1964 
Report. The 1974 Act established maximum single- and tandem-axle limits of20,000 and 34,000 
pounds, respectively. It also set the maximum GVW limit at 80,000 pounds, disregarding the 
recommendation from the 1964 Report that GVW be limited solely by the bridge formula. 
Further, Congress expanded the grandfather exemptions from the 1956 Act to include provisions 
for State weight tables or axle spacing formulas not meeting the new bridge fonnula.11 

Although the 1974 legislation provided for increases in the maximum axle weight limits and the 
GVW limit, it did not mandate State adoption of these weights. In met, when six contiguous 
States in the Mississippi Valley, collectively referred to as the "barrier States," refused to increase 
their Interstate GVWs to 80,000 pounds, the trucking industry effectively faced a barrier to cross­
country interstate commerce. This situation contributed to Congressional action in 1982. 

9 TRB Special Report 22S. 

10 Description of Bridge Fonnula B 
11 TRB Special Report 225. 
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The Surface Transportation Assistance AC!_ of 1982 

The 1982 Surface Transponation Assistance Act (STAA) substannaJly expanded Federal 
regulation and authority over both vehicle si7.e and weight, overriding the more restrictive barrier 
States and establishing minimum, and maximum standards for weight, width, and minimum 
standards for length on the Interstate system and many Federal-aid highways.12 The Federal si7.e 
limits included two dimensions, trailer length and vehicle width. Congress also made the previous 
single-and tandem-axle and GVW maximum the States~ allow. the minimums they must 
allow O!! the Interstate highways. 

In addition, the new dimensional restrictions barred States from limiting the overall length of a 
tractor and 48-foot semitrailer in combination, or the overall length of a tractor and two 28-foot 
semi-trailers or trailers in combination on the Interstate and portions of the Federal-aid primary 
system. The width limit established in ST AA was 102 inches, providing the highway lane width 
was 12 feet. 

The motor vehicle size limits established in the ST AA covered roads other than Interstate 
highways. The Act directed the Secretary of Transportation to designate a network of highways 
that would include Federal-Aid Primary (F AP) system roads that could safely accommodate 
STAA vehicles. This network is commonly referred to as the "National Network" (NN) and 
includes the Interstate in addition to designated sections of the F AP system. 

The intent of Congress in expanding the Federal role was to improve carrier productivity through 
liberalizing restrictive State limits and to create a uniform national mmimum standard. u However, 
some State and local transportation officials maintained that the majority of the non-Interstate 
highway system could not accommodate larger trucks and. therefore, restricted access beyond the 
Interstate. 14 The extent of restrictions on large trucks varied from sli;!it to extensive. For 
example, nine States in the West had virtually no restriction on 48-foot trailers and STAA 
doubles1s on the major highways connecting urban centers (the FAP system). By comparison, 
17 primarily Eastern States and the District of Columbia restricted the larger trucks to fewer than 
one-third of their F AP highways. 

Access restrictions imposed by the States following passage of ST AA initiated litigation by the 
trucking industry. The result was court rulings that: (1) a State was prohibited from enacting or 
enforcing laws that denied reasonable access; and (2) congressional intent was not to preempt the 

12 TRB Special Report 221. 

13 TRB Spccia1Report211 aodU.S. Senate Report No. 97-2981981.2. 

14 .. At:t;;ess for Large Trucks," TR News, Transportation Research Board. Jan-Feb 1990. 

1~ Also referred to as Western Doubles 
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reasonable exercise by a State of its police powers to protect public safety on roads within its 
jurisdiction. In other words, the States could not deny reasonable access, but what was 
reasonable would be defined by the States. 

The STAA of 1982 included provisions to address increasing concerns of States over the 
deteriorating conditions of the Nation's highways, bridges and mass-transit infrastructure. The 
STAA increased and restructured Federal highway taxes for the first time in over two decades and 
authorized increased Federal spending to finance several major transportation programs. The 
STAA also initiated two primary tax increases affected by vehicle-weight: a five-cent-per-gallon 
increase in motor-fuel excise taxes and an increase in the GVW-base{f anm,aJ heavy vehicle use 
tax. 

Significant TS&W highlights from the 1982 STAA are: 

• Combinations consisting of a tractor and two trailing units were allowed on Interstates and 
other primary highways to be designated by the Secretary ofTransportation (creation of the 
NN). For these combinations (often referred to as "STAA doubles" or "twin-trailers"), States 
were prohibited from limiting the length of each trailing unit to less than 28 feet or imposing 
an overall length limit. 

• States were prohibited from limiting the length of semitrailers in tractor-semitrailer 
combinations to less than 48 feet and from placing any limits on the overall length of 
combinations. 

• States were required to allow 102 inch wide vehicles on Interstates and other Federal-aid 
highways with 12-foot lanes. 

• States were prohibited from denying reasonable access to twin-trailer trucks and 48-foot 
semitrailers to temunals; facilities for food. fuel, repairs, and rest; and points of loading and 
unloading for household goods carriers. 

• States were prohibited from enforcing any reduction of trailer size limits that would have the 
effect ofbanning trailers that were legal and actually in use on December 1, 1982. This 
restriction required states to keep higher limits.1

' 

The 1982 legislation also addressed the issue of State permit practices and grandfather provisions. 
Permit practices in place in 1956 rarely specified absolute limits, as many States did not maintain 
records of weights actually allowed before 1956. Some States contended that the grandfather 
provision applied to their power to issue permits, not the specific permits themselves. Hence, 
these States claimed that they could issue permits for overweight vehicles that weighed more than 
those that might have been permitted before 1956. The 1982 STAA resolved this dispute, by 

16 TRB Special Report 21 l. 
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allowing States to permit vehicles ''which the S~te detennines could be lawfully" operated in 
19S6 or 197S.17 Subsequent litigation over an FHW A regulation requiring States to seek ·. 
approval for permits for divisible loads resulted in a court ruling affinning the States' rights.11 

The lntermodal Surface Transportation Efficiency Act of 1991 

The Intermodal Surface Transportation Efficiency Act of 1991 (ISTEA) froze the weight of 
longer combination vehicles (LCVs) and limited them to routes that were allowed by the States OD 

June 1, 1991. ISTEA defined LCV s as "any combination of a truck tractor and two or more 
trailers or semitrailers which operate OD the National System of Interstate and Defense Highways 
with a GVW greater than 80,000 pounds." 

A second ISTEA freeze applied to the length of trailers and semitrailers, specifically cargo 
carrying units and stated 

... no State shall allow by statute, regulation, permit, or any other means the 
operation on any segment of the National System of Interstate and Defense 
Highways and those classes of qualifying Federal-aid primary system highways as 
designated by the Secretary .... any commercial motor vehicle combination 
( except those vehicles and loads which cannot be easily dismantled or divided and 
which have been issued special permits in accordance with applicable State laws) 
with 2 or more cargo canying units (not including the truck tractor) whose cargo 
carrying units exceed-the maximum combination trailer, semitrailer, or other type 
oflength limitation authorized by statute or regulation of that State on or before 
June 1, 1991; or the length of the cargo carrying units of those commercial motor 
vehicle combinations, 1Jy specific configuration, in actual lawful operation on a 
regular or periodic basis (mclud.ing seasonal oi;aation) in that State on or before 
June 1, 1991. 

Further, ISTEA prohibits all States from expanding routes or removing restrictions related to 
LCV or longer double operations after that date. Congress required each State to submit 
information on LCV and longer double restrictions and requirements to the FHW A by 
December 1, 1991, and to certify annually to FHW A in their size and weight certification that they 
are enforcing the fteu.e. 

17 TRB Special report 225. 
11 TRB Special Report 211 and Janklow v. Dole. D.S.D. June 17, 1985. 
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STA TE REGULATION 

In the first 20 years following passage of the 1956 Highway Act, and the beginning ofFederal 
regulation of T~W, States continued to control size and weight limits on State highways and 
Interstate highways under grandfather rights. As the Federal investment in the Interstate system 
grew and Interstate construction neared completion, Federal regulations and control increased, 
often putting the State and Federal governments in adversarial positions. One issue that cnoriuues 
to emerge in the TS&W debate is grandfather rights exercised by a growing number of States as 
the r:sult of the STAA of 1982 and ISTEA of 1991. 

Grandfather Rights1
' 

In the 40 years following enactment of the Federal-Aid Highway Act of 1956 the extension of 
grandfatbP.J" rights to the States has grown more controversial. At the State level, truck weight 
limits are influenced by three different grandfather rights provisions. The first was enacted in 
1956 and deals primarily with axle weights, gross weights, and permit practices. The second was 
adopted in 1975 and applies to bridge formula and axle spacing tables. Finally, the third enacted 
in 1991, ratifies State practices regarding LCVs. 

The first Grandfather Clause 

Before enactment of the Federal-Aid Highway Act of 1956, some States permitted motor carriers 
to operate with axle weights or GVWs in excess of the limits specified in the 1956 Act (18,000 
pounds on a single axle, 32,000 pounds on a tandem axle, and 73,280 pounds GVW). To avoid a 
rollback of vehicle weights in those States where the higher limits were permitted, Congress 
included a "grandfather clause" in the 1956 legislation. 

The FHW A had the authority to determine whether specific grandfather claims would be 
permitted. Although no formal approval process was established, informal procedures soon 
evolved. In general, a State seeking to establish grandfather rights would submit copies of the 
appropriate 1956 statue to the FHW A The Agency would review the claim and if it determined 
the documentation was ambiguous or otherwise arguable, FHW A would request an Attorney 
General's opinion. Claims that were not legally defensible were rejected. 

During the 1960s and 1970s, most grandfather issues related to the interpretation of State laws in 
effect in 1956. While these have been largely resolved, States occasionally make new claims, 
mostly for exemptions from Federal weight limits. However, most grandfather rights were 
established decades ago. 

19 Toe material presc:ntcd in this section was excerpted from the personal papers of Charles Medalen, Office of Chid 
Counsel. Federal Highway Administration. 
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After the mid-1970's, the meaning and intent of Jhe grandfather clause itself came into dispute. At 
issue was the use of divisil>le load permits for overweight vehicles. A strict interpretation of the 
1956 Act would prohibit use of divisible load permits today for weights in excess of the weight 
allowed under permit in 1956. FHWA has held that the grandfather clause allowed States to issue 
permits only if the same circumstances and conditions are present today as were present in 1956. 
Problems arose with this reading of the Act because many States did not specify the weight 
allowed under permit and most were unable to document the weight limits or other conditions 
imposed in 1956. 

State ~ have supported a more permissive interpretation of the grandfather clause, requiring 
only proof that certain weights~ have been operated under divisible/nondivisible permits in 
1956, rather than proof that they were in IC1Ull operation. This interpretation of the grandfather 
clause ewmtiaUy repealed the Federal 80,000 pound GVW. Today, many States issue divisible 
load permits allowing vehicles weighing over 110,000 pounds to routinely operate on the 
Interstate Systems. 

The second Grandfather Clause 

Interstate single axle, tandem axle, and GVW limits were increased with passage of the Federal­
Aid Highway Amendments of 1974. In addition, the bridge formula was added. Also provided 
was a grandfather clause which would allow States to retain any bridge formula or axle spacing 
tables governing motor vehicle operations as of January 4, 1975, which allowed higher weights 
than Bridge Formula B. 

However, in 1975 few States had specified bridge formulas or axle-spacing tables. In &ct, it was 
common for State law to be silent on axle spacing requirements. Because short-wheelbase trucks 
(that were nonconforming with respect to the bridge formula) were perniitted in a number of 
States before 1975, the absence of a regulation was grandfathered. Therefore, many State motor 
vehicle operations are exempt from the bridge formula up to the highest GVW allowed in 1975, 
typically 73,280 pounds. Not all States take advantage of their grandfather exemption. 
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20 State ex rel Dick Irvin, Inc v Anderson s2s P. 2d. 564 (1974) and South Dakota Truclcin~ Association v, South I 
Dakota Department of Transportation. 30S N.W. 2d682 (1981). 

DRAFT 05/30/97 II-10 1997 U.S. DOT Comprehensive TS& W Study I 



I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

-1 
I 
I 
I 
I 
I 
I 
I 
I 

The Symms Amendment 

The STAA of 1982 included language to amend the then current provisions addressing the 
withholding ofFederal-aid funds (revised language underlined): 

This section shall not be construed to deny apportionment to any State allowing the 
operation within such State of any vehicles or combinations thereof which the State 
determines could be lawfully operated within such State on July 1, 1956, except in the 
case of the overall gross weight on any group of two or more consecutive axles (Le., the 
bridge formula), on the date of enactment of the Federal-Aid Highway Amendments of 
1974. 

The amendment was introduced by Senator Symms (hence, it is commonly referred to as the 
"Symms Amendment") and was intended to resolve disputes about grandfather rights between the 
FHW A and certain States. However, it had the opposite effect since some States began to make 
unrealistic claims for grandfather rights that went well beyond rights that had previously been 
claimed. 

ISTEA; The Ibicd Grandfather Clause 

The lntennodal Surface Transportation Efficiency Act of 1991 (!STEA) placed a freeze on the 
operation ofLCVs. An LCV was defined as a tractor and two or more trailers or semitrailers 
operating on the Interstate with a GVWs exceeding 80,000 pounds. The legislation allowed LCV 
combinations which were in actual and .lawful operation under State law on June 1, 1991 to 
continue in operation, if the State so desired. Thus, the grandfather date for LCVs is 1991. 

Permits 

Many States allow exemptions for certain classes of vehicles or commodities, with or without 
permits. For example, dump trucks in many States in the Northeast are allowed higher weight 
limits either through a special truck registration or permit. 

States continue to issue permits for divisiole loads under grandfather authority. Thirty-seven 
States issued divistole load permits in 1985 and 1995 totaling 153,642 and 380,511, respectively. 
The number of permits available for specific commodities continues to increase. For example, in 
1995 Pennsylvania added two new overweight permits for 94,000 pounds GVW and 21,000 
pounds per axle, on State highways only, for steel coils and milk; in 1996 the Pennsylvania 
legislature added bulk animal feed. State authority to control vehicles that operate off the 
Interstate continues to be an important issue. 
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CURRENT ENVIRONMENT 

FEDERAL 

Federal truck weight law applies to the Interstate System while Federal vehicle siz.e law applies to 
the NN which includes the Interstate System. Current Federal TS&W Jaw establishes the 
following limits: 

• 20,000 pounds for single axles on the Interstate; 

• 34,000 pounds for tandem axes on the Interstate; 

• Application of Bridge Fonnula B for other axle groups up to the maximum of 80,000 pounds 
GVW on the Interstate; 

• I 02 inches for vehicle width on the NN; 

• 48-foot (minimum) for semitrailers in a semitrailer combination on the NN; and 

• 28-foot (minimum) for trailers in a twin-trailer combination on the NN. 

Federal law regulates trucks by specifying basic TS&W standards and excepting certain situations 
from those standards by recognizing State grandf.ather rights and special permits. 

STA TE APPLICATION 

WEIGHT 

There are four basic weight limits: single axle, tandem axle, bridge formula and gross vehicle. 
These limits generally apply both on and off the Interstate system. When taken together, the 50 
States and the District of Columbia have created 40 different combinations of these eight limits. 
Only seven States apply the Federal limits Statewide without modification or "grandfather right" 
adjustment. Even in these seven, however, the upper limits for routine permits are all different. 
In a sense, each State has a diJferent weight limit "package." Table II-2 provides vehicle weight 
limits for each of the States. 
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Single Axle, Tandem Axle and Gross Weight Umits 

Fourteen States have a single axle limit greater than the Federal standard of20,000 pounds on the 
Interstate. Off the Interstate, 17 States have limits greater than the Federal limit and three States 
are below the Federal limit. 

Fifteen States have a tandem axle limit greater than the Federal limit of34,000 pounds on the 
Interstate. On the non-Interstate State system, 21 States have limits greater than 34,000 pounds 
and two states are below the Federal limit. 

Four States have grandfilther rights to exceed 80,000 pounds on the Interstate. On non-Interstate 
State highways, 18 States have a GVW limit higher than 80,000 pounds. Alternatively, five 
States have GVWs less than 80,000 pounds on some of their non-Interstate highways. 

·Routine· Permit Umits 

For a 5-axle unit there are 28 different permitted maximum GVW limits ranging from 
80,000 pounds to 155,000 pounds. The mode value (the value that occurs most frequently) is 
100,000 pounds and occurs in seven States. For any number of axles there are 25 different 
maximum permitted GVW limits (the mode value is 120,000 pounds and occurs in ten States). 

For single axles there are 16 different limits ranging from 13,000 pounds to 32,000 pounds. For 
tandem axles there are 17 different limits ranging form 26,000 pounds to 64,000 pounds. 
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Alabama 10 14 20 

Aluka - 90(2) -
Arizona 10 10 20 

Mansu 10 10 20 

California 10 10 20 

Colorado BO u 20 

Connec.1icut 80 10 22.4 

Delaware 10 10 20 

D.C. 10 10 22 

Florida 10 10 22 

Oeotgia 10 10 20.34 

Hawaii 80.8 II 22.5 

Idaho 80 105.5 20 

lllinoi, 80 10(8) 20 

Indiana (10) 10 10 20 

Iowa 10 10 20 

KAn.us 110 15.5 20 

Kentucky 10 10(11) 20 

Loui! iana 80(12) 80(12) 20 

Maine 10 10(13) 20(14) 

Maryland 10 10 20(15) 

Musad111.Ktts 80 10 22.4 

Michigan(l6) 10 80 20 

Minnesota 80 10(17) 20 

Miuiasippi 80 80 20 

Mi!l!Ouri 90 10 (II) 20 

Montana 10 10 20 

Nebruka . 10 95 20 

Nevada 110 129(19) 20 

------

TABLE 11-2 
1994 VEHICLE WEIGHT LIMITS 

(In 1,000 Pounds) 

!il l l?ttt~,, t~,::J:,;t;:;·,lill El l iii if ll 
20 34 40 Yee No-wr 1101150 22 44 

20 31 Yoa I 18.6(2)/l50 JO 50 

20 34 34 Y• No-Wf 106.5(3)1250 21 46 

20 34 34 Y• Ya 102/134 20 40 

20 34 34 YCHnOd Yet-mc>d 119.1(4)/(5) 30 60 

20 36 40 Y• No 127/164 27 ,o 
22.4 36 36 Yea Yoa 120/160 22.4 NS 

20 34 40 Yea No-Wf 120/120 20 40 

22 31 31 YCHnOd Yee-mod 155-241 JI 62 

22 44 44 Y•(6) No-Wf 112/172 27.5 " 20.34 34(7) 37.34 v. Yee(6) 100/17' 23 46 

22.5 34 34 Y• No c-by-c:aN above normal limitl 

20 34 34 Y• Yea Cale-by-oue abow normal limits 

20(9) 34 34(9) Yet Yee(9) 100/120 20 41 

20 34 34 Yet Yea 101/120 21 •1 
20 34 34 Ya Yea 100/160 20 40 

20 34 34 Yea Yea 95/120 22 .., 
20 34 34 Yee Y• 961140 2• 48 

22 34 37 Y• No 101/120 24 41 
22.4 34 31 Ya-mod No 130/167 25 ,o 

20(15) 34(15) 34(l5) Y• Y• 110/110 30 60 

22.4 36 36 Yet Y• 99/130 NS NS 

20 34 34 Yea Y• 80/164 13 26 
11 34 34 Yee Yes-mod 92/1-44 20 40 

20 34 34 Ya Yee 113/190 24 ... 
20(11) 34 34(11) Y• Yee(II) 92/120 20 40 

20 34 34 Y• Y• 105.5/126 20 .. 8 

20 34 34 Yea Yee 99/110 20 40 

20 34 34 Yoa Yoa 110(20)/(21) 21 50.4 
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::/} Slq)* ~ .,:ir> i: :::/';1:,: :!1l00,~~i1!::1:1::: :1:::::i:::) jilJ::~,j:!:,r.nrM.n~ ,: :j:j::~::::: ::::i!:j:: i!:ii:;:::~~i;i!j-~~-::ii!:l::llli,:ili!:lj:!l!l:ili!:: 

~~~ [ifllJI ~l!!!I' 
NewHampwre 80 80 20(1') 22.4 34(U) 36 Y• No 13011$0 25 ,o 
New Jeney 80 80 22.4 22.4 34 34 Y• No I 44(22YJ40(22) 32(22) 64(22) 

New Mexioo 86.4 86.4 21 .6 21.6 34.32 34.32 Yes-mod Y..cnod 104(23)'120 26 46 

New Yllfk 80 80 20(24) 21.4 34(24) 36 Ya(24) Ya(24) 10011$0 2, 42.S 

North Carolina 80 80 20 20 38 38 Yes-mod Yes-mod 94.5/122 2, ,o 
North Dakota 110 10,., 20 20 34 34 Yea Y• 103/136 20 45 

Ohio 10 80 20 20 34 34 Ya No 120/120 29 46 

Oklahoma 110 90 20 20 34 34 Y• Y• 95/140 20 40 

Oregon 80 80 20 20 34 34 Ye&lmod Yes-mod 90/105.5 2U 43 

Pennsylvania 110 80 20(25) 20(25) 34(25) 34(25) Ya(25) Yel(:U) 116/136 27 52 

Rhodeuland 110 80 22.4 22.4 36 36 Yes-mod Ye.-tnod 104.8/(21) 22.4 44.11 

South Carolina 10 80.6 20 22 34(26) 39.6 Ya(26) No 90/120 20 40 

South Dakota 10 129(19) 20 20 34 34 Yee Y• 116(27)'(2I) 31 52 

Tennessee 80 80 20 20 34 34 Yea Y• 100/160 20 40 

Teu.s 10 80 20 20 34 34 Ya-fflOCI Ye.-fflOCI l06.l(28YJOO 2, 48.l2S j 

Utah 110 80 20 20 34 34 Yea Y• 100/123.S 20 40 

Vmnont 10 84 20 22.4 34 36 Ya Y• 108(19)'120 24 411 

Virginia 110 80 :zo :zo 34 34 Yea Y• 11011,0 2, ,o 
Wa!hington 10 10,., :zo :zo 34 34 Yee Y• 1031156 22 43 

West Virginia 110 80(30) :zo 20 34 34 Yea Y• 1041110 20 45 

Wisconsin 10 80 20 20 34 34 Yes-mod YeHnOd 1001191 20 60 -Wyoming 117 117 20 20 36 36 Y• No 8'1.35 25 " 
~ ::\1ei-Te 

(I) "Routine" Permit ~ V~cle "".ei.lht: the lint '11¥!1h« (lefJ) ii. the hillhelt weillht a 5-axle unit CUI _,. bef'qn IINICia.l toeher than routme) rtYiew and anal)'lil ohn lndivilllal mowmenl !,required. 
The IIOOOl1d numb« (ngfrt) 11 the hiaJic:,t grou wergnt any uniC with auflicimt ax.f'a can 1"011 before fllleelal nview la required. · 

(2) State rule, allow the mon ralrittive of the Fedenl Bridge Fom.ila B or axle IUfflftlltlon. The S-axle •routine• permit value II CltJmated ualna a truck tnrdor-itrailer with a 65' outer bridp (buecl on 
a 48' temitrailct). 

(3) The ,-axle "routine" permit value ia estimated Utin& a truck tnd«-teml1raller with two 5' Wllleml @ 47.2 SK eadt + a 12K ateering axle. 

(4) Eatimattbased on State weight table valuea for a 4' tandem(drive)@46.2K, a rear tandem Id tbe60K maxinun, and I IUKlteerinaaxle. 

(j) Maximum bued on the numb« of axlea in the oombinatlon. 

(6) Fedenl Bri~ FOffllula applies ifgroea vehicle weigfrt eiweeda 73.lllK. 

(7) If groea veftlcle welgfrt iJ ,_ than 73.28K, the tandem axle maximum la 40.61K. 

(8) On clua Ill and noo-desipllted hipwa)'I the maxirrllm ia 73.211K. 

(9) On non-deaipllted hi&hwa)'I the tingle axle maximum ia 18K. the tandem axle maximum ii 321C, and the Bri• formula doel not apply. 
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(IO) On the Indiana Toll Road the single axle maximum i.s 22.◄K. tho tandem axle maximum ii 36K, and tho maxim~ practical pou I, 90K. 

(11) The maximum s,oa weight on clasa AA highw~)'I i.J 62K, on cl&N A highwa)'I 4-◄K. 

(12) Six or seven axle oombinati0111 u-o allowed 13.4K on the lntcntate S)'ltan, and HK on olher Sta1e hlghwa)'I. 

(13) A three axle tractor hauling a tri-axle aemitnilcr hu a maximum pou vehicle weight of90K. 

(14) lftho grosa vehicle weight I■ leea than 73.28K, theainglo axle maximum I■ 22K. 

(1') lftho groa vehicle weight ii 73K or lea, the single axle maximum I■ 22.4K, and the tandem axle maximum 36K. 

(16) ~o~r ~,~mt~'!ll:ltc:AfllJ !v~,crar=;:::ie ~~~fll"' II BOK or ... For oChcr wfdclee and~ whlcle welghb over BOK other llmlta apply. State law 

( 17) Moat city, oounty and towmhip roads are con11dcred "9-Ton Routa" with a rnaxinwm groa vehicle of7l.28K.. 

( 18) pn hilhwaya olher than lntcntate, Primary, or olher deeipgted, the •inal• axle maximun I■ 18K, the tandem axle mulnnun 32K, the Brid.- formula II modified, and the~ whlcle wel&fd nwdmum 
1■ 73~8K. . 

( 19) Tha maximum I■ directly controlled by the Federal Bridge Formula. Given the State'• len,th law,, the maximum pndlcal groa 1■ 129K. 

(20) The ,-axle "routine" oennit_,Jal11111 ii Olllmatod min& a trudt trad«-N1Vlrall• with a IUK steerin1 axle,• 47.2!1K drive tandem (5' apaclna &om !hate wei.,. table). and a !I0.4K lpl-ead tandem (I' 
,pacing from the~ weis, .. table). 

(21) A determination is made on a CUH)'-<:111 bul■. 

(22) All "routine" permit value1 are cala.11ated min& 10" wide hand a maximum 800 poundl/lndl of'tire widlh loadin& value. 

(23) Tha 5-axle "routine" permit value ii eltimmd wina a truck lndor-Nfflitrall• with two 46K tandanl + a 12K ..in, axle. 

(24) lfthe IJ'OII vehicle weight Is lea than 71 IC, the •lnsl• axi. maximum Is 22.4K, the tandem axle maximum 36K, and a modified Bridge formula appllea. 

(2!1) lfthe IJ'OII vchlclo weight ii 73.21K or lea, the ■inale axle maximum ii 22.4K, the tandem axle maximum 36K, and the Bridie fonnula doea not apply. 

(26) lftho poea vehicle weight ii 7'. IUK or lea, the tandem axle maximum ii U2K, and the Bridge fonnula doea not apply. 

(27) Tha 5-axle "routine" permit value ii estimated mini a trudt trad«-Nfflitrall« with two 52K tandam + a 12K ■--ring axle. 

(28) l:.o'~a:~~• permit value I■ atimated 111ln1 a trudt fndor-eemltnilcr with a 13K ■--in1 axle, a 45K drive tandem, and a 4t. I 25K ■pnad tandlm. Both tandem weight valuee are &om the 

(29) Tha 5-axle "routine" permit value I■ eetima1od 111in1 a trudt fndor-Nfflitrall• with two ◄tK ta,,clerm + a 12K ■--ring axle. 

(30) The maximum IJ'OII vehicle welsfrt on non-desianatod State hiahwaya Is 7UK, and on oounty roadll 6!1K.. 

Information IOW\lel: 

J. J. Keller A. Auociates, Vehicle Siul and Wellf,tl Manual. luly I, 1994. 

Specialized Curien & Rissfng A.aociation (Sc.IRA). Permit Mlllllll. July 19, 199◄. 

Weatem A.aociation of State Highway and Truwporlatlon OfficWs (W ASIITO). Ouido for Uniform Laws and R0111latlont Oovemlng Trudt Sir.e and Weiafrt. Jwae 26, I 993. 
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LENGTH 

Ten States allow semitrailers over 53 feet in length. See Table II-3 for a state-by-state 
pTCSCDtation of maximum semitrailer lengths. 

Alabama 

A.lab 

~ 

~ 

Califinia 

CGlarMD 

C :fa 

Ddawse 

DilL oLCol. 

Florida 

Gecqia 

Hawaii 

Idaho 

llliaail 

Jndi.-

Iowa 

~ 

lCmludty 

loaimena 

Maine 

Maryland 

M-mlleGI 

Michigan 

M---. 

Milliaippi 

Mmouri 

Moaum 

Ncbrub 

Nevada 

Newffaazipdm 

New.lcncy 

New Mexico 

NewYorl: 
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TABLEll-3 
1994 MAXIMUM SEMITRAILER LENGTHS BY STATE 

57~ 

41.o 

57~ 

5U 

53-0 

57-t 

53-0 

53-0 

48-0 

53-0 

53-0 

NoUlllit 

53-0 

53-0 

53-0 

53-0 

59-o 

53-0 

.59-o 

53-0(3) 

53-0(4) 

53-0(5) 

53-0 

53-0 

53-0 

53-0 

53-0 

53-0 

53-0 

53-0(6) 

53-0 

57-6 

53-0(4) 

4l~KCRA(l) 

40.oKCR.TA(I) 
31-0KCSRA(9) 

41-0 KCR.T(2) 

41-0KCRT 

4l-6KCRA 

40-oKCRA 

4UIKCRT 

41-0KCRT 

41-0KCRT 

41-0KCRT 

41-0KCRT 

53-0 6~ 

53-6 

53-0 S-aNN 

41-0KCRT 

41-0KCRT 

39--0KCRA 

42-0 KCRA 

53-0 

53-0 

NoLimit 57-9 

NoLimit 6~ 

53-0 

53-0 41-0KCRT 

53-0 

50-0 

41-0KCRT 

53-0 

No Limit 

53-0 

53-0 

53-0 41-0KCRT 

53-0 41.0KCRT 

NoLimit 65-0 

41-0 KCRT 4-0 65-0 
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:::-.:::::::::i)j::,: ,=::, ):i :ft:::: ,~ _:(ttf• j)(('~ }} ::::• ,:::,:J :~ :: \)•.·• :\\: •Diola.J•:tc.:::: ·•::':::,/} ONril}{}(: 
Nanb Caroliaa ,3-0 

NC11111Dmlla ,3-0 

Obio ,3-0 

C>leocnw ,u 
Orcp ,3-0 

Pwwwytvania ,3-0 

~Rioo 41-0 

bocleJalaad ~ 

SaadlCarama ,3-0 

SaadlDmlla ,3-0 

T- ,3-0 

T- ,9-4 
U&ab ,3-0 

VIIIDlllll '3-0(4) v..- ,3-0 

W t · gtcm ,3-0 

w .. v .... !3-0 

W--.i ,3-0 

w~ 60,0 

(1) KCRA • Kqpillto _.. r,1,_. ale 
(2) JCCR.T•KiaaPintoca.rana-laadma 
(3) pmailaaylle ....... 
(4) idallllewlM ..... ~raula 

41-0KCltT NoLimit 

,3-0 

,3-0 
,u 
v ... 

NoLimiC 

~ 

41-0KCltT 41-0 

S3-0 

41-0KCltT ,3-0 

S9,4 

53-0 

41-0KCltT 48,0 

NoLimit 

,3-0 

Slmc•VA Nol.imil 

41-0_KCI.T NoLimit 

60,0 

(S) Jt..---1i.a.-tA....._izaliun. DoaaatappiymdrVt=ch.,..,,Turapikc 
(6) ~,... 
(7) Olllym lllunlatc s,._ 
(I) KCR.TA•Kiapnto--•...mmt.__ule 
(9) KCSRA• Kiaointo Ollll«rJiliagle,_.ulc. 
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60,0 

4U)KCR.T 

40,6JCCR.T 

60,0 

60,0 

60,0 

60,0 
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The ISTEA froze the maximum GVW for LCVt in 16 States. Table Il-4 provides the State LCV 
weight limits. 
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116.4 

90 

9.5 

10.5.5 

110 

111 

11.5 

117 

120 

123.5 

127.4 

129 

131.06 

137.1 

143 

164 

TABLEM 
LONGER COMBINATION VEHICLES 

WEIGHT UMITS BY STATE 
(1994) 

NM 

OK OK 
NE 

ID,ND,OR, WA ID,ND,OR 

co co 
AZ 

OH 

WY 

JCS.MO 

AZ 

IN,MA,OH IN 

NV,SD, UT NV,SD,ur 

MT 

NY 

Ml 

5-\,c: F-1 Rllk cmLCV1publilbediDlle Ftdcnl Rqillar al .59 FR303512 OD,_ 13, 1994. 
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DllAFT 
CHAPTER3 

TRUCKING FLEET AND OPERATIONS 

INTRODUCTION 

The Nation's truck fleet may be described as non-homogenous, with truck configurations and 
operations evolving within a dynamic environment that includes: multi-jurisdictional TS&W 
regulations, safety regulations, freight characteristics, shipper and customer needs. economic 
forces, international trade and the innovation of truck and trailer manufacturers. 

TRUCKING INDUSTRY STRUCTURE 

The trucking industry serves many different markets. Each segment of the industry is 
characterized by different operating features and equipment utilization practices. Broadly, the 
industry may be divided into either private or for-hire carriers. In the for-hire sector, two types of 
services are provided: Truckload (TL) or less-than-truckload (LTL). Additionally, TL and LTL 
services can be segmented into either short-haul or long-haul. 

PRIVATE VERSUS FOR-HIRE CARRIERS 

Many private busines.s have internalized all aspects of the logistics function; they own and operate 
their own fleet of trucks. Common examples of private carriers include grocery stores, retail 
chains, and food processing companies. Information concerning the operations of private carriers 
is limited, partially because these carriers have been traditionally less subject to government 
reporting regulations. The following table (Table ill-I) indicates that private carrier operations 
constitute a large share of trucking in the Nation. 
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TABLEll-1 
PRIVATE CARRIER PROFILE 

TONNAGE AND VALUE OFSHIPMEN1'S 

• Priffle aricn bmdled ~ 3.56 bi11iaa a. CICtbe tacal 6-' llillion a. (55 pcl'Olllt) lamlled bytbc 1nldciag iDutry in 1993. 
• TIie a-. Jmgtb CIChaal bprivak carrica ia 51 mi-,_..., iD240 liiDiaa taD-milm IIIIDdled ill 1993. 
• 111e ftille CIC&cigbllimdled byprivak carrica-Sl.11rillimt.in 1993, Sl.01riDian lowlr._ tbciar-mrc c:arri1n. 

REYENUE 

• lll 1994 privakcarrica aipmnJ iffloximalJy S4 ,--($171 liilliaa) CICtalll nckmame ill 1bc N11im. 
• 'Ik 5171 biDillll jn,-w aplit hctw imrc:ily wl kalhipl----., ~ S901S11 bi11iaa, raipemvely. 
•OwnJl.pmllec:miacapand'70,_..CICkalrewmua. 

•t993C_,.GtyFlowSarwydl&alw 

For-hire carriers transport goods for others as their primary business. This segment of the 
trucking industry includes a large and growing number of single vehicle owner/operators. 
Information on share of freight handled by the for-hire segment in 1993 is provided in 
Tableill-2. 

TABLEll-2 
FOR.fflRE CARRIER PROFILE 

UVENUE BIGBUGIITS 

• FaNin c:arrilln capmnd appcaaiaaa:ly 56 parmt CICtalal a.cilyamtd- in 1993. 

TONNAGE AND VALUE OF SIIIPMENTS 

• 'Ik b-ilin rmiln' aiare CICtalalinadthipl muu t (6.5 bdlm tw)w 2.9 liilliaa lma-45 ,-,:m.. 
• 11le •'WlnF Jmadl CICbaul CICiNlin carrica ia 470 mil& 
• 111evalue ollbiFnMdl bb«-ecarrica ecpmod S:2.1 nrilillllia 1993. 

TRUCKLOAD VERSUS LESS-THAN-TRUCKLOAD 

TRUCKLOAD OPERATIONS 

Carriers with TL operations generally pick up a load in a truck or truck combination at the 
shipper's dock and transport it directly to the consignee in the same vehicle. TL operations may 
be categorized according to the type of freight handled, either general or specialized. General 
freight is transported in enclosed van trailers and specialized freight is transpOrted by specialized 
equipment, such as refrigerated van trailers, automobile transporters, tank trailers, dump trucks, 
and hopper-bottom grain trailers. Many TL carriers depend on the services of owner-operators 
for equipment and drivers. 

While there were more specialized carriers (613) than general freight carriers (547) in 1993, the 
revenue generated from general freight ($11. 7 billion) was slightly higher than that generated by 
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speciaJi7.Cd freight carriers (Sl 1.4 billion). It is notable that in the late 1980s, a small number of 
"mega" carriers emerged from within the large n. carriers. These mega carriers now dominate 
the general freight segment of TL operations. Additionally, since the early 1990s, some of the 
general freight 1'1:- carriers have become major intermodal carriers with large domestic container 
fleets. 

LESS-THAN-TRUCKLOAD OPERATIONS 

LTL carriers speoali:re in transporting small shipments of freight, generally in units ofbetween 
250 pounds and 12,000 pounds. ALTL shipment is generally composed of general freight from 
several shippers and has many different destinations. An example of a LTL carrier is a package 
delivery service provider. In most instances, LTL carriers are constrained more by cubic capacity 
than weight limitations. One exception is the LTL carrier that transports international containers 
from a port to a break-bulk terminal. These potentially overweight containers, often are moved to 
the terminal under special permit, are then stripped and replaced for line-haul movements at 
80,000 pounds or less. 

To reduce line-haul miles and handling of freight, Ln carriers generally maintain extensive 
networks of strategically located terminals, operating truck combinations between terminals on 
regularly scheduled line-haul routes. 

SHORT-HAUL VERSUS LONG-HAUL OPERATIONS 

Short-haul operations are defined in this Study as freight movements of 200 miles or less from 
point of origin to point of destination. Consequently, the majority of truck operations, on a 
Nationwide basis, are considered short-haul, being regional or local in nature. Single unit trucks 
operate almost exclusively within their home State (intrastate), as do truck combinations~ 
approximately 80 percent of their VMT is within the State of registration. This also applies to the 
operation ofLCVs. · 

Typically, trucks and truck combinations operating in local, short-haul operations tend to have 
lower annual VMT than those in long-haul. However, this varies greatly according to type of 
truck configuration. In general, single unit trucks average much lower VMT than truck 
combinations. For example, average VMT for two-axle single unit trucks is 11,000 miles, or 
about 30 miles per day. Three- and four-axle single unit trucks are slightly higher at about 40 
miles and 60 miles per day, respectively. This low VMT for single unit trucks reflects the local. 
short-haul, intrastate nature of their operations. 

Annual average VMf for long-haul operators is substantially higher. For example, large 
tractor-semitrailer combinations average between 100 miles and 200 miles per day. The STAA 
double-trailer combinations average 220 miles per day, or about 80,000 miles per year. 
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EQUIPMENT CHARACTERISTICS 

The most general distinction among truck configurations is whether they are single unit trucks 
whose cargo carr-ying units are part of the same chassis as the engine, or whether they are 
combination vehicles that have separate cargo carrying trailers or semi-trailers that are pulled by a 
truck or truck-tractor. Nationally, the distnl>ution of the fleet by configuration is approximately: 

• Single unit trucks - 68 percent 

• Truck-trailer combinations-4 percent 

• Tractor-semitrailer combinations (primarily 5-axle combinations)- 26 percent 

• Double-trailer combinations - 2 percent 

• Triple-trailer combinations - less than one tenth of one percent 

The distnl>ution of large truck configurations, those combinations with five- or more axles, varies 
between States and regions of the Nation. For example, in California 18 percent of the truck fleet 
are truck-trailer combinations and 39 percent are STAA twin-trailer combinations, whereas in 
Florida, only 2 percent of the truck fleet are truck-trailer combinations and 2 percent are 
double-trailer combinations. Figure ID-1 presents the different typCS of configurations in the 
National fleet. 
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FIGURE 111-1 
ILLUSTRATIVE TRUCK CONFIGURATIONS OF U.S. FLEET 

Single Unit Trucks 

Truck-Trailer Combinations 

11 ~2~ J 
@@ @o' @ 

Tractor-Semitrailer Combinations 

©ii 
I 

STAA Double-Trailer Combination 

!IL =M· 112~•~ I 
I @@ '@ 

Longer Combination V chicles (LCVs) 

Double-Trailer Combinations 

I 
@@ 

Triple-Trailer Combination 

JI 2~,~-2 JI 
@ @ @ 

I 
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The size of the Nation1s trailer fleet increased significantly during the decade following passage of 
the STAA of 1982. The number of trucks and truck-tractors increased only marginally (see 
Figure m-2). In 1994, the total commercial truck fleet consisted of approximately 1.3 million 
truck-tractors and 4.1 million trailers, including semitrailers. The increase in the number of 
trailers was commensurate with an increase in the number of ST AA doubles and longer 
combination vehicles (LCVs) (that is, double- and triple-trailer combinations). 
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FIGUREm-2 
FLEET SIZE AND GROWTH 

1982T0119' 

1912 1994 
• Truoka a. Truok-Traotora 

~ TraUera 
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SINGLE UNIT TRUCKS 

The most common single unit trucks in the commercial fleet are dump trucks, cement mixer 
trucks, tank trucks, and waste hauling trucks. These vehicles are designed to provide specialimf 
services and are commonly referred to as specialized hauling vehicles (SHV s ), having between 
two and four axles. SHV s represent approximately 46 percent of single unit trucks operating in 
the United States with three or more axles. 

SHVs are typically used in l0a1l and intrastate, short-haul operations. The most common 
commodities that are hauled Nationally include construction materials, gravel, ready-mix cement, 
grain, milk, petroleum products, and garbage or waste. Dump truch are primarily used to 
transport construction materials and tank trucks are primarily used to transport liquids or gases. 

The total number of commercial single unit trucks (10,000 pounds or more) remained constant at 
appromately 2.75 million between 1982 and 1994. However, the number of two-axle single unit 
trucks decreased over this period by about 14 percent. During that same period of time, the 
number of four-axle single unit trucks more than doubled to approximately 84,000 due to the 
substitution of three-axle garbage, dump and concrete trucks with four-axle units. 

TRUCK-TRAILER AND TRACTOR-SEMITRAILER COMBINATIONS 

Combination vehicles in the National truck fleet consist of a towing unit, either a truck or tractor, 
and one or more trailers or semitrailers. Truck-trailer combinations account for approximately 
14 percent of all combination vehicles. Approximately 33 percent of the truck-trailer 
combinations are five-axle combinations. 

TRACTOR-SEMITRAILERS 

Tractor-semitrailer combinations are the most common combination truck configuration operating 
on U.S. highways. They account for more than 82 percent of all combinations trucks. The most 
common combination, constituting 90 percent of the tractor-semitrailer combinations, is the 
so-called "18-wheeler," a three-axle tractor with a two-axle semitrailer. Tractor-semitrailer 
combinations vary in size and configuration depending on axle configurations, State semitrailer 
length limits, and State kingpin setting laws. 

The number of tractor-semitrailer combinations has increased an average of 2.5 percent per year 
between 1982 and 1994. Increases in long-haul operations following the STAA of 1982, and the 
market for sleeper cab tractors resulted in a shift away from two-axle tractors, such as the 
cab-over models of the early 1980s, toward longer wheelbase three- and four-axle tractors. 

A number of tractor-semitrailer combinations are considered SHV s, in that the semitrailer is 
designed to transport a specific commodity in one direction and is operated empty on the return 
trip. End-dump trailers, cargo tank trailer, bottom-dump trailers, and automobile transporters are 
all examples of SHV trailers. 
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MUL Tl-TRAILER COMBINATIONS 

There are four types of multi-trailer combinations operating in the United States: (1) STAA 
doubles (twin 28-foot trailers); (2) Rocky Mountain doubles (RMD); (3) turnpike doubles (TPD); 
and (4) triples. The RMD, TPD, and triple-trailer combinations are generally grouped together 
under a common category referred to as longer combination vehicles (LCVs). In aggregate, 
double- and triple-trailer combinations represent a very small number in relation to the total truck 
combination fleet, approximately 20,000 in 1994 or 0.05 percent. Like single unit trucks and 
other combinations, multi-trailer combinatio~ are used to haul a variety of commodities and 
trailers are speciaJiz.ed for the colDDlOdities being carried. 

Surface Transportation Assistance Act Doubles 

. The 1982 STAA provided for the unrestricted use of two-trailer combinations (two 28 foot to 
28.5-foot trailers) on the National Network (NN). The NN consists of the Interstate System and 
routes designated by FHW Am consultation with the States. Prior to 1982 the operation of 
double trailers of any length was primarily limited to States West of the Mississippi River and 
turnpikes in a few Eastern States. 

Since 1982, growth in the use of ST AA doubles in relation to the size of the total truck fleet as 
been relatively small Nationwide, with the exception of California and many States m the East 
where they were prolul>ited prior to 1982. Nationwide, STAA doubles represent approximately 
2.5 percent of all truck combinations. Generally, the industry segment where the STAA double is 
important is the LTL segment where tare weight is not a consideration. 

Longer Combination Vehicles 

Figure m-3 illustrates the common LCV combinations: RMD, TPD and triples. The RMD 
consists of a truck-tractor and one long front trailer, ranging in length from 40 feet to 48 feet, 
towing a shorter 20-foot to 28-foot trailer. The RMD combinations are currently allowed to 
operate on turnpikes in six States and on other routes in 14 States and since the mid-1950s on 
three of the six turnpikes (Indiana, Massachusetts and New York). 
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FIGOREll-3 
LONGER COMBINATION VEHICLES 

ROCKY MOUNTAIN DOUBIE 

28'Traier "8'Semiraier 

11J1lNPIKE DOUBLE 

.i48'Traier "8' Semitraier 

TRIPLES 

28' - 28.5' Trailer 28' - 28.5' Trailer 28'-28.5' Semitraile 



The TPD combinations consist of a truck-tracto.! towing two long trailers of equal length, 
typically two 40-foot, 45-foot, 48-foot or 53-foot trailers. The TPD combination is allowed in all 
but three (Oregon, Wadtingt'>n, and Wyoming) of the States in which RMDs are allowed to 
operate. However, the allowable weights and the extent of highway networks upon which these 
vehicles may operate vary among the States. 

A triple-trailer combination consists of a truck-tractor and three trailers in tow-typically three 
28-foot to 28.5-foot trailers. Triple-trailer combinations are allowed to operate on limited 
highway networks in fourteen States under permit with restrictions. Triple-trailer combinations 
have been operating in four States since the 1960s (Idaho, Nevada, Oregon, and Kansas). 

Table ID-3 provides a list of the States where LCVs are allowed to operate, by configuration. 
Also indicated is the first year of operation. 
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TABIEm-3 
LONGER COMBINATION VEBICI.D 

STATFS AND CONFlGURATIONS PERMl1TED 

AJuta Notpw .,. 1914 

Arirxla 1976 1976 

Colondo 1913 1913 

ldabo 1961 1961 

MCllllal 1917 1972 

Nlbruta 1914 1914 

~ 1969 1969 

NC111bDama 1913 1913 

otllJaolm 1917 1916 

Orqoa 1967 NOlpct ·red 

Sou&bDmlu 1911 1914 

U&ali 1975 1974 

Wamm,taa Not pet I ·stw1 Not permiDed 

Wyumiuc Notpec ·va N<ilpea_:PWI 

1wnqM-t;srtt_~ 

Florida Not pcrmilled 1961 

IDdiam 1986 19S6 

ica- 1960 1960 

M1-cba11CG1 Notpermiaad 19S9 

lffw York NotpnmilW 19S9 

Ohio 1990 1960 

Soarce: GAO Lols,er c-bi,saricP Tnd:r, 1994 

1914 

1976 

1913 

1961 
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INFLUENCE OF SIZE AND WEIGHT POLICY ON FLEET 
CHARACTERISTICS 

Federal and State TS&W regulations define the weight and dimensional envelope into which the 
truck fleet must fit, and this influences the characteristics of the National fleet. Other factors also 
influence truck characteristics, such as: freight and logistical considerations (commodity, shipment 
size, package, fragility, temperature control, origin-(festination patterns, delivery time 
requirements); infrastructure considerations (terminals and route options between 
origin-destination pairs); truck economic considerations (replacement cycles, re-sale markets, fuel 
economy, driver flexibility); truck operating strategies and company structures; special permitting 
policies and practices; regulation enforcement; and intermodal requirements. 

Sometimes a truck is operated within only one TS&W regulatory regime or envelope, typically 
however, the envelope is a composite of various limits established by Federal and State 
regulations. Additionally, for trucks operating across international borders with Canada and 
Mexico, Canadian provincial law and Mexican Federal law applies. A trucker confronted with 
multiple TS&W regimes and interested in operating at one or all of the boundaries of the 
composite envelope must either select a "least common denominator" vehicle and operating 
strategy, or a vehicle and operating strategy that can be modified in route (for example, removing 
a trailer, reducing the load, moving an axle). 

The primary commodity groups transported by combination trucks are processed foods; building 
materials, logs and forest products, and petroleum and wm products. It is interesting to note that 
beginning in the late 1980s an industry trend began to emerge: the mean average loaded weights 
(tare weight plus payload) were decreasing while the tare weights of trucks increased. 
Commodities transported, such as electronic equipment and more highly processed goods, are 
becoming lighter. 

Table ll-4 provides information on average payload and loaded weights for the five major truck 
and combination body types operating Nationwide in 1994. 
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TABLEm-4i 
MEAN AVERAGE PAYLOAD AND IOADED WEIGHT OF COMMON TR.UCX TYPES 

(pHIDm) 

Pladi:inDIPlalb 30,715 56.9()0 36;710 65,350 45.33() 

Vu 34,890 60.340 30.555 61.S50 33,.935 

GmiDBody 41,970 63.340 41.030 74,.510 56.31() 

DumpTmet 34,760 59,460 41.510 72,160 • 
TukBody 47,910 72,390 '46,410 74,490 • 

• ladicalN ftrf ..n ample lli:r&. 

64,470 

65,100 

10,140 

• 
• 

Under the current 80,000 pound Federal GVW limit the following observations are noted: 

• On average, none of these combinations utilizes the maximum weight allowed; and 

• Five-axle tractor-semitrailer combinations with specialiffii body types ( dump, tank, 
grain) use about 93 percent of available GVW. 

WEIGHT LIMITS 

Current Federal weight limits apply to GVW and axle weights. The GVW limit is 80,000 pounds 
and '-."<le weight limits are 20,000 pounds for single axles and 34,000 pounds for tandem axles. 
One or both of the Federal axle limits are surpassed by the laws of 25 States, through the exercise 
of grand&ther rights on the Interstate in 12 States, and permit policies in most. Weight limits for 
other axle groupings are determined through the application of the Federal bridge formula and/or 
State regulation. 

Current Federal axle weight limits were established to minimize infrastructure damage under a 
Federal bridge fommla with a maximum GVW limit. Consequently, various innovative 
arrangements of axles and tires have evolved to increase load capacity within the GVW limit and 

· not exceed axle limits. Three of these innovative arrangements are "super-single" tires, split 
tandem axles, and lift axles. 

TIRE LOAD LIMITS 

The increasing use of wide-base "super-single" tires in the United States is an innovation that 
originated in Europe. Federal law and most State laws do not discourage or prohibit the use of 
wide-base single tires. Benefits to industry include reduced energy use, emissions, tare weights, 

1 TIUS 1992 database. 
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and truck operating costs. As with tire pressure _and tire loads, there are conflicting views 
concerning the public benefits and costs and whether the use of wide-base tires should be 
regulated. 

AXLE CONFIGURATIONS 

Axle types and configurations frequently observed on single unit trucks, particularly SHV s include 
lift axles, split-tandem axles, tridem axles and quadrem axles. Use of these axles and 
configurations have evolved over the last two decades as the industry adapted to Federal a.T\d 
State TS&W limits. 

Split Tandem Axles 

A split tandem axle is created by increasing the spacing between the two axles in a tandem axle 
group from a typical standard of appro,clrnarely 4 feet to 8 feet, 9 feet or IO feet. Split tandem 
axles are an increasingly common feature of trucking throughout the United States. The 
operational advantage to the carrier of split tandems is two-fold: (I) increasing GVW within the 
allowable limit; and (2) increased flexioility in load distribution. By increasing the spacing, rather 
than being considered a tandem axle with an axle weight limit of 34,000 pounds, the split tandem 
is considered as two single axles with a total weight limit of between 38,000 pounds and 40,000 
pounds depending on the spacing. Under Fedetal Bridge Formula B, the combined weights 
allowed on a split tandem axle are: (I) 38,000 pounds at more than 8 feet; . 
(2) 39,000 pounds at 9 feet; and (3) 40,000 pounds at 10 feet or more. 

Tridem Axles 

Tractor-semitrailer combinations with a tridem axle C'!'. the semitrailer are operating in all States, 
as are single unit trucks _with tridem axles. Tridem axle semitrailers are used in about 5 percent of 
the truck combinations operating Nationwide and are most common in the Northeast region and 
least common in the South Atlantic region. On tractor-semitrailers, tridem axles offer the same 
advantages offered by split tandem axles, namely higher gross loads ( especially in those States not 
limited by the 80,000-pound Federal weight limit). This is particularly important for movement of 
commodities such as heavy machinery and transportation equipment on tractor-semitrailer 
combinations. 

Utt Axles 

Lift axles are one innovation utilized by carriers to allow maximum use of capacity without 
exceeding weight limits. Generally, a truck operates with the axle down when the truck is loaded 
to increase its weight limit, and up when empty to increase maneuverability and handling of the 
vehicle. The concern with lift axles arises when a truck is loaded and the lift axle is raised by the 
driver during operation on the highway resulting in redistribution of the weight over fewer axles. 
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Throughout the country, lift axles are routinely used on single unit trucks such as dump trucks 
and cement mixers throughout the country, as well as on semitrailers and trailers operating where 
GVWs over 80,000 pounds are permitted. Lift axles are used on 6 percent of all three-axle and 
77 percent of all four-axle single unit trucks. In a number of States five-, six- and seven-axle 
single unit trucks.with two to four lift axles are operated. Federal TS&W laws, as well as most 
State laws, do not address the use of lift axles. 

GROSS VEHICLE WEIGHT AND IMPACT OF THE BRIDGE FORMULA 

Nationally, the average loaded weight for five-axle tractor-semitrailers operating on the Interstate 
System between 57,000 pounds and 75,000 pounds depending on trailer body type. Most trucks 
and combinations operate at or below the GVW limits, although many do not reach their weight 
limit because of volume capacity. Tank trucks and trailers operate at average load levels that 
reach their maximum weight limit and "weigh-out" over 80 percent of the time, while this occurs 
less than 20 per~ of the time for enclosed van trailer combinations. Enclosed van trailers, in 
may instances, are used to transport commodities that have low density and as a consequence the 
cubic capacity of the trailer is filled before the maximum weight allowed is reached. This is 
referred to as "cube-out." 

The mandated implementation of the Federal bridge fonnula in 1982 led to the creation of a 
variety of vehicle configurations and characteristics not initially envisioned. Such configurations 
and characteristics are typically directed at increasing the potential payload weight for 
configurations. 

Examples of"bridge formula" trucks and truck characteristics that have emerged are: (1) 
four-axle tractors with a pusher lift axle (to provide more axles within a given outer bridge limit); 
(2) very long "tongues" on truck-trailer and double-trailer comb!Dations (to increase the distance 
from the first axle to the last axle, and therefor a higher gross weight limit); and (3) split tandem 
axles-a now common feature of five-axle tractor-semitrailers, carrying heavy commodities. 

DIMENSIONAL LIMITS 

SEMITRAILER LENGTH 

Federal law concerning semitrailer length ( 48 feet) and trailer length for standard ST AA doubles 
(28 feet to 28.S feet) is a facilitating law, specifying the minimum lengths that States must pennit 
on the NN for trucks. As a result, . semitrailer lengths throughout the country are largely 
controlled by State laws specifying maximum semitrailer lengths and/or tractor-semitrailer 
combination lengths. 
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Van body trailers are designed to m;1.yjmi:re payload within the length limits of the States in which 
the vehicle will be operating. For example, vanuailers for hauling grain are often designed with 
drop-bottoms to increase cubic capacity without exceeding State height limits. On the other 
band, flatbed trailers often do not need to utiliu the entire available length or width limits. In 
certain States semitrailer lengths and operating properties are also influenced by kingpin 
requirements. Such laws set a specified distance from the kingpin trailer connection to specified 
axles(s). 

Semitrailers have undergone major changes in the last 30 years in response to changes in Federal 
and State regulations, such as the shift from the industry standard 45-foot semitrailers to curtent 
use of many 53-foot semitrailers. The historic trend has been incremental growth in the length of 
the semitrailer fleet with each new length taking about 10 years to 12 years to become the new 
standard. For example, the 45-foot semitrailers introduced in 1970 were the industry standard for 
van trailers until the 1980s when the 48-foot semitrailer became the standard. The new market 
share for the 53-foot semitrailer in 1994 was 30 percent. The 53-foot semitrailer offer an 
18 percent increase in volumetric capacity over the 45-foot semitrailer. 

The distn1>ution of 53-foot semitrailers by trailer body type is: (1) 90 peccent of the automobile 
transporter fleet; (2) 30 percent to 40 percent of all types ofwn trailers; (3) 15 percent to 
20 percent of the flatbed fleet; and ( 4) less than 10 percent of specialized truck body types. 
Currently, semitrailers longer than 53 feet are permitted to operate in 11 States ( on most State 
NN &cilities)-Alabama, Arkansas, Arizona (Interstate only), Colorado, Kansas, Louisiana, 
Montana (under a readily available permit), New Mexico, Oklahoma, Texas Wyoming. The 
extent of their use is unknown, although it is believed to be relatively Sinall at the present time. 

WIDTH 

The STAA of 1982 was a facilitating law providing for the free movement of 102-incb wide 
equipment on the NN. Although the STAA of 1982 provided for uniformity on the Interstate and 
NN, several States have a 96-inch width limit for commercial vehicles on non-NN routes. As a 
consequence, 96-inch wide equipment remains common place. 

HEIGHT 

Height limits have been established over the years to assure clearance of vehicles under rail or 
highway overpasses. The clearance standard for bridges constructed over the Interstate System is 
a minimum of 14 feet. Some State constructed turnpikes built prior to 1956 do not meet the 
Federal standard and the clearances mu.st be posted. Most W estem States limit vehicle and load 
heights to 14 feet or more, while the Eastern States, except Maine, limit vehicle and load heights 
to 13.5 feet. 
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DOMESTIC FLEET OPERATIONS 

The relative intemity of trucking traffic, as well as traffic patterns and activity throughout the 
Nation, can be measured by: the volume of truck flows on major highways and the truck 
vehicle-miles-of-travel {VMT) in each State. 

TRUCK FLOWS 

Truck volumes operating on the National Highway System (NHS) are illustrated in Figme ID-4. 
Flows range ftom fewer than 100 trucks per day on rural corridor highways to over 25,000 trucb 
per day on the Interstate in and around major urban centers. 
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General observations regarding the flow of trucks include: 

• Truck traffic per mile of NHS highway varies widely throughout the country-ranging from an 
anrnial average of one truck or two trucks per hour in each direction to more than 500 trucks 
per hour. 

• Truck volume on most of the NHS mileage in the Western region is relatively low. 
Exceptions include major North-South routes in the Interstate Route S coastal corridor, and 
major East-West corridors awociatcd with Interstate Route 80, Route 40, Route 1 O and 
Route20. 

• Truck volumes cast of the Mississippi on much of the NHS mileage range from modest in the 
New England States to very high in the mid-Atlantic region. 

• Many of the highways in the North-South, mid-Continent 1-35 conidor have relatively low to 
modest truck volumes. The lowest truck volumes in this corridor are at the Northern and 
Southern ends, and in the middle of the conidor through Kansas. Dominant trucking actMty 
in the corridor includes East-West trips, and travel between most corridor States and the 
North Central region of the United States. 

TRUCK VEHICLE MILES OF TRAVEL 

Total truck VMT in 1994 was approximately 168 billion; distribution as measured by VMT in 
each State, is shown in Table m-s. As indicated, California had the highest truck VMT 
(16.8 billion), equal to approTimately ten percent of National truck VMT. Regional distribution 
of total truck VMT is approximately 25 percent in the North Central region, 20 percent in each of 
the South Atlantic, South Gulf and W estem regions and 1 S perec=ait in the Northeastern region as 
previously shown in Figure ID-4. 
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3', 773,999 

271,942.991 

I 33,704,999 

27,131,000 

I 7,025,000 

3,441,000 

I 111,919,000 

12,121,999 

I 7,934,999 

11,651,000 

~1 92,316,001 

61,101,001 

I 
25,736,997 

2",671,000 

39,122,001 

I 37,430,000 

11,,t69,001 

I 44,164,999 

I 15,112,991 

43,317,002 

I 
21,543,000 

S7,2U,OOO 

I 
I Excluded: auto, bus and light trucks 

I 
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TASLE~ 
1994 TRUCK VMT BY STATE 

(000s) 

3,931.6l5 

S,490,,345 

279,.371 

5,7.0.SOl 

3,004,366 

15,465,999 

13,019,000 

10,501,000 

60,465,991 

20,479,999 

111,970,002 

71,921,001 

6,337,999 

91,199,997 

36,979,997 

19,453,000 

92,347,001 

7,09S,OOO 

37,245,001 

7,630,998 

S.,SlA,001 

178,347,999 

11,078,002 

6,152,000 

67,608,999 

47,421,000 

17,111,001 

S0,273,000 

6,688,991 

23,599,913,970 

1,sn;m 

1,224,392 

598,353 

3.SM,190 

1,751,453 

5,235,216 

&,174,775 

513,.377 

7,201,332 

3,151,269 

1,116,079 

8,104,611 

326,770 

2,033,419 

551,801 

3,699,519 

14,-471,141 

1,376,369 

405,991 

4,918,220 

3 ,444,500 

1,569,653 

3,175,214 

827,671 

170,396,812 
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SINGLE UNIT TRUCK VEHICLE MILES OF TRAVEL 

Single unit trucks account for approximately 42 percent of the total truck VMT. Two- and 
three-axle trucks account for the majority of the single unit truck VMT, approximately 85 percent 
and 12 percent, respectively. Although the number of four- or more axle single unit trucks has 
more than doubled since 1982, their share of the anrwal VMT, 3 percent, is an indication that their 
use is primarily short-haul or interstate. 

SINGLE-TRAILER COMBINATIONS VEHICLE MILES OF TRAVEL 

Tractor-semitrailer combinations are the most common combination operation in the Nation, 
accounting for over 25 percent of all registered trucks and 82 percent of all truck combinations. 
They include combinations of a two-, three- or four-axle tractor with a semitrailer having one or 
more axles. In some instances, as many as eleven axles are seen on semitrailers. In 1994, 
tractor-semitrailers accounted for approYimately 53 percent of the total truck VMT, or 
89.6 billion VMT. 

Truck-trailer combinations are the second most common combination in the Nation, aecounting 
for approxirnatcly 14 percent of the truck combination fleet. This use increased significantly since 
1982, primarily in the North Central region of the Nation. Truck-trailer combinations however, 
with 3.1 billion VMT, account for less than 2 percent of the total truck VMT. Over 50 percent of . 
this VMT is attributed to the five-axle combination. 

MUL Tl-TRAILER COMBINATIONS VEHICLE MILES OF TRAVEL 

Surface Transportation Assistance Act Doubles 

Total annual VMT for the STAA double (twin 28-foot) is approximately 4.5 billion mile per year, 
or 2.6 percent of all truck VMT. It accounts for 4.5 percent of all truck combinations VMT, and 
71.3 percent of all VMT operated by double trailers. 

Longer Combination Vehicles 

LCVs are permitted in 20 States and includeRMD, TPD and triple-trailer combinations (See 
Table ill-6 for a listing of where these vehicles are permitted to operate). 

Rocky Mountain and TumQike Doubles 

Total VMT by longer double-trailer combinations was 1.8 billion VMT in 1994, equal to 
approximately one percent of all truck VMT and less than two percent of truck combinations 
VMT. 
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IrifJte-TraQer Combinations 

The number of triple-trailer combinations is relatively small in comparison to the total truck 
combination fleet: In 1994, total VMT for triple-trailer combinations was 108 million distnlmted 
among the 14 States where they operate. On average each triple combination travels 
approYffl\&tely 89,701 miles per year. Total triple-trailer VMT was approximately 0.1 percent of 
the total VMT for all combinations, with approYimately half of the VMT split between two 
States, Utah and Oregon. 

MUL Tl-TRAILER HIGHWAY NElWORK 

The highway network for operation of STAA doubles and LCVs is limited when taken as a 
percentage of the total public road mileage in each State. This is in contrast to total public road 
mileage of3,906,544. Table ill-6, Table ill-7, and Table ill-8 summari7.e the network mileage 
for STAA doubles, RMD and TPD, and triple-trailers by State of operation. 
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TABLEIM 
NETWORK MILES BY SIATE FOR STAA DOUBLES1 

3 

' 

:Z.112 

411 

371 

5,TrT 711 

9,141 * nee, 653 

5,400 

CcmudCFIIC 

Table HM-43, National Network for Trucks, Highway Stalistics 1991. 

Public Road Mileage, from Table HM-14, I 994 Highway Szali.stics. 
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TABLElll-7 
NETWORK MILES BY STATE FOR ROCKY MOUNTAIN AND TURNPIKE DOUBLES 

"2 

2,417 

303 242 

135 1,871 

36 4.514 

6,471 

Meeechwa, 13" 3,563 

243 S.616 0 

6,711 4,098 0 

43,123 17,175 

TABLEW-8 . 
NETWORK~ BY STATE FOR TRIPLE-TRAILER COMBINATIONS' 

Public Road Mileage, Table HM-14, 1994 Highway Stali.stia. 

"Report of the Subcommittee on Truck Siz.c md Weight of the AASHfO Joint Committee on Domestic Freight 
Policy," 199S and Strate contact 

7 Public Road Mileage, Table HM-14, 1994 Highway Statistia. 

1 Nebraska allows triples only when trailers are empty. 
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While ST AA doubles are allowed in all States, longer combination doubles in excess of 28 feet 
are only allowed in only 21 States. Indeed. !STEA of 1991 enforced a freeze limiting the use ·or 
the longer, heavier double- and triple-trailer combinations to those States in which they were 
already operating in 1991. The TS&:W limits that were included in the 1991.gnmdfather 
provision are summarized in Appendix_. Consequently, two-thirds of all double-trailer 
combinations are STAA doubles. Of the 21 States allowing longer combination doubles, all but 
five are West of the Mississippi River. Figure ID-5 and Figure ill-6 provide maps of the Turnpike 
and Rocky Mountain Double highway networks. 
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FIGUREll-5 
HIGHWAY NETWORK MAP FOR DOUBLE-TRAILERS 

Tumpike Doubles 
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FIGUREN 
HIGHWAY NETWORK MAP FOR DOUBLE-TRAILERS 

Rocky Mountain Doubles 

A triple-trailer combination consists of a tractor and three trailers in tow-typically three 28- to 
28.5 foot trailers. Triple-trailer combinations are permitted to operate in thirteen States under 
restrictive circumstances and on limited networks. The total network miles available for 
triple-trailer combinations is shown in Table ill-11. Figure ill-7 provides a map of the 
triple-trailer highway network. 
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FIGURE 111-7 
HIGHWAY NETWORK MAP FOR TRIPLE-TRAILERS 
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CROSS-BORDER TRUCKING AND INTERNATIONAL COMMERCE 

There are 77 highway crossings between Canada and the ten border States in the contiguous 
United States-I I of the highway crossings are Interstate, 15 are on other NHS routes, and 51 are 
on other highways. There are 38 highway crossings between Mexico and four Southwestern 
States-four are Interstate, nine are on other NHS routes, and 25 are on other highways. 

The volume of truck traffic from Canada into the United States is twice as high as truck traffic 
from Mexico into the United States. In 1995, an average of 14,008 trucks entered the United 
States every day from Canada compared with 7,943 trucks per day from Mexico. Between 1991 
and 1995, inbound truck traffic from Canada grew by 9 percent per year and traffic from Mexico 
grew 11 percent per year. 

The four States experiencing the highest volume of truck traffic from Canada, in descending order 
of number of trucks per day are: Michigan, New York, Washington and Maine. The two States 
experiencing the highest volume of truck traffic per day from Mexico are Texas and California. 
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SIZE AND WEIGHT LIMITS DIFFER 

TS&W limits governing trucking operations across the two borders are very different. In crossing 
to Canada all but·one crossing involving the NHS has GVW limits of more than 99,000 pounds 
and 9 of the 11 Interstate crossings have GVW limits of more than 105,000 pounds. In crossing 
to Mexico, all four Interstate crossings are limited to GVWs of80,000 pounds and six of nine 
other crossings on the NHS have a GVW of84,000 pounds (with a permit from the State of 
Texas). 

TRUCK CHARACTERISTICS 

The characteristics of trucks operating across the U.S. borders are affected by: type of trade, 
commodity, and the TS&W regulations of three countries. The majority of trucking across the 
Canadian border is conducted with five-axle tractor-semitrailer combinations, although a few 
single unit trucks are used. Commonly used tractor-semitrailer combinations in the cross-border 
operations on the Canadian border include: (I) seven-and eight-axle combinations with lift axles 
moving containers between British Columbia and Washington; (2) seven- and eight-axle A-train 
and B-train doubles, RMD and triple-trailer combinations between the Western provinces and 
Northwestern States; and ( 4) various heavy combinations with multiple axle groups limited by 
Michigan and Ontario bridge formulas. 

Different TS&W limits between Caoada and the Untied States result in unique situations. For 
example, an eight-axle tractor-semitrailer crossing into British Columbia from Washington 
converts to a six-axle by lifting axles on the tractor and semitrailer) and a wide variety of 
combinations having as many as 11 axles with one or more being liftable, operate between 
Michigan and Ontario. 

A large portion of truck traffic between Mexico and the Untied States is dominated by the two­
and three-axle single unit truck, and tractor-semitrailer combinations limited to 80,000 pounds. 
Very few double-trailer combinations are used. 

DOMESTIC AND INTERNATIONAL CONTAINER TRANSPORT 

Very few ports and rail iacilities are capable of direct intermodal transfer of maritime containers. 
As a consequence, containerized freight transportation has grown rapidly in recent years, resulting 
in an increased number of maritime shipping containers traveling on the transportation system. 
These containers may be loaded at weights that cause trucks to exceed Federal, State, or local 
vehicle weight limits. Additional infonnation on container characteristics and trends is included in 
Appendix_. 
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In general, containerized cargo refers to freight being transported in either domestic or 
international (maritime) containers. The significant cliff'ercnce between domestic and international 
marine containers is the structural standard for stacking endurance. Domestic containers are only 
required to have the structural strength to be stacked two high such as on a train, whereas 
international marine containers are required to have the strength to be stacked up to seven 
containers high. Another cliff'erence, domestic containers can be 102 inches wide, but 
international containers are limited to 96 inches. 

The dimensions of standard dry domestic containers in the United States are lengths of 4S-feet, 
48-feet, and 53-feet, width of8.S feet and height of9.S feet. The 28-foot container is also 
common in the United States. These dimensions have developed to take full advantage of the 
dimensional opportunities available from TS& W regulations. · 
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CHAPTER4 

SHIPPER CONCERNS AND MODAL COMPETITION 

INTRODUCTION 

In evaluating truck size and weight (TS&W) policy options, it is important to consider shipper 
concerns and the competitive advantages of truck, rail, water, and air modes. Shippers are a 
widely varying group who define freight transportation services by identifying customer needs, 
procuring necessmy materials, and ultimately delivering goods to meet customer needs. Shippers 
are impsscted directly by TS&W limits, as in the case of privately operated truck fleets, or 
indirectly affected beaiuse the carriers they select must comply with Ts&W laws and regulations. 

Shipper decisions regarding freight transportation are based on total logistics costs, customer 
requirements, and other corporate goals. Total logistics costs include inventory, capital cost of 
that inventory, warehousing, and transportation costs. These costs can vary !::tween industries 
and among firms within the same industry. TS&W policies contnbute to total logistics costs, but 
each shipper must evaluate their transportation options against potential tradeoffs with other 
logistics costs. 

Shippers are not a homogeneous group and the freight transportation market is dynamic with 
changing customer requirements, new transportation opportunities, technological advances and 
interrelated services. An example is satellite tracking c,f a shipment' s location. These factors also 
influence how much freight moves by truck or by type of truck, even if no change is made in 
TS&W policies. 

The 1997 Comprehensive TS&W (CTS&W) Study included a number of activities designed to 
understand the heterogeneous shipper interests and issues, and assess how shipper decisions 
relate to TS&W issues1

. Primary findings are: (I) shippers will optimize their logistics operations 
in response to TS&W policies; (2) service requirements of freight transportation must be met 

1 These activities and findings are discussed inReport#l0 of the 1997 U .SDOT Comprehensive TS&W Study. A 
Post Dengulation Perspective on Shipper Deci.sion Making. 
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before price decisions can be made; (3) transportation efficiency has increased in recent years as a 
result of transportation industry consolidationr,technological advances, and development of ·. 
closer shipper/earner/ third-party relationships; and ( 4) shippers consider transportation system 
safety to be important. 

The last two decades have seen remarkable change in the freight transportation industry. Major 
deregulation has occurred in truck, rail, and air transportation businesses. As a result, there have 
been considerable consolidations in the trucking and rail industries, blurring the boundaries 
between traditional business entities. Consequently, intermodal transportation services have 
improved. These changes have supported the development of integrated supply chains and 
teclmological advances that have improved the efficiency with which freight is moved. 

Nearly 56 percent of all freight shipped (measured in tons) travels less than 50 miles, and more 
than 75 percent travels less than 250 miles. In 1993, the trucking industry handled about 
66 percent of all freight tons and about 75 percent of the market value of all freight shipments.2 

However, trucks constituted a far smaller portion of freight movements in terms of ton-miles 
traveled (about 36 percent) whereas rail accounted for 39 percent and water modes accounted for 
11 percent of the total in 1993 with the balance made up by intermodal and other forms of 
transport. The value, travel distance, time-sensitivity, and density of freight combine ultimately to 
determine the means and mode of freight transportation. 3 

RECENT CHANGES AFFECTING SHIPPERS AND FREIGHT 
TRANSPORTATION 

I 
I 
I 
I 
I 
I 
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Since 1980, there have been significant changes in United States and global freight transportation. I 
A number of common issues have prompted cross-industry (transportation) change that has had 
an impact on both the structure of the transportation systems and how shippers use these 
transportation systems. The most important factors influencing these changes are: (I) global I 
markets; (2) deregulation; (3) technological advances; (4) merger, acquisitions, and alliances; and, 
(5) shipper process change. These factors, including TS&W limits, and other issues directly I: 
impact shipper logistics costs and how freight is moved. 

2 1993 Commodity Flow Survey (CFS) data. 
3 A description of the models used tf\ estimate the diversion of freight from one mode to another is provided in the 

Volume m Report of the 1997 Comprehensive TS& W Study. 
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GLOBAL MARKETS 

Shippers and carriers have an increasing interest in globaliz.ation. For example, rather than being 
solely concerned with a Chicago-New York transportation move, a company may now have to 
consider inbound flow from Asia and outbound tlow to Europe and South America. This 
increases the complexity of the transportation network - and of the entire supply chain - and 
provides new challenges to effectively manage a combined global and domestic goods flow 
network. 

. .. globalization ofU.S. business has been a double edged sword providing both a 
threat and an opportunity. There is no doubt, however, that it is no longer 
business as usual, and companies have responded, in part, by copying some foreign 
business practices, e.g., "just-in-time" (JIT) inventory control and flexil>le 
manufacturing systems, as well as instituting other changes in their organiz.ation 
structures to remain competitive. 

[Global] ... markets include foreign purchasing (sourcing) of raw materials and 
supplies and selective sales in international markets with extensive use of 
intermediaries lQ multi-&ceted international mamifacturing and marketing 
strategies encompassing international production sites, multi-staging inventory, 
and counter trading product sales. The growing international dimension of both 
the inbound and outbound logistics channels has had and will continue to have a 
major impact upon the logistics and transportation requirements of companies. 4 

ECONOMIC DEREGULATION OF TRANSPORTATION 

An overview of economic deregulation of transportation is relevant to TS& W for many reasons, 
including: changes to TS& W regulations have been stimulated by increasing markets for the 
trucking sector, growth in the number of carriers and trucks following deregulation is significant 
and has contributed to capacity problems iaced by the States, and changes to TS&W limits can 
either stimulate or stifle efficient commodity flow, impacting both domestic and international 
commerce. 

SURFACE TRANSPORTATION INDUSTRY DEREGULATION 

The freight transportation industry in the United States has experienced enormous changes since 
1980. In the late 1970s, advocates for deregulation of transportation began to argue for 
elimination of Federal economic regulation and Congress began to reevaluate the body of 
transportation regulation that had been developed since the Interstate Commerce Commission 
(ICC) was created in 1887. Under the belief that inefficiencies existed, caused by rate and entry­
exit regulation, Congress determined that the Nation's transportation system could perform better 

4 "Future Manufacturing,~. and Logistics oceds," John J. Coyle, Coofen::nce Proceedings 3: lntcmatiooal 
Sympos:imn on Motor Carrier Transportation, National Academy~. 1994, pg 21. 
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with less regulation and more competition. A~ of Federal deregulatory laws- including 
the Motor Carrier Act of 1980, the Staggers Rail Act of 1980, the Sumce Transportation · 
Assistance Act (STAA) of 1982, the Intcrmodal Surface Transportation Efficiency Act (ISTEA) 
of 1991, the Trucking Industry Regulatory Reform Act (TIRRA) of 1994, Trtle VI of the Federal 
Aviation Administration Authorization Act of 1994, and, the Termination of the ICC Act 
(TICCA) ofl995-followed as Table IV-1 shows. 

TABLEIV-1 
DEREGULATION OF SURFACE TRANSPORTATION 

TJ'Mlda& STAA TIRRA TICCA 

JSTEA TICCA 

JSTEA TICCA 

Under the deregulated market, each freight transportation mode experienced significant business 
volume growth in the 15 years that followed the 1980 and 1982 legislation. Although each mode 
had a rise in ton-miles (Table IV-2), the greatest gains were made by air freight and non-ICC 
regulated trucking. The Eno Foundation's estimate of domestic intercity ton-miles show the 
variance in relative shares as the industry bas evolved during deregulation. In the early l 980s rail 
lost share to trucking, but it recovered somewhat in the 1990s with new operations and services. 

TABLEIV-2 
HISTORICAL DOMESTIC INTERCITY TON-MILES OF FRmHT BY MODE (Billions)5 

Selected Yean 

5 Percents are based on totals which include oil pipelines and all Rivc:rs/Canals not just domestic. 
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THE STAGGERS RAIL ACT OF 1980 

The Staggers Rail Act of 1980 limited ICC authority over maximum rail rates to movements 
where railroads had market dominance over the specific traffic at issue.' The Act also allowed 
carriers and shippers to enter into confidential, unreviewable rate and service contracts, and 
broadened the ICC's authority to exempt specific traffic segments or services from all regulation, 
if competition is sufficient to protect shippers. As a result of all these changes, today, only 
approximately 10 percent tolS percent of rail traffic is subject to maximum rate regulation. The 
ICC's ma~ rate guidelines are designed to stimulate a competitive rate level in cases where 
market forces are weak or absent. 

The Staggers Act set minimum rates at "a reasonable minimum," which the ICC interpreted as not 
below directly variable costs. By prohibiting most collective ra.temaking .as collusive, the Act 
significantly stimulated intramodal competition and encouraged rail-barge and rail-truck 
intermodal movements (the Act did retain permission for railroads that participated in joint line 
movements to work together to set rates). 

The Act extended 1976 legislation and ICC administrative actions to allow railroads to abandon 
lines where traffic did not support the cost of providing service. By allowing any financially 
responsible pany to acquire an abandoned line at low cost, the Act preserved local rail service in 
many areas and stimulated the growth of the shortline railroad industry. The Staggers Act also 
placed time deadlines on ICC determinations in abandonment and merger proceedings, and set 
slightly easier approval criteria for mergers and acquisitions that did not involve at least two 
Class I (major) railroads. 

THE MOTOR CARRIER ACT OF 1980 

The goal of Congress and the ICC in deregulating the trucking industry was to lower rates, 
particularly in the less-than-trucldoad sector. Various studies concluded that the trucking 
industry's collective rate-making system, composed of regional rate bureaus, resulted in rates in 
the less-than-truckload (LTL} sector that were substantia]ly higher than they would be in a fully 
competitive environment. 7 To remedy this situation, Congress passed the Motor Carrier Act of 
1980, which significantly affected the structure and functioning of the trucking industry by 
limiting collective rate making, easing entry restrictions, and encouraging pricing freedom. 

' For a railroad to have market dm!inan= over a specific movc:mmt. the rate to variable cost ratio for the traffic has to 
exceed a statutory threshold (originally set at 160 pcrcc:nt and rising by iu.::tc:meuts to 180 pcrccnt, the level today). 
Additionally. tbcrc must be no c:ffcctive intcnnodal. intramodal. product or geographic competition for the 
movemc:nt. 

7 For one example, see John W. Snow, "The Problem ofMotor Carrier Regulation and the Ford Administration's 
Proposal Reform." in Paul W. MacAvoy and John W. Snow, eds .• RegullJlion of Entry and Pricing in Tn1ck 
Transportation . American Enterprise Institute, 1977. 
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The Motor Carrier Act of 1980 directed the ICC to eliminate gateway and circuitous route 
restrictions, as well as some other operating restrictions, for the common carrier segment of the 
industry and for contract carriers of property, the Act eliminated restrictions on the number of 
shippers they could serve. Of particular importance, the Act phased-out antitrust immunity for 
collusive rate-setting activities, which resulted in increased price competition. 

A significant provision of the Motor Carrier Act was the relaxation of entry restrictions for new 
carriers, making it easier to obtain certificates of operating authority. Unless the ICC found the 
proposed new service !-, be incnosistent with public convenience and necessity, the ICC was 
required to grant certificates. Prior to the act, applicants had to prove that their proposed new 
service was in the public interest. Existing carriers serving the market now had to prove that the 
new service was not in the public interest. 

INDUSTRY CHANGES 

Deregulation of the sumce freight transportation industry allowed the transportation system to 
grow in siz.e and to become more efficient. Industry figures suggest that a huge influx of new 
entrants into the trucking business followed the Motor Carrier Act of 1980. In the period from 
1978 to 1987 the number of for-hire carriers increased from 67,038 to 89,6n; the number of 
local carriers increased from 41,069 to 50,091; intercity carriers increased from 21,426 to 33,547; 
and household goods carriers increased from 4,S43 to 6,039. The largest increase in number was 
the ICC-regulated carriers, doubling from 16,874 in 1978 to 36,948 by 1986.1 The largest 
increase in operating authority came primarily from small Class nr carriers, which almost 
exclusively provide TL service. These carriers increased from 14,610 in 1980 to 33,903 in 1986. 
The main source of this increase was from private carriers that took advantage of their ability to 
obtain backbauJ authority.10 Other sources of growth were in owner-operators, whc, previously 
leased their services to common carriers, and carriers that operated in intrastate or exempt 
markets. 

Rail and motor-carrier operations changed dramatically in response to the movement toward 
deregulation. Railroads and shippers negotiated thousands of contract rates for regulated and 
unregulated commodities. Consolidation and abandonment reduced excess capacity and improved 
yard and linehaul operations, enabling railroads to lower their costs and to offer substantially 

1 "Trends and Statistics.., Commercial Carrier Journal, July 1987. 

9 Cliw m carriers are those carriers receiving IIJlDU8l gnm operating revenues less than S3 million :from property 
motor carrier operations. 

10 Toto Purchasing and Supply Co., Inc. 128 ICC 873, March 24, 1978. 
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faster service.11 In 1975, there were 73 Class 112 railroads; by 1988, the number had dropped to 
17, operating 82 percent of the system mileage mid employing 90 percent of the industry's labor 
force. By 1995, the number had decreased to ten Class I railroads.13 

An important outcome of deregulation of motor carrier and rail that is relevant to TS&W 
regulations is the shipper advantage gained. For example, the average rail rate per ton declined 
38 percent between 1980 and 1995 (after adjusted for inflation).1

' From a shipper's point of 
view, the improvements in rail and motor carrier service have also been beneficial because they 
have coincided with efforts to reduce inventory costs. There has been a shift to JIT production 
and inventory management, which attempts to minimire inventories by bringing in raw materials 
and components JIT for production. Companies are achieving substantial savings in the lower 
cost of warehousing, insurance, interest expense, taxes, loss, and damage. Deregulation aided the 
development of this policy beca11se shippers were freer to enter into contracts and to specify 
service standards that carriers had greater incentive and ability to meet. 

Deregulation of transportation services bas allowed carriers to focus on providing flexible service 
that responds to changing market conditions and is not dependent on a lengthy approval process 
by a regulatory agency. Carriers operate more efficiently, with more direct routes and fewer 
empty backbauls, and offer more service options with greater pricing flexibility. 

TRUCKING INDUSTRY REGULATORY REFORM ACT OF 1994 

Wrth the passage of the TIRRA in August 1994, the domestic trucking industry became almost 
entirely deregulated, finishing the work that Congress started with the Motor Carrier Act of 1980. 
The catalyst for clwlgc contained in the TIRRA was a provision that eliminatfd the long-standing 
requirement that interstate motor common carriers file their rates with the ICC. 

Before TIRRA, 41 States exercised some degree of control over truck movements within their 
borders through regulation of operation authority. TIRRA prompted many L TL carriers to 
expand their territorial coverage to include intrastate service. Further, large, well-financed 
regional carriers expanded into once-protected markets like California and T ex:as. Relevant to 
TS&W regulation was the provision in TIRRA that established the minimum entry requirements 
for motor carrier applications to safety, fitness, and financial responsibility with revocation of a 
carriers' authority limited to a carriers' failure to maintain safety standards and insurance. 

11 "Potential Benefits of Rail Mergers: An Ecooomctric Analysis of Network FJl'cc:ts on Service Quality, .. G. Hams and 
Clifford Winston,Rmew of Economics and Slali.stics, Vol. 65, February 1983, pp. 32-40. 

12 For 1994, Class I railroads are those railroads with operating revenue of $255.9 million or more. According to 
Railroad Facts published by the Association of American Railroads. Note: The operating level is adjusted annually 
for inflation. 

13 Association of American Railroads, Railroad JO Year Trend, 1985-1994. Washington, D.C., November 1995 

14 ICC Office ofEconomic and Euviroomental Analysis, Rail Rates Continue Multi-Year Decline (1995). 
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FEDERAL AVIATION ACT OF 1994: TITLE VI 

The Motor Carrier Act and TIRRA deregulated interstate commerce among States, permitting 
shippers to nego~te with truckers on rates, however some States exercised tight controls over 
intrastate operating authority-preventing earners from reaching the full potential of the Motor 
Carrier Act of 1980. Shippers found themselves paying more to move freight within large States 
than for aoss--country hauls. Restricted competition allowed intrastate rates to rise to levels 
about 40 percent higher than interstate rates for the same distances. i, 

On Jamwy l, 1995, Title VI of the Federal Aviation Act of 1994, the section that preempb State 
economic regulation of motor carriers transporting property intrastate, became effective. The Act 
bars all States from enacting or enforcing a law, regulation, or other provision having the force 
and effect of a law related to price, route or service of any motor earner ( other than a carrier 
affiliated with a direct air carrier) or any motor private carrier with respect to the transportation of 
property. 

THE INTERSTATE COMMERCE COMMISSION TERMINATION ACT OF 1995 

The deregulation of the rail and trucking industriC$ diminished much of the ICC nag,Jiati'>n in 
these industries; constraints on rates and entry into these industries were largely eliminated_ After 
the Motor Carrier Act, in addition to some residual rate and entry regulations, the ICC continued 
to enforce several kinds of ancillary trucking regulations on matters other than rates and entry. 
One of the "fitness" regulations the ICC continued to enforce was safety, requiring ICC-
regulated motor carriers to have insurance coverage, in the amount ofS750,000 in 1980. 

In December 1995, the ICC Termination Act was signed into law. The act eliminated dozens of 
ICC fun::tions, with the remaining respoDS10ilities transferred to a new Surface Transportation 
Board. The Board will continue to render decisions on undercharge claims, rate reasonableness, 
and adequacy of service. Specifically, it retained almost all its authority over rail regulation under 
the Staggers Act (mcluding maximum rates, abandonments, mergers, etc.). 

IMPACT OF DEREGULATION AND TRUCK SIZE & WEIGHT REGULATION 

Federal trucking deregulation has had a profound effect on all aspects of the industry since 
passage of the most significant legislation, the Motor Carrier Act of 1980.16 Simplified entry into 
the industry, greater pricing freedom, expanded classification of exempt commodities, provisions 
of for-hire services by private fleets, and easing of territorial restrictions have all contributed to 
stimulating industry and market competition. 

During the mid- to late-1980s the trucking industry underwent a significant reorganiz:ation that 
resulted many changes, such as established carriers expanding into new services, and private 

15 "The Brave New World of Tariff-Free Pricing." Ray Bohman, Traffic Managemenl, June 1995 

16 Harris,~ 
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carriers and owner-operators operating indepengently as for-hire interstate carriers. Economic . 
deregulation eroded the relevance of many traditional distinctions between trucking companies 
and carriers are now descnl>ed more by the market segment they serve, TL or LTL. TL carriers 
account for 80 to 90 percent of all combination truck traffic. 

Increased use of larger trucks following enactment of the STAA. of 1982 and changes in the 
trucking industry that evolved from economic deregulation coincided. A strong economic 
incentive influenced the trucking industry conversion to the ST AA trucks. Carriers select trailers 
largely on the basis of the characteristics of the c..ommodities they haul, therefore increases in 
truck size limits is oflesscr importance to TL carriers than the LTL carriers.17 

Consequently, any policy scenario that increases size limits, but not weight limits, would benefit 
one segment of the industry, the LTL carriers, but not TL carriers. The expanded use of twin 
trailers provided for in STAA. is primarily concentrated within the LTL segment of the industry, 
whereas the longer semitrailers are favored by the TL carriers. 

The 1980 deregulation of the rail and trucking industries strongly affected shipper decisions. 
Deregulation has given greater freedom to both shippers and carriers in meeting the requirements 
of the market place for both a cost-effective and service-effective system. However, deregulation 
has not been without its casualties. The industry changes in the mid 1980s found over a thousand 
truck lines a year ceasing operations. Many short-line railroads also ceased operations. Caniers 
which were not able to adapt to new shipper requirements were the first casualties of 
deregulation. However, many more thousands of motor carriers entered the market, as did about 
300 short line railroads . 

TECHNOLOGICAL ADVANCES 

New technology has provided the platform for many pervasive and continuing changes in 
transportation supply which have improved communication between shippers and carriers. 
Examples of technologies include bar coding, advanced material-handling systems, and 
sophisticated carrier routing and scheduling programs. Movement-related equipment, such as 
double-stack trains, RoadRailer11, and other advanced rail car designs, has also provided 
technology applications that have a direct impact on the economics of both shippers and carriers. 
Electronic Data Interchange (EDI) and more broadly electronic commerce is linking together the 
shipper, carrier, and customer in real time. Additionally, reduced costs and increased capabilities 
of personal computers contnbuted to improvements in shipper and carrier communications. 

17 Harris.mu;il. 

11 A type of rail-highway vehicle developed in the late 1950s by the Chesapeake and Ohio Railroad consisting of a 
convcntiooal highway semi-trailer with a pair of steel railroad wheels tha1 could be lowered so the trailer could also 
ride on railroad tracks. The evolution of the RoadRailer is summarized in lntermodaJ Freight Transportation, 3rd 
edition, Gerhardt Muller, 1995, pg.62. 
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The impact of . . . computer technology on logistical practices has been far 
reaching. Complex tasks such as truck routing and scheduling are now much more 
routine using desktop computers. Simulations of entire logistical systems can be 
developed to determine the optimal approach to achieving desired customer 
service performance. It is possible to simulate the knowledge oflogistics experts 
and combine it with CUITent data to develop new strategic alternatives. Such 
systems offer the promise oflinking ltatus and control information from material 
procurement to finished product customer delivery. The development and 
management of such a lmge data base would not have been possible a few short 
years ago. 

Current available systems such as bar coding are being improved and combined 
with data communication tnmm,ission to improve logistical control and manage 
inventory more effectively. Wrth the advent of satellite transmissi~ a 
shipper/carrier can pinpoint the exact location and schedule of an individual 
package at any time throughout the entire logistical supply chain. Throughout the 
logistics infrastructure, carriers, warehouses, and special service providers are 
introducing much better information and control systems. 

The information transmiuion part of the teclmological revolution is worthy of 
special note. EDI and bar coding have played a major role in the more efficient 
and efl'ectiv~ management of the distribution process, but there is. much more that 
can be done to integrate the systems of vendors, customers and transportation 
companies.1

' 

MERGERS, ACQUISmONS, ALLIANCES 

The high level of merger activity within and between the traditional modes of transportation 
during the past decade created new transportation capability for shippers. Several recent mergers 
of large Class I rail lines have been initiated for improving rail service and making it more 
competitive with trucks. Similarly, other mergers, acquisitions. and alliances within and between 
the modes have ~ed a new menu of enhanced carrier and third-party service capabilities for the 
shipper. Even with this enhanced menu, according to the National Private Truck Council and the 
American Trucking Associations. Inc., private carriers continue to represent a 52 percent share of 
interstate freight movement. At the same time that these mergers, acquisitions, and new al1iaooes 
are taking place, some carriers have emerged to aggressively take a new role in the transportation 
network. 

A key trend in organizational restructuring has been the flattening or leaning of 
organintions with layers of middle management being eliminated and the span of 
control being increased. The logistics and transportation function has frequently 

19 "Future Manufacturing. Markets, and Logistics Needs." John J. Coyle, Confcrc:occ Prooccdings 3: lntematiooal 
Symposium on Motor Carner Transportation. National Academy Press, 1994, p. 24. 
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been a primary area for economies to be implemented with less staff Wrth 
mergers, one company's department of logistics and transportation is often 
eliminated, or in some instances both, and the function is outsourced to a third 
party co~pany in whole or in part. 

... The outsourcing oflogistics and transportation has created a niche for 
transponation companies to add services that will add value for their customers. 
Some transportation companies have established subsidiaries to offer broad based 
logistical services for their customers including warehousing, inventory control, 
order processing, delivery, ... and so forth. 20 

SHIPPER PROCESS CHANGES 

There is strong evidence in almost every industry sector that forward-thjnkjng shippers have 
changed the way lhey go to market. It is difficult to find an industry Dlffling where one is not 
bombarded by the relative merits of a new alphabet of acronyms: JIT, Quick Response (QR), 
Efficient Consumer Response (ECR), Distribution Requirements Planning (DRP), and a host of 
others. Most of these in one way or another deal with connecting the supply chain with a unified 
operation, eliminating safety stock, duplicating inventory in the system, shortening freight 
ordering and transit times, and bringing more value to the consumer or user. 

Along with these changes have come changes in buyer-seller relationships in the transportation · 
network. Most of the freight moving today in the United States moves under contract 
rates-where the price of an individual shipment is set by an overall contractual relationship 
between a shipper and carrier. Shippers project that contract rate shipments could climb to over 
75 percent of total shipments by the tum of the century21. This trend suggests a changing set of 
relationships in the supply chain, and a !~ of relationships which may provide a more stable, 
predictable, and productive base for forecasting future transponation requirements. 

These five factors, along with other industry-specific factors, have a significant impact on costs, 
productivity, and strategy of the entire logistics supply chain. For a number of firms, the total 
logistics costs in 1996 on a cost-per-unit basis are lower than they were in 1980 (mflation 
adjusted). The savings come from elimination of duplicate inventory in the system, lower overall 
transportation costs, and reduced transaction costs in the supply chain. 

20 Coyle,~. p. 25 

21 Based on findings of Report #10 ofTs&W Study previously cited. 
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ANALYSIS OF MARKETPLACE CHANGES IN DISTRIBUTION22 

Logistics costs have been increasing since 1983 in the United States and are projected to exceed 
$600 billion anra1aJly during the 1990s. Logistics costs as a percentage of gross national product 
(GNP) declined from about 15 percent in 1981 to 11 percent in 1990. This decline is expected to 
continue through the 1990s. 

Table IV-3 presents the components of total National logistics costs in 1990. Of the major 
categories listed, motor carrier transportation costs accounted for $277 billion out of the total 
$600 billion. Expenditures for inventory costs ($221 billion) almost equaled transportation costs. 
Outlays for other transportation modes and administrative activities were small in comparison. 

Figure IV-1 indicates an overall decline in total expenditures for logistics, transportation and 
inventory carrying costs as a percentage of GNP from 1970 through 1990. During the 1980s, 
total business logistics costs declined by about $65 billion. About $35 billion of this savings is 
attnbutcd to reductions in transportation costs; savings in inventory carrying costs accounts for 
the remaining $30 billion. Figure IV-2 demonstrates the dramatic decrease in inventory levels 
during the period 1980 through 1990. 

TABLEIV-3 
COMPONENTS OF 1990 LOGISTICS COST 

laWIIIGr7 c.n,u., Colla ..... 
Tuma. itt. h r aau, clep.e.:illliaa 
Wuell:c . I 

TIUlllpOllaliaa Coru 
Motor'Curiaa 

Pllblicaadbbiff 
Privarcaadbowaac:CCIUI& 
Loc:aJ frcilbt.mcea 

OlbetCanicn 
Railroada 
Wa1etcaniaa 
Oilpipdima 
Aircanicn 

Shipper Related r.o111 

Diltribu&ioa Admiaillntioa 
Tocal 

22 The material in this section is based on Coyle, sm.,wiL 
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RGUREIV-1 
BUSINESS LOGISTICS, TRAf!SPORTATION, AND INVENTORY 

CARRYING COSTS AS A PERCENTAGE OF GNP 
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FIGUREIV-2 
NOMINAL RATIO OF BUSINESS INVENTORIES TO FINAL SALES~ 1980-1919 
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SHIPPER DECISION MAKING PROCESS 

The complexity of the shipper transportation decision process is shown in Figure IV-3. The 
process begins with understanding customer requirements, then flows into network shipping 
options, modal choice, carrier choice, and post-choice evaluation processes. The process is 
contirn1aJ because shippers select a transportation strategy to meet customer needs and continually 
evaluate ~mer requirements which may lead to further changes in the shipping process. 
TS&W limits affect all cells in the shipper transportation decision-making process diagram. For 
exampl~ TS&W limits may effect a carrier's delivery schedule for customers with a time-definite 
production process. On the other hand, a shipper who bas opted to use private trucks may be less 
likely to purchase new equipment or to switch modes of transport that may be more cost-effective 
following a change in TS& W limits, given the substantial investment in their existing private truck 
fleet. This entire process may be noticeably different for a shipper that has outsourced their traffic 
management or is using for-hire carriers. 

(Step 1) 
Customer 
Requirements 

• Sizeof 
sbipmcDt 

• Information 
rcquirelDCDIS 

DRAFr 06/05/97 

FIGUREIV-3 
THE SHIPPER TRANSPORTATION DECISION MAKING PROCESS 
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STEP 1: CUSTOMER REQUIREMENTS 

A shipper deciding on a "go-to-market" strategy must tie its transportation decisions to customer 
requirements. A number of factors have had an impact on this part of the shipper decision 
process. For example, from 1950 to 1980 most inventory systems in the United States were 
"push" systems in which the shipper decided when to ship, where to ship, and what packaging to 
use. During the decade of the 1980s, the large mass merchants grew to maturity. A number of 
retailers grew very rapidly, and as they did, power shifted away from the shipper downstream to 
large upstream customers. The inventory systems. shifted from the classic "push" system to a 
"pull" system, in which the customer decided the size of shipment and when and where it would 
be delivered. 

Customer requirements today are multiw:eted, and increasingly more diverse. It is no longer 
satisfactory to simply provide quick transit time for most of the shipments. Customiud 
shipments-specialize packaging, shipment tracking, and progress reporting-is the rule for 
many customers. There is a growing use of "time-definite" shipment:s, meaning that the customer 
is not concerned with how long the shipment takes in transit but rather the exact time that it 
arrives. This, of course, allows the shipper and carrier greater latitude in designing their logistics 
network in that they are able to manage transit time in the most economical way, using a variety 
of transportation modes, providing they are able to deliver to the customer on a time-definite 
basis. 

The long-running debate over the relative importance of cost-versus-service quality continues 
today. There is no doubt that some freight-due to its low value and high density-is cost 
sensitive and, therefore, generally moves by rail, and generally by the lowest costing carrier. At 
the other end of the scale is a range of products that are service sensitive and, therefore, generally 
move by truck, not air. Howc:wer, in between price-sensitive and service-sensitive- freight are a 
range of goods that can move either by rail or truck depending on the service requirements, 
distance traveled, and total logistics costs to the shipper. 

STEP 2: SHIPPER NETWORK OPTIONS 

From 1950 to 1980 most firms buffered uncertainty with inventory. This approach involved a 
network of multiple distnl>ution centers and duplicate inventory throughout the United States and 
the world. Wrth costs decreasing and the capability ofinfonnation resources increasing in the 
1980s and 1990s, a significant shift took place in logistics architecture. Instead of nwltiple 
inventories, forward-thinking companies replaced physical inventories with information resources 
describing the location and arrival time of new shipments. There is also a trend toward logistics 
architecture which emphasizes product flow directly to the customer. In these types of systems, 
product flows from the end of the production line to the ultimate customer or user. If this is not 
possible, then a process of cross-docking or flow-through distnl>ution is adopted which keeps the 
goods moving with short delays for sorting and switching. 
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Recent improvements to material supply processes, such as m inventory practices where needed 
inputs are not stockpiled but arrive as needed, have supported the shift from traditional flows to 
"flow-through" systems. These changes, along with the enabling power of information, allowed 
the shipper to rethink network options in terms of efficiency and effectiveness. The resulting 
changes, which include everything from global sourcing to direct store delivery, have and will 
continue to shape future transportation network options. 

STEP 3: MODE CHOICE 

After defining the shipments' requirements a shipper must select a mode. Transportation choice 
used to focus on freight rates and inventory costs. Today, service variables (speed, reliability, and 
dependability) are more important than just low rates. 

A firm needs to choose between mamging its own shipping needs or outsourcing the 
transportation function. If the firm decides to manage its own shipping it may need to purchase, 
or lease, a trucking fleet. In the United States, private carriers cnmmand SL 52 percent share of 
interstate freight movements. 23 However. nationwide, transportation logistics executives are 
seeking the best mix of service quality options for their companies, which often leads to a 
combination of private fleet operation and outsourcing. Many third parties not only provide 
transportation but also logistics services. A single vendor manages the warehousing of a 
marnuacturer' s finished goods, transporting them to retailers, and tying together the process with 
information systems. These parties often combine multiple carriers and modes, taking fWl 
advantage of TS&W limits and other factors. 

A shipping firm may choose to use a third party for its transportation needs for several reasons. 
For example, using a third-party logistics provider can support a shipper's overall strategy by 
allowing it to concentrate on its core competency (such a.~ manufacturing) rather than on 
transporting freight. In addition, logistics providers may offer better services at lower prices by 
speciatizing in transportation and developing superior expertise. Other reasons for choosing 
contract logistics include avoiding labor problems, removing/keeping assets off balance sheets, 
and ensuring more flexil>ility than available with private operations. However, some shippers may 
choose not to outsource thereby retaining control of freight operations or avoiding dependencies 
on outside firms. 

STEP 4: CARRIER CHOICE 

Factors motivating a decision to use an outside carrier or third-party logistics provider cannot be 
generalized. As a result, shippers find that a detailed analysis on a case-by-case basis is usually 
the best decision-making approach. Initially, the shipper must question if there is a better way to 
obtain necessary freight transportation services. To address this question, the shipper identifies 
alternative methods, including transportation modes and carriers, and gathers service and cost 
data to evaluate the alternatives. Relevant data includes freight rates; reliability; transit time;· over, 

23 Source: National Private Truck Council and tbc American Trucking .Associatioos. Inc. 
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short, and damaged shipments; shipper market considerations (mcluding customer service, user 
satisfaction, market competitiveness, and market influences); and carrier considerations (such· as 
transport modes and equipment). Usually performance and quality requirements must be satisfied 
before rates. 

STEP 5: PERFORMANCE EVALUATION 

The next step is an ongoing performance evaluation for the mode and carrier choice. This is a 
dynamic and complex process often involving an analysis of multiple modes and carriers. Most 
firms treat the performance evaluation phase of the selection process as a quality process. Both 
the shipper and the customer have quality expectations which are expressed in terms of specific 
metrics. Carriers are usually evaluated on several variables including service quality consistency, 
on-time pickup and delivecy perfonnance, customer complaints. claims experience, prompt 
shipment tracing, and prices. 

Depending upon the relationship between shipper and carrier, the carrier is usually offered an 
opportunity to correct a variance from shipper or customer expectations. Continued variance can 
lead to shipper actions ranging from a reduction in the proportion of freight handled by any given 
mode or carrier to switching carriers completely. Because this is not an unusual action, the carrier 
evaluation process usually includes the identification of other qualified carriers. 

STEP 6: MODE AND CARRIER SWITCHING BEHAVIOR 

At some point, a shipper may decide to switch carriers. However, switching carriers may be a 
high cost action. Switching costs include speciaU:red assets acquired by the carrier for the 
shipper, shared infonnation systems, and long-tam contracts. A carrier may increase potential 
switching costs by creating proprietary infonnation systems and using dedicated assets. The 
shipper can decrease these costs by using more than one carrier and using its own accounting/ 
information systems in addition to that of the third party. 

The shipper decision process is continuous. After completing the performance evaluation and 
making any mode or carrier changes, the shipper evaluates its customers' requirements, which 
repeats the process. 

SHIPPER ISSUES AND TRUCK SIZE AND WEIGHT POLICY 

Shipper and carrier transportation decisions are not made in a vacuum and vary considerably 
between and within different industries. Transportation costs are one component of total logistics 
costs, and these costs vary significantly by industry- and company-specific situations. In addition, 
the number of transportation options available and differences in TS&W limits further complicate 
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quantitative assessment. However, a number of conclusions may be drawn regarding shipper and 
carrier considerations and TS&W limits. These conclusions are based on a review of relevant 
transp0rtation literature, four regional shipper focus group meetings, direct interviews with 
shippers and carriers, detailed case studies of freight movements in six major corridors, 
investigations into selected commodities, and other data collection activities. Table IV-4, Shipper 
and Carrier Considerations Regarding TS&W Policy, summarizes these conclusions. 

Shippers will respond in different ways to changes in a TS&W policy. In general, shippers and 
a-rriers who typically fill up the cubic capacity of trailers, before reaching truck weight limits will 
utilize size increases but not increased weight limits. Similarly, shippers and carriers that typically 
have heavy freight will benefit from increases in truck weight, but not si7.e limits. Many other 
factors often dictate the mode for freight travel, including time sensitivity, product value and 
density, non-transportation logistics costs, &cility and capacity constraints, and cost and 
availability of transportation alternatives. Each of these combine in a unique way whicb 
complicates accurate freight forecasting of nationwide impacts ofTS&W policy changes. 
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TABLE IV◄ 
SHIPPER AND CARRIER CONSIDERATIONS REGARDING TS&W POLICY 

Shippers cmsider total logistic., systems costs, md will optima.e tbc:ir opcntiom to existing TS& W policies 
and respond to my TS&W policy cliangcs. 

Shippers prd'a- simplified sapp]y cbaim. whicll will increase the me oftbird party logistics firms and global 
aJ!ilDCeS hetw,:cn shippers and carriers. Some 1nmspartation modes are intqratcd. and further iDtcgration 
is lilcdy. 

Tl'IIDSpCX'tatio safety ii impmbd to lbippen. Safety C1111D0t be c:c:u,paw.iwf by TS&W cbangea • 

In gmcra1. more hbcnl and mere unifcxm TS&W limits would improve sbippcr productivity. The amount 

of improwmcnt is dq,c:ndent oo unique cbaractcristics for each freight shi1+1wm ~ cusnncr·~ nccd.1. 

Service md quality coosidcratioos arc a prc:n:quisite to mode IClcctico. Rail is the least c::xpc:nsivc mode, 
but transit time and scnicc c:aosistency limit its use. Rail-truck mtc:rmodal aervices help to bridge the 
transit time/service quality gap. 

This research suggests that the tremendous changes of the last 15 yean in the freight 
transportation industry are likely to continue into the next century. The contirn•ing trends are 
intermodal service, third party logistics providers, shipper/carrier alliances, technology 
applications, and the use of contracted and preferred carriers. Each of these affect how freight is 
transported, and many create obstacles to carrier-and mode-switching behavior. For example, 
more shippers and carriers are developing integrated shipment-tracking systems to monitor 
product inventoiy. Once these information systems are installed and linked between shippers and 
carriers, changing c-.arriers or modes would require an additional inve:ment to develop new 
information sources and integrate them into shippers' logistics systems. TS&W regulations are an 
important aspect. but certainly not the only factor, in how freight is shipped. Even without 
changes in TS& W policies, shippers will continue to operate in a changing freight transportation 
environment and will optimize shipments within existing TS&W policies. 

There is a consensus in the shipper and carrier communities that safety is a high priority and any 
changes to TS&W limits have to at least maintain, if not improve, public safety. Shippers said 
that they were concerned for safety for several reasons, including good community cit:iz.enship, 
protection of the public and freight from hann, and minimization of costs. Several shippers said 
that preservation of safety justified a Federal role in TS&W regulation to ensure that nationwide 
protections are in place. Shippers at the group meetings felt that the Federal Government should 
not delegate TS&W policy and the corresponding safety responsibility entirely to the States. 

In general, shippers and motor carriers believe that higher or more uniform TS&W limits would 
increase productivity. The degree of improvement depends on a number of unique factors which 
vary for each individual freight movement. However, some shippers felt that higher limits would 
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not improve productivity. For example, many shippers &cc facility constraints, such as older 
warehouses, which are not large enough to acoommodate longer trailers or longer combination 
vehicles (LCVs). Another limitation may be insufficient warehouse space to accommodate larger, 
less frequent, ~tities of freight deliveries. 

FACTORS AFFECTING SHIPPER MODE CHOICE2A 

Shippers and carriers believe that few commodities are competitive between truck and rail service. 
However, transportation modes are interrelated and impact each other. Many factors influence 
the decision between truck and rail shipments, including service quality consistency, transit time, 
cost, complexity of supply chain, truck driver availability, union agreemems, and other factors. 
The present research supports the contention that service quality issues are as important as cost 
issues for most freight shipments. 

TRANSIT TIME 

Companies recogni7.e that time is a critical variable that can determine success in the marketplace. 
In the past, firms attempted to reduce the lead time required to introduce new products, 
controlling factors related to product design and manufacturing. In recent years, efforts to 
compress time have broadened to include other areas. particularly distribution activities. 
Transportation is an increasingly important component of the new "quick-response" logistics 
systems. Among the modes, motor carriers have traditionally held the competitive advantage in 
terms of speed of service relative to cost. ~. as companies continue efforts to reduce 
inventory and lead times, products for which air is competitive with truck may expand. 

SERVICE QUALITY 

Recent trends to improve overall quality, particularly through total quality management (TQM) 
initiatives, have been extended to include distribution programs. Shipper demands related to 
transportation service levels, especially consistency, have become more intense. Companies 
recognize that transportation is a visible and important part of their relationship with the 
consumer. 

Carriers have responded to expectations for time sensitive, high quality and responsive service by 
providing deliveries and pickups to meet increasingly narrow timeframes. The trucking industry 

2,4 Toe material in this section is based on Coyle.~ 
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is, at present, considered most conducive to supplying this high level of service. However, other 
modes are becoming more competitive. Technological advances will contribute to further 
improvements. 

ASSET PRODUCTIVITY 

As companies seek ways to improve on asset productivity, investments in fixed facilities such as 
warehouses and private carrier trucking fleets are being closely scrutinized. There is a definite 
trend toward lowering private warehousing requirements either by reducing inventory and/or 
increased reliance on public warehousing. Further, many larger companies are also reducing their 
use of private motor carrier operations. 

CARRIER USE 

The ways in whic;h shippers interact with carriers are changing as shippers attempt to leverage 
their transportation buying power especially through reducing the number of carriers they contract 
with. These practices reflect deregulation as well as the increased emphasis on IlT practices. 
Shippers and carriers are forging partnerships consistent with requirements for lower rates and 
enhanced efficiency. 

CUSTOMER SATISFACTION 

As indicated earlier. companies are emphasizing their relationship with the consumer. They are 
looking for ways to improve customer satisfaction and are traclcing transportation related 
statistics such as delivery times and satisfaction in orders received (e.g .• loss and damage 
considerations). Transportation companies are recogniz.ed as an integral component of efforts to 
.;hieve high levels of customer satisfaction. Frequently, shippers and carriers are even sW11ing 
data as they build "win-win" partnerships. 
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CONTINUING TRENDS IN SHIPPER DECISION-MAKING 

Significant transportation changes in the logistics fimctions of shippers over the last 15 years have 
reduced transportation costs in many industries. It appears that many changes, such as increased 
time-definite freight shipments, reduced overall transit times, and closer relationships in the supply 
chain will continue into the 21st century. This section presents the results of the Career-Patterns 
Survey2' participants, consisting of200 chief logistics executives of large, Fortune-100 United 
States firms. 

Quick movement of goods to market is a concern for shippers. This includes many shipper 
practices such as JIT, QR, and vendor-managed inventory, continuous replenishment and direct 
store delivery. The time from when an order for freight is placed and when it is received on the 
customers dock, has fallen sharply in recent years, and the trend is expected to continue. 
Figure IV-4 shows that in 1994, average order time was over five days; it is expected to be less than 
three days by the year 2000. Similarly, the time freight actna11y spent in transit bas decreased, from 
57 hours in 1994 to 50 hours in 1996 and is projected to decline to 42 hours in 2000. 
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FIGUREIV~ 
FREIGHT ORDER AND TRANSIT TIMES 
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25 From presentation of Bernard J. LaLonde and James M Masters, Ohio State University Career Pattems-1996 at 
Council of Logistics Management Confc:rcncc:. Respondc:Dts were asked to provide actual company data for 1994 and 
1996 and estimate changes for 1998 through 2000. Respondents rcpresc:nted a mixed group of large firms, including 
the food products, chemicals, electronics, pbarmaccutical, and automotive industries. 
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There has been a clear trend among shippers to~d the development of strong, long-term 
relationships with several preferred carriers. As illustrated in Figure IV-5 the average number of 
transportation carriers (excluding overnight/express deliveries) is expected to drop dramatically 
between 1994 and 2000. As contractual relationships develop, it is consistent that firms will do 
more business with fewer carriers and continue to "rationalize their carrier base." The practice of 
shippers doing business with fewer carriers and contimially ratinnaJizing their carrier base allows 
for greater learning on both sides of the partnership and prec;iunahly more efficient transportation 
results. 

FIGUREIV-1 
AVERAGE NUMBER OF CARRIERS USED REGULARLY BY SHIPPERS 
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Communications technology will probably have the single most important impact on the 
transportation industry through EDJ2' usage. As indicated in Figure IV-6, a three-fold increase in 
the percent of shipments using EDI is anticipated between 1996 and 2000, with six of ten 
shipments being initiated and tracked using EDI capability. The flip side of the data would seem 
to suggest that carriers who are not able to "match up" with the shipper and the downstream 

26 Traditional cnmmunicatioos systems. such as mail and telex. arc quickly being replaced with systems such as 
fACmDi}~ (faxes) and EDI. Tbcsc changes arc occurring in communication and information systems between 
camc:rs. shippers and ancillary services as well as within the opc:rations of those entities. (lniermodal Fnighl 
Transportation, 3rd edition, Gerhardt Muller, 1995) 
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customer would be considered less competitive by an increasing number of shippers. It is 
interesting to note that the same profile emerges for vendors and customers, indicating that the 
vendor, customer, and third parties will be part of a rapidly expanding EDI or electronic 
·commerce network. 

FIGUREIV-6 
PERCENT OF SHIPMENTS USING EDI 
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The indicators just highlighted suggest continued increases in transportation efficiency. The data 
suggest that creative solutions to lowering transportation costs and providing higher service 
capability to the customers will continue into the 21st century. Further, the data suggest that 
consumers will have increasing service requirements. 
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MODALLY COMPETITIVE AND NON-COMPEITTIVE FREIGHT 
COMMODITIES 

To understand why different modes are competitive for transporting various commodities, one 
should understand how freight generally moves in this country. Local and regional transportation 
are important segments of the Nation's commerce, as reflected in the distribution of freight 
shipments by distance. About 30 percent of the value and 56 percent of the commodity tonnage 
are shipped between places less than 50 miles apart. This is highlighted in Figure IV-7. 

RGUREfV-7 
TOTAL 1993 FREIGHT VALUE, TONS, AND TON-MILES BY DISTANCE OF HAUL 
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Given that over half of all freight, by weight, is transported less than 50 miles, it is not surprising 
that trucks are the dominant mode of freight transportation. This is because the other modes face 
considerable competitive difficulties hauling freight short distances. About two-thirds of all 
freight moved in the United States, measured in gross tons, is moved by truck, with rail moving 
about 16 percent of all freight tonnage. However, rail shipments typically travel much farther 
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distances-nearly twice as far as the average truck shipment. Consequently, rail accounts for the 
highest proportion of total ton miles of freight transportation-almost 39 percent of all freight ton 
miles, with trucks accounting for over 36 percent.27 

Table IV-8 shows the distribution of the total freight movements in the United States, measured 
in dollar value, tons and ton-miles. for each mode: truclc, air, rail, water, pipeline, multimodal 
(combination of two or more modes), and other (mode not specified). 

TABLEIV-5 
1993 UNITED STATES SHIPMENT CHARACTERISTICS BY TRANSPORTATION MODE 

Tnm' 4,966,ffl 112,.617 362 

Air S,200 139 1,JIO 

111111 241,394 942.561 ~ 

Wan- 64Jm 2'71"1 1,744 

ftp6r 19,149 

M-tl • I 230,346 1'2,374 1,049 

oc.s, 242,691 96.ffl il9 

Taal' S,146,33,4 r.,,~ 2,420,915 424 

1 IDl:ludeamailad,-clll..-viaa. -a.--JmOarmtlimlaaitol-
•Elldladm..-C·· ,..,.•olcndsoil. 
• S--dllaaaybcim:ludlldin1belatal, llutiaadiulWa-t....w .... -. u:to~publ;hing ...... 

Scu'CZ: 1993 C,mno4itylilowSmwyfar1beUailedlllla(e.wollbe C::..) 

COMPETITIVE AND NON-COMPETITIVE COMMODmES IDENTIRED IN FREIGHT 
DATABASES 

One approach to the truck and rail competition issue is to examine the traffic lanes (by miles) and 
their density (by tons) by selected/popular vehicle equipment or by value. Five factors, which 
bear on the service and total cost profile involved in modal selection, are examined in detail: 

'Z7 These numbers arc from the Commodity Flow Survey which docs not include imports. a greater percentage of which 
is moved by rail. but comparable data is not available. 
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• Mileage - bears directly on transport 20st; 

• Product Value - factor in logistics cost and influences service requirements; 

• Product Density - affects loading characteristics and thus transport cost; 

• Lane Density - affects operating cost and service levels, especially in rail; and 

• Equipment - incorporates multiple characteristics influencing service and cost. 

Data that highlights truck-dominated freight, rail-domimted freight, and modally competitive 
freight is summarized in Tables IV-6 through IV-11. In general, shorter trip lengths with lower 
lane densities are dominated by trucks. while longer trip lengths with higher lane densities are 
dominated by rail Lower value products that must travel longer distances are domjnafed by rail, 
whereas higher value products traveling shorter distances are dominated by truck. 

TABLE IV-& 
FREIGHT MODAL SHIPMENTS 

BYDISTANCEANDPRODUCTDENSITY 
(thousands of 19M tons) 

.:::-:::. '.::.'•.•.:.:.•. '.:.•.:.'./., .•. : .•. ' .•.•. '.'.:_·•.: ... ' .•. : ..•.•. ::.:. :,•=.=.•.·,.i,=.••.·.=.'.·••,••~ .==,=,,,.:,;_·.•,:,•,',',:.•,· .,,::: :•·· .·. ••::•.: •::.·•:•:• :•. :•:•: :•:• •.•: ·• ·.•:-.:•:• :,:,.,:,:,:; .-:-·=:•:•:•:•.':•: .•:•.•:•:•:w:':•:•.•. . . . . . . . . . . . . . . . . . :•:•.':•:•:':'/.':c•::: ...• , .•.. : •. : •:•: :• ; ; .. : ..•. · .. :_- :.: : :• •. ··• :•:• . : . .. · .. ....-.•:• 
:.-. •.,,.: .•: .·. { ~ t p:=unt =t f?i~ }l{ . TRV(~/? •t•llAW·''/ :••>).U,tt: ~ q ti:JWLi}) 

<109 521,941 502,670 19,%71 500,.523 3«>,327 160,19, 111,047 170,.53, 17,.512 

180-280 211.292 111,139 23,153 395,492 212,498 112,99, 150,750 139,194 10,a.s, 

201.JIO 131,161 114,751 22.110 246,030 13,,119 110,141 96,ffl 13,574 13,291 

301-511 121.622 104,135 23,117 290,416 133,151 157,327 124,266 103,973 20,294 

!11-780 73,.564 54,966 11,599 139,237 62.136 77,101 16,086 64,739 21,347 

791-1000 61.316 31,400 22.916 205,.522 ,,.0,1 150,470 92,144 63:,17 21,1"7 

1001-1500 36,261 16,494 19,774 172.123 45,910 126,213 51,605 40,938 17,667 

>1500 26.326 14,656 11,670 46,674 24,608 22.066 53,719 30,951 22,761 

TOTAL 1,191,261 1,034,117 161,450 1,996,016 1,079.S77 916.509 l.50,489 691,591 151.199 

DRAFT 06/05/97 IV-27 1997 U.S. DOT Comprehensive TS& W Study 



ct• 
11G-JIO 

211.JIO 

ltl-500 

511-'NII 

711-ION 

lttl-1511 

>158' 

TOTAL 

<1N 

501-781 

701-1800 

1801-1580 

>1580 

TOTAL 

<100 

100-200 

lDl-300 

301-500 

501-700 

781-ltol 

1001-1500 

>1500 

TOI'AL 

TABLEfV-7 
FREIGHT MODAL SHIPMENTS 

BY DISTANCE, PRODUCT VALUE, ANO PRODUCT DENSITY 
TRUCK (shaded columns) and RAIL (in thousands of 1914 tons) 

PRODUCI' DENBITY: >'8 POUND&'CUBIC POOT 

MIMt. 
~ 4 
:tm.w 

2.194 ~-~ i 2,112 ~; ,;~:;;;:;.. 10.077 .. , .... , .... . ·w.• 4,117 ::~.-:::>:'.'.::: 2 

10,497 =m.RfJ. 2,2,~ '~· ,' ', ' a.,11 ~- !·:~ ■1-ii1-11:-:·:1-:--1-_.:r1~---~ 
7,034 \p_;:;_:· .. ·. :.··._:·_·,::_· : __ ·;~_ ....,. , ............... ,-,.. 11.(117 ...... ,, ....,JIJI 58 

.... • •• -~ • ,.,, .......... ❖.•:-.W . . . . . .......... -:-.. ~. :<«. ,.., .. ❖~,❖.❖:-. =•­:'~?l-t: 
~: 
Mfi.lllU 

,.m :: ·· .. : ... : ............. 
4,393 ¥1Jffl ., 
4,144 ::~_ ... ::· . :.-~: .. ;: . 

3•197 %.f.1181 

2,.555 ...... ,,.".',".' :;;: 
.................. : . ..:. 

1,324 :<~ : 

935 NW.~ 115 4,150 ~t 303 

40,116 -- 11,712 31,340 ( _ .. ,·,,. ,.,';, 1.171 

PRODUCI' DENSITY: ~ POlJND&'C'UBIC POOT 

'/iiunf 1-46.5') JJ~ ~ ,.,,1 _;,,.:.: .. :::::::::A 3,330 :~ i: 119 =:.~::=:::t: 
l~~ 93.546 w,~ @ 10,211 

%WI.it. 128,032 ;~~,.-~ 1,.as2 

1:l!JM} 120,777 ~~1 
Wt.QM\ 107,126 13.lliBi 

13,168 

10,071 
%1#• & 
ti~W'.4 

;~~:~ :(~ 
.. ..•.. -,.. ....... ~ .. 

5,971 

lG.317 

:::;;,;.:.~$ 
~:·· ··· ............ . .., ........ 

13,504 ::z.::::===:.::.:] 
6,614 w-.-1 

314 ~Wmtf. 
6G1 ~ f. 

1,131 --{ 

2,1191 f.¥1.• t: 

PRODUCI' DENSITY: 1-35 POUND&CUBIC FOOT 

NIA 

NIA 
NIA 

NIA 
NIA 

NIA 

NIA 
NIA 

NIA 

@~ i 
%%1'pAf 

9,665 l@t1Mt 
'.547 :T·: .. \ .... / i 

2.173 aiim:.:· 

.c,ua BIMt.l 
3,270 t~ t 

3,.c32 M~ t 

M12 ;m.-;~ 
3,773 t--f:l 

133 

l20 

2,057 

952 

3,172 

a.m 
a.,41 

,.m 
1,393 

43,425 

222 

1,679 

2,071 

13,3'2 

1,750 

11,0ll 

7,516 

38,062 

19,750 
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<1110 

180-280 

211-300 

TABL,EIV-8 
FREIGHT MODAL SHARES 

BY DISTANCE. PRODUCT VALUE, AND PRODUCT DENSITY 
TRUCK/RAIL RATIO (shaded cellPcompetitive) 

PRODUCT DENSITY: > fO POUND&'CIJBIC FOOT 

99/1 96/4 12111 75125 100,1) 

90/iO 'J3IT 13/17 17/13 99/1 

90/10 17/13 14116 99/1 

301-580 17/13 15/15 61132 72121 '¥7'3 

99/1 

961<4 

16/14 

IS/JS 

PRODUCT DENSITY: ~ P01JND&ICUBIC FOOT 

<100 19/11 99/1 9112 

11/19 17/13 99/1 

99/1 

301-!00 31169 97'3 ,,,, 
501-'700 32/61 19/11 97/3 

701-1000 11.119 16/14 9416 

1001-1500 12111 11/19 97'3 

>1500 74126 13/17 

PRODUCT DENSITY: 1-35 POUNDS/CUBIC FOOT 

<100 79121 95/5 97/3 0% 

100-200 11/12 90/10 94/6 9112 2" 

201-300 13/17 12/11 9119 17/13 2% 

301-!IO 74'26 12/11 90/10 17/13 15'-

501-'700 71.122 10% 

701-1000 77!'1.3 20% 

1001-1500 79/21 8% 

>1500 19/111 61132 4:29/4 
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TABLEIV-9 
MODAL FREIGHT SHIPMENTS 

BY DISTANCE. LANE DENSrTY, AND EQUIPMENT GROUP 
TRUCK/RAIL RATIO (shaded cells -competitive) 

i-~~==;:=-~=;=: 
<110 

511-'711 

ffl-1000 

1001-1518 

>I.SIi 

<IN 

HO-JIO 

JOl-580 

5111-780 

701-1000 

llOl-1500 

>1581 

<IIO 

II0-280 

JOl-500 

DRAFT 06/05/97 

EQ(JIPMENT<LASS; aUUCB 

1111, :::: .. ,~,--~ .,,,~;~.,,~;* ~,o-:_-::·.·_;· :;._:":, ... :: ... ~dP.P£~1 IM 

75115 •~-. - - ~ - nm 3/f7 
12121 ;*-:':;;:;_. ~k~ l8.t~• -· 1M1 ..w 

$;i'.f~t'mtF'-i>;,::· ·: ,,··-~ .. ~. ~ ·,', ::;ts,W' ''f$Ml!B;#1m' %fft$faiiaW'ii l&C 

EQUIPMENTCLAIS: DRYVAN 

"'4 f'J/7 

'211 '211 

17/13 "'14 

17/JJ 12111 7"24 

TJf%7 8131 

1IO,tl 

17/13 fGlle 

1111, 

13117 71/2f 
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TABLE IV-10 
MODALFRBGHTSHIPMENTS 

BY DISTANCE, LANE DENSITY, AND EQUIPMENT GROUP 
Truck (shaded columns) and Rail 

101-1• N@AV:1 1.27• &i,_t ,.131 :@~-~ W4' @ta.tt: 11.•11 J~t 113,141 

1111-1580 HWRl, 1.305 WMfi4.tt 5,D24 ;,;::;::::: -.:~. :._::,_: l.ffl t>:~'.":i:. 11,715 f:'tMM!. 102Ml 

<108 

100.llO 

201.JIO 

391-500 

501-'780 

701-1-

1001-1580 

>1500 

Tecal 

<180 

201-300 

301-SOO 

501-700 

701-1-

1801-1500 

>1500 

Teal 

¥~ 
:f~ ~ 

Soun:z: Recbie .. 6-nrietn 
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EQUIPMENT CLASS: DRY VAN 

12,612 

9,022 

131 'i.~ f 5J»7 1~i 13,995 ';'~~_:::~::::; 11,071 1@j~jftfy" 4,326 . 

13,ffl 

◄:rn 

1.771 ,i;~¾ 6,996 ::y=--na.• r 1,.m ==r:~:==:=:: :.:::.::- 13,637 :0~ 
1,144 :rn·n.;wi 6.309 m~t 10.011 i@Ji#.!t 7M7 uw~1 

EQUIPMENT CLASS: FLATBED 

11, w~r 
,.111 W#~f 6,337 

3,469 :w:>gr 3,309 

32.667 \~ k 49,077 
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TABtEIV-11 
MODAL FREIGHT SHIPMENTS 

BY DISTANCE. LANE DENSITY, AND EQUIPMENT GROUP 

<IN 617,571 463,ffl 1'3,512 33" ..,,. 17% '15% 

lt1-2t8 302,924 IM,074 lOU,l 1"' ~ ~ 64% 

211-3411 226,730 116,663 110.0'7 ~ ~ ~ 51% 

Jll-511 2'1,l,42 103,139 1'5,10◄ l"" 1°" 17% -!01-7'0 11''75 43"8 7''76 6"' "" "' 37% 

ffl-1111 112,127 33.052 1◄9,775 l°" 3" 17% 11% 

IIOl-l!OI 1,0,ffl 21,2◄1 129,65◄ "' 2" 14" 14" 

>150t 27,◄66 10,995 16,471 1% 1% 2" ,40% 

TOTAL 1,116,ffi 917,1'1 199,479 100% 100% 100% 52" 

EQUIPMENT CLASS: DRY VAN 

<IIO 32◄,607 308,◄67 16,139 2-4% 21% 6"' "" Jl1-2t8 243,571 224,641 19,(112 11% ~ '7% 92% 

201~ l◄◄,611 12',6,41 1',327 11% 11% '7% 17% 

311-MI 1'4,611 154,233 40,◄◄1 1◄% 1◄% 15% '79% 

!01-7'0 131,308 'J7,(J71 35,230 l°" "' 13" '73% 

,-1.1000 139,◄◄I 17,5111 51,◄60 l°" "' 19" 63" 

IOIJ-1518 ,o,171 Q),535 30,336 '7% 6"' 11% 61" 

>l!OI 103,122 42,114 60,938 1% ..,. 22% 41% 

TOTAL 1,373,590 1,100.629 272.'60 100% 100% 100% '°'4 

EQUIPMENT a.ASS: J'LlTBED 

<IN 'JZT~YJ 202,171 2',711 35%. 31% 22% .,,_ 
111-2t8 173,113 152,IOO 20,313 27% 21% 11% 11% 

201~ 13,065 67:,34 1',131 13" 13% 13" 12% 

JOl-518 71.430 '7,256 14,173 11% 11% 12" '°'4 

!01-7'0 32,173 22,991 9,175 5% ..,. 
"' 70% 

701-1000 30,366 17,923 12,4◄◄ 5% 3"' 11% '"' 1001-l!OI 1,~,.. 1,235 7,718 2% 2" 7% 52% 

>1!00 16,811 7,343 9,468 3" l"' 1% """ TOTAL 651,570 536,659 114,911 100% 100% 100% 12% 

Souloe: Recllie AllociSS• 
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INSIGHTS FROM THE CORRIDOR AND COMMODITY CASE STUDIES 

The TS&W Study includes a number of case studies reflecting selected commodities, regional 
freight movements, and major traffic corridor movements. The purpose of the case studies is to 
provide specific insight and first-hand knowledge of how freight is moved and the decision­
making considerations by a variety of freight players: shippers, carriers, third parties, and 
regulators. Table IV-12 highlights insights regarding modal competitiveness or laclc of 
competitiveness from the case studies. 

Repmalm:i&li' 

MljcrTn& 
Ccnidan 

TABLEIV-12 
INSIGHTS ON MODAL COMPETITIVENESS FROM CASE STUDIES 

(See Chapter 3 for details) 

.[ Almglbe---t.W SlalmlCwdiaabonlcr, INdm~--- I -ityopcmias 
aw ao,ooo,__.,_wilidewaglil. n..e---..-.uo-s t,yc-dimi.....t111e 
bonlcrSIIICI' ••Jatims C-oaafiaun&m iaciude11rr.aicndanwith1iir-»ellmllilrail,n. 

.[ la 1be ..a.a...., LCVa are aaly .uc-dto aplrW cm a fiM.......,_ 0a 1llae limiled num. LCVaare 
a..il partiantaall11d'ic, IIUlLCV1rip11mdto be laapr-11111iawragi=-U:V1nldttripa. 

I Srmc 1n& oarridan .w pxl nil-il&mmodll mwz, Ji::r mmplelbe OiceF SttOh nd ~ 
Anplcacarridar. 

.[ Jtail.illlmnodalmalowa>lliareiac6a'n& ...._ illdlldiagMidlipD-Floria~75 carridar) 
aadMim~Odew(M . ·n• RMrcarridar). 

.[ SbippasaadcarricnfreqaaldyCPlhlrrm1beireqi•ipmne ">takc~af'TS&W limill wilbia their 
i liatc region (n:iudili pamiaed openf •). 

PERSPECTIVES FROM THE TRUCK SIZE AND WEIGHT STUDY DOCKET 
COMMENTS 

Thousands of comments to the docket were received in response to three separate notices placed 
in the Federal &iister concerning this study. One of the many purposes of a docket is to gather 
insights and points of view from a variety of sources. The major docket comments on modal 
competitiveness are SUII1l1l8ri7.ed in Table IV-13. 
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TABLEIV-13 
PERSPECTIVES ON MODAL COMPETITNENESS FROM TS&W DOCKET COMMENTS 

~ AB .• ,.. -. -, dili..twida1benilrwliadulfry. llid1111l~TSAW limill wauldlDwlr1111dtapaatiDsOIIIII, 
wllic:laWOllkJtblll~hilbt11dicmmtrail1Dtnd:afilrbtglillu11raa1pan. 'Dlildiwnimwauld .-1beOOllaf'1be 
-iaiarnilopclliaai Mlimwauld leadtoe-.Jiirdia'a-ofnil .. ·, • -~--•l:af◄iwlilippln. 

s-maearrmiarwl.._.__,_ :· saw claimedtllllhipldiwaioa -wm-.11111..-dlllra.1,.; •• 
caald1111t pcaibly--, .___1benil iadulfryJm-. mdlwlycuwpditi..e (_.- rid II d~lipifimd =:upoiGWD i.& 
--.-aaY 11111 niilbility illl.-:,ws). Far Cllmllpk. rmim oaakl- lllilylltilizc nil ir■bippiac P4fflDOdl1 ... ,.,.., if 
1nldm-alile1Dlcpllycany .... -◄---... farnyapaplnliw. 

s.v.al.....,_ • · -...,_dllldief...aGoua d""'louldlllltlle .wd._tlllw-.oniaeofi:liptmalllilto 
1rwk-imtfarw--Ualllhrm,ilc1be.-.. i■ baltmillatirwilhipt.....-. 

RECENT TRENDS IN MODAL COMPETITION 

During the past 15 years, there have been tremendous changes in the transportation of freight in 
the United States. Although all modes of freight transportation have been affected, significant 
changes have occurred in truck and rail freight transportation. Truck and rail changes have been 
national and international in nature, with some structural and some operational changes. The 
consequences of deregulation of the truck, ·rail, and air transportation industries include: (I) 
blurring the line between separate types of trucking, such as TL, LTL, and parcel services; (2) 
reorgani:,atit"jn of the rail freight industry with improved financial performance and concentration 
among the Class 1 railroads, and the proliferation of short rail lines; and (3) the restructuring of 
air freight systems in favor of integrated operations. Much of the diQQ•ssion and analysis in the 
balance of this chapter bas been excerpted from a background report and analysis prepared for 
this CTS&W Study by DRI/McGraw-Hill, including a forecasting modd for freight and modal 
shares. It was prepared in 1996 and bas not been updated. It is intended to provide general 
background on freight trends as of that date. 

RAIL INDUSTRY TRENDS 

In 1995, Class I railroads turned-in their best performance in recent history. Indeed, excluding 
grain and coal; the 6.8 percent rise in primary rail tonnage surpassed the rise in manufacturing 
output (excluding computers and semiconductors). This is a turnaround from the 1980s, when 
railroads lost modal share in terms of freight tons handled. However, in terms of ton-miles, the 
railroads had a turnaround in the 1980s and the industry bas continued to gain mode share since 
that time. 

Rail freight is projected to post steady gains into the next century; however, there could be 
varying degrees of growth in the three primary rail sectors-bulk freight, general freight, and · 
intermodal shipments. Moreover, growth should differ according to the railroad class, with non-
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Class I railroads enjoying most of the growth. !n all, total rail shipments are expected to rise . 
slightly from 16 percent of domestic primary shipments (tons) in 1994 to 16. 4 percent in 2000. 

The majority (about two-thirds) of rail shipments are bulk commodities. These are expected to 
grow an average of2.1 percent anrwally from 1994 to 2000 (see Table IV-14). In Class I primary 
tonnage growth through 2000, nonmetallic minerals, coal, petroleum products, and crude 
petroleum are expected to rank among the lower growth commodities, averaging O .5-1.5 percent 
anrnial gains. Faster growth in manufacturing commodities (e.g., transportation equi~ 
printed matter, and non-elertrical macmnery) is projected to spur general freight somewhat faster. 
General freight, which constitutes a smaller share of rail traffic, is anticipated to grow 2.2 pcn:cm 
per year through 2000. 

Taal 

TABLEIV-14 
RAIL SHIPMENTS BY MAJOR COMMODrTY GROUPING 

(MIWONS OF TONS) 

,30.7 610.7 

1.614.3 1.136.4 

Class I railroads, which originate about 75 percent of total volume of rail shipments, are projected 
to grow 1.8 percent per year between 1994 to 2000. Non-Class I railroads are expected io 
continue to grow in importance through a focus on spe,cialiud niche markets where they are 
extremely aggressive in marketing their services and capturing freight. Shipments handled by 
non-Class I railroads are forecast to grow at a significantly higher rate--6.1 percent per year. 
Non-Class I railroads carry significant volumes of only a few specializP.d commodities: metallic 
ores is among the fastest-growing ( ex:cept for pulp). 

The 1990s are shaping up as a transitional period for railroads-from the traffic losses of the 
1980s to rising tonnage and improving industry fundamentals, which should make for stable 
growth in the future. Furthermore, this is projected to be accomplished with only a slight increase 
in the size of the rail fleet, as railroads continue to make equipment improvements and 
productivity gains, holding down rail costs. 

The future is, however not certain. Unsettled labor negotiations, competition from other modes, 
and the difficulty of railroads to achieve a return-on-investment equal to the industry cost of 
capital are potential risks. On the other hand, the opening up of Mexico, the strong outlook for 
global trade, faster-than-expected cost and productivity improvements, and strong projected 
growth in intermodal traffic all argue for a healthy future. 
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TRENDS IN RAIL INTERMODAL FREIGHT28 

"Rail intermodal" refers to a broad range of services, the most common being: Trailer-On-Flat­
Car (TOFC) commonly referred to as "piggyback", Container-On-Flat-Car (COFC), Double­
Staclc Train (DST) and carless technologies such as the best known example, RoadRailer.29 

Figure IV-8 illustrates the services noted above. 

FIGUREIV-1 
RAIL ~DAL SERVICES IN USE 

~enArc 

nuum o 1111n1 m II m um 
CD : r ..,. mi Ras a• COflC 

In recent years railroads have responded to the increased emphasis on intermodal and past 
criticisms that rail intermodal service was slow, difficult to work with, and prone to damage. 
Establishment of separate intennodal train operations for the movement of traffic on dedicated 
intermodal trains has improved on-time pcrlormance and significantly reduced damage Railroads 

21 This discussion illustrates 1be complc:xity off<RC:Uting freight shares and the conslraincd role ofTS&W limits in 
influencing the distributicm of freight among modes. 

29 TOFC rc:fers to movanmt ofbigbwa:y trailers co rail flat.cars. COFC rc:fers w c:ootaioc:n moving oo flatcars wiihout 
chassis. DST refers to containers moving on equipment that can be loaded with ODI'! cxmainc:r placed on top of 
another in single cars, multiple platfonn cars or groups of such cars. and ~ technologies generally refers to 
equipment consisting of a highway semi-trailer with attached rail wheels oc I separate spcc:ially modified rail truck 
that can be placed on railroad tracks (Source: Jnzennodal FreighJ Tra,uportation, 1995 previously cited). 
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have increased the use of automated systems, improving billing and customer service. The use of 
new types of equipment, such as multiple platform articulated intermodal rail cars, has contributed 
to reduced loss and damage claims. Consequentfy, the rail intermodal business has grown rapidly 
and annual growth rates continue to increase. 30 

Over the next ten years, based on current TS&W limits, strong growth in rail intennodal traffic is 
projected.31 Intermodal volume is expected to rise an average 5.5 percent per year, through 2000. 
Recent years, particularly 1994, saw much higher growth; however, it occurred as a result of 
several factors that have since reversed; a surge in domestic economic growth, equipment and 
labor capacity problems in the trucking sector, movement ofLTL truck traffic to rail. and strong 
export traffic to Mexico. Railroads raised some intermodal rates just as significant truck 
equipment purchases were being delivered to motor carriers. The reduction in cross-border 
freight volumes resulting from the devaluation of the peso prompted some trucking capacity to re­
enter the domestic market. Rail intermodal growth was further dampened by deteriorating service 
levels, which caused some freight to shift back to truck. Finally, the trucking labor shortage, 
although somewhat eased during the economic soft landing, is likely to reemerge as economic 
expansion resumes. 

In large part, worries about equipment capacity constraints in rail intermodal have disappeared. 
Despite the rapid growth in 1994 (up 14 percent from 1993), the increased production by rail 
equipment manufacturers actually created a surplus of equipment. 32 

Although there are no long-term constraints to growth, short-term local capacity and terminal 
constraints exist . . As a result of mergers, some railroads are not in a financial position to invest in 
remedying the problem as wt as they would like to. They are being conservative about 
substantial capital expenditures and are waiting for the traffic before changing investment 
strategies. In the near future, this will dampen the growth of rail intermodal traffic on routes 
directly affected by line and terminal constraints. 

Table IV-15 presents a forecast for rail intermodal traffic volume, with a breakout of 
international, TL, L TI.., and empty rail car segments of the market. International container traffic 
is expected to grow at a strong 5. 4 percent per year. This growth will sustain the international 
share of total intermodal, accounting for around half of total intermodal tonnage. 

30 Summariz.cd from.lnurmodal Freighl Transportation, previously cited, page 47. 

31 ORI/McGraw-Hill and Rccbic Associates analysis for this CTS& W Study. 

32 The ORI analysis assumes availability of equipment will not be a limiting factor in the growth of rail 
int.crmodal during the forecast period. 
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TL 

LTL 

Total 

TABLE IV-15 
RAIL INTERMODAL TRAFFIC BY VOLUME 

(MIWON OF TONS) 

66.4 

7.3 11.2 

6.4 7.7 3.7% 

127.8 162.6 5.5% 

The L TL intermodal freight is forecast to grow by about 9 percent per year. A recent labor 
agreement allows carriers to send up to 28 percent of their shipments via intermodal. Because 
most carriers are currently utilizing intennodal traffic to a much smaller degree, the agreements 
yield significant room for growth in intermodal volumes. Although conservative estimates 
indicate that carriers will remain below the 28 percent ceiling, an increase is expected. This will 
raise LTL rail intermodal volumes from 7.3 million tons in 1994 to 11.2 million in 2000. Non­
union L TL carriers, especially the regional L TL carriers, were never subject to the ceiling so their 
use of rail intermodal may go higher. 

Use of rail intermodal by TL carriers is forecast to increase an average 4 percent per year. Many 
of the major TL carriers have already shifted to moving long haul TL shipments via rail 
intermodal. These TL carriers will not sustain their recent annual increases in rail intcnnodal that 
were partially caused by driver shortages and are currently being atteiwated by equipment 
surpluses. Still, the forecasts predict that TL use of rail intermodal will grow faster than the 
overall TL freight volume. 

MOTOR CARRIER INDUSTRY TRENDS 

Overall, trucking is expected to continue to e,cperience steady, if moderate, growth during the 
next decade. Bolstering profits, however, wiJl depend OD absorbing excess capacity and shoring 
up prices. Furthermore, traditional truck industry boundaries are changing, and intra-industry 
shifts are occurring. Indeed, about 10 percent of private truck tonnage will be transferred to the 
for-hire truck sector during the forecast period. 

Trucking remains by far the largest freight transportation mode, carrying two-thirds of the 
tonnage for all primary goods shipments. The importance of trucking is magnified even further 
when intermodal traffic, ground package, and air freight-a significant percentage of air freight 
actually travels by truck-are included. 
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The analysis below presents projections for truck freight through 2000 with separate forecasts for 
the private and for-hire segmenisll. Due to data availability, this discussion will emphasize 
primary manufactured goods shipments. Nonetheless, these findings should assist in the analysis 
of modal market shares. In addition, industry dynamics, equipment sales, revenue, and costs are 
discussed. 

THE RECENT PAST 

From 1993 and 1994 (the last available data), rapid growth in motor carriers occurred primarily 
in the area of ma,mfactured shipments. It climbed 6.2 percent in 1993, to 2,558 million tons. In 
1994, a 5.2 percent rise in manufactured goods output (rts best gain since 1987) propelled truck 
tonnage a further 6 percent.34 Tonnage reached a strong 2,712 million tons, the result was total 
for-hire and overall trucking volumes rose. All told, TL traffic climbed almost 9 percent in 1994 
and saw its share of total traffic rise 2.5 percent. In contrast, LTL carriers managed a below­
average 4.5 percent increase and a 1.4 percent drop in their market share. 

At the time of this report historical trucking activity data were not available for 1995. 
Nevertheless, it is clear that the industry was beset by slower growth in end-markets, excess 
capacity, and rate discounting. As the economic soft-landing took hold in the spring, last year 
saw more trucks chasing fewer shipments. A record 201,000 Class 8 trucks ( with a gross vehicle 
weight rating above 33,000 pounds) were purchased in 1995. Meanwhile, for-hire volumes 
shrank, despite beginning the year with double-digit gains. Since proposed rate hikes could not be 
enforced, prices and revenues tumbled. This was particularly true in the LTL sector, though 
weakness was not confined to it. TL carriers, which had managed steady growth throughout 
1994, saw revenue and prices plateau in the first few months of 1995, and then fall. Producer 
price index (PPI) growth for L TL general freight steadily declined, while the TL PPI stabilized at 
2 percent. For 1995 as a whole, LTL PPI slid, from its 3.6 percent run up in 1994, to 2.0 percent. 
TL rates actually accelerated from a 1.0 percent gain in 1994 to a 2.6 percent rise in 1995. 

THE FUTURE 

Transportation of freight for United States manufacturers, construction firms, and mining 
businesses is highly sensitive to the business cycle in the United States. The long-term trend 
forecast commissioned for this study3' assumes gains consistent with the economy's "trend" rate 
of growth. Thus. the forecasts do not fully reflect peaks or troughs. The forecast captures long­
run trends affecting truck volumes. Truck tonnage should be consistent with these long-run 
factors. The freight transportation outlook is for potential growth in the freight market. The 
United States economy is not expected to match its robust 1994-1995 pace over the next ten 
years. Instead, real GDP growth should downshift into its 2.5 percent trend rate. This steady, 

33 This is based on the DRI model. 
34 It is noted 1hat the truck gain surpassed the rise iI:t roaanfitcwrcd output 

35 DRI and Recbie Associates analysis. 
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albeit less spectaeular, overall growth is forecast to permit trucking volumes to post a 1.4 percent 
average annual gain through 2000. This compares with the forecast of 1.6 percent anticipated 
growth in manufactured goods shipments by railr<Sads. 

Along with potential rmrket growth, truck shipments will be shaped by their composition. 
Primary general freight shipments make up around half of total movements. Six sectors-food. 
lumber, paper, chemicals, petroleum, and stone, clay and glass--<:omprise more than 80 percent 
of all manufactured shipments. Indeed, these six commodities determine overall freight growth. 
In combination, they are expected to post average anrniaJ growth of only 1.3 percent over the 
forecast period, placing them among the low-growth performers. Only one of the six 
components, chemicals, will experience high growth during the next ten years. The relatively 
slow pace of growth in most shipment categories will constrain the growth of total shipments. 

Food, the second-largest truck commodity, is expected to post an average annual gain ofless than 
1 percent over the forecast period. Last year, the trucking industry transported about 520 million 
tons of food products. This represented 20 percent of total general freight shipments. About 
one-half of the food movements are made by private carriers that retain their own fleets for 
transporting merchandise. Typically, food demand is determined by domestic population growth 
and export prospects. Over the forecast interval, real United States food exports are expected to 
rise an average 2.0 percent BDDUally (m billions of 1987 dollars), below their pace of the past 
decade. Moreover, domestic demographics will limit gains in this category to only 0.9 percent a 
year. Excluding chemicals, the high-growth sectors are forecast to be rubber, machinery, and 
transportation equipment. They constitute only about 4 percent of total mamlfactured shipments, 
limiting their ability to boost overall growth. · 

Trucking industry advances are forecasted to be in line with those of their rail counterparts. 
Trucks and railroads do not compete head-to-head for each commodity. Typically, trucks have a 
higher concentration of high-value items. The rise of truck/rail joint ventures and the use of new 
intermodal technology has changed the playing field. In many areas, truck and rail traffic can 
grow in unison, taking advantage of new opportunities in a dynamic marketplace. 

SHIFTS 

New means of transport are not limited to inter-industry changes; intra-industry shifts are also 
underway. During the past several years, the trend among marn1:facrurers to out source 
distribution and logistics functions bas resulted in a decline in private carrier tonnage and a rise in 
for-hire tonnage. Companies are placing greater emphasis on their core businesses and paring 
costs. This trend toward a few "core" for-hire carriers is projected to accelerate over the next ten 
years. The shift will be particularly noticeable in the food, primary metals, and transportation 
equipment markets, which currently have a high concentration of private tonnage. 
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EQUIPMENT, REVENUE, AND COSTS 

The trucking industry should be well-equipped to handle the modest pace of freight gains. The 
1995 heavy truck sales figure of201,000 units was a record high. Indeed, as mentioned, these 
equipment purchases gave rise to excess capacity. As the economic soft landing took hold and 
over-supply became apparent, orders and sales softened. Indeed, the forecast is that heavy truck 
sales have peaked. Although sharp, this drop would be in line with prior downturns. Thereafter, 
sales should stabilize at about 169,000 vehicles per year. 

Two important areas influencing the bottom line should be emphasi:red: fuel and labor costs. The 
trucking industry uses almost 17 percent of the petroleum consumed in the United Stateg3'_ Also, 
many industry experts agree that the shortage of drivers is a major rislc facing the industry. 
Although somewhat offset during the economic slowdown, the shortage is likely to reemerge 
during economic growth. To help ease the shortage, some motor carriers are operating driver 
training schools. But finding and training drivers is only half the battle; driver retention is also 
necessary for motor carriers. Relatively low salaries and few benefits encourage veteran long-haul 
drivers to leave. To combat this, companies commonly attempt to arrange routes to ensure that 
drivers are able to return home frequently. While reducing driver turnover is necessary for the 
long-term health of the industry, it also affects costs, profits, and competitiveness. 

SUMMARY 

There is growing evidence that the productivity improvement of U.S. businesses through reduced 
logistics cost will continue. The reduced logistics costs are reaJired through reductions in 
inventories, reduced interest rates, lower transportation costs, and warehousing costs. Reduced 
inventory and warehousing costs are attnbuted to better logistics management and transportation 
services, which allow reduced stock levels and stocking points, warehouses and distnbution 
centers. 

Carriers will need to continue being responsive to shipper requirements. They will need to 
provide more value-added services and cooperate more with other modes to meet shipper 
demands for reduced warehousing costs and enhanced service reliability with reduced rates for 
freight traffic. 

I 36 Bureau of Transportation Statistics. 1996 National Transportation Slali.stia 
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CHAPTER 5 

SAFETY AND TRAFFIC OPERATIONS 

INTRODUCTION 

Many factors influence truck safety. Driver performance, roadway design and condition, weather, 
and vehicle performance directly affects the ability to safely complete a trip. Motor carrier 
regulations and enforcement affect safety by determining conditions within which drivers and 
vehicles operate. Within this broad context, however, truck size and weights (TS&W) also 
directly affects truck safety and traffic congestion, especially in major metropolitan areas. TS&W 
limits directly impact motor curers' choices as to the type and configuration of vehicles they 
operate, as well as the network of roads on which the vehicles are operated. These choices, in 
rum, determine truck travel patterns and the control and stability properties of the vehicles 
operated. 

There is a shortage of data directly correlating TS&W with the type, frequency, and casualties of 
roadway crashes. However, available evidence does point to a number of trends relevant to truck 
safety. Numerous analyses of crash data bases have noted that truck travel on lower performance 
roads, (e.g., undivided, higher speed-limit roads with numerous intersections and entrances), 
significantly increases crash risks compared to travel on Interstates and other higher quality roads. 
Higher traffic densities, which are common in urban and populous areas, exacerbate this problem. 
The majority of fatal crashes involving trucks occur on non-Interstate, U.S. and State routes, 
many of which are undivided and have high posted speed limits. For this reason, review of 
potential TS& W changes should especially focus on truck travel patterns and truck perfonnance 
capabilities in terms of use on roads of this type. 

Further, numerous vehicle performance tests and engineering analyses have frequently highlighted 
significant differences in the stability and control properties of different sizes and configurations of 
trucks. Some larger and heavier trucks are more prone to roll over than other, smaller trucks; 
some are less capable of successfully avoiding an unforeseen obstacle, when traveling at highway 
speeds; some negotiate tight turns and exit ramps better than others; and some can be stably 
stopped in shorter distances than others; some climb hills and maneuver in traffic better than 
others. The effects of these differences on crash likelihoods are subtle, but become more evident 
when traffic conflict opportunities increase. Some of these concerns can be addressed through 
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judicious designs. Others can only be addressed by matching and restricting use to certain 
roadways and traffic density conditions. Attention to these inherent properties of trucks is critical 
when TS&W options are being considered. 

Moreover, notwithstanding any technical and analytical considerations, public perceptions of 
truck safety, and especially the safety of larger trucks, is uniformly negative. Public opinions on 
this issue are strongly held and must be heavily weighed when considering TS& W policies. 

The following sections provide: additional details about the general causes of truck crashes and 
the role TS&W plays; more information about the public's and truck drivers' attitudes and 
opinions relative to large trucks; a summary of the key findings of crash data analyses, and; a 
summary discussion of the role that the design and performance properties of larger trucks plays 
in crash causation. 
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TRUCK CRASH CAUSATION FACTORS 

Variables influencing overall crash risk may be grouped into three broad categories: truck 
equipment, driver perfonnance, operating environment (for example, roadway and weather 
conditions). Figure V-1 illustrates the complex interrelationship of these variables as they 
contribute to truck crashes. Almost every crash is initiated by some type of human error, typically 
a lapse of attention or a misjudgement of situational conditions. For this reason, driver behavior/ 
performance is overwhelming cited as the principal "cause" of crashes. Equipment considerations 
including vehicle size and weight as well as mechanical or operational failures play a role smaller 
than other factors and are very difficult to isolate in terms of crash causation. As the figure 
indicates, however, other operating environment and vehicle-related factors can diminish safety 
either by predisposing drivers to commit errors, or by preventing them from compensating or 
recovering from errors they commit. For these reasons it is important to address all the 
contributing factors to crashes. 

DRAFI' 06/05/97 

FIGUREV-1 
INTERRELATIONSHIP OF CONTRIBUTORY TRUCK CRASH FACTORS 
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Another way of looking at the relationship of the these various factors is to examine a 
hypothetical "crash causation chain" (see Figur~ V-2). The chain begins with predisposing 
conditions, these combine with situational characteristics to create an opportunity for a crash. In 
other words a set of factors either predispose or enable a crash to OCQlr. 

FIGUREV-2 
HEAVY TRUCK CRASH CAUSATION •cHAJN• 
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CONTRIBUTORY FACTORS 

TRUCK EQUIPMENT 

Truck equipment issues include physical characteristics, such as the number of trailers, trailer 
length, and weight capacity; the dynamic performance of the vehicle under varying load 
conditions1; and other mechanical systems such as brakes and engine characteristics. 

1 Includes steady-state roll stability, rearward amplification and load tnmsfec ratio. These concepts are ddincd in a 
subsequent section. 
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The braking capability of combination trucks is a particularly important safety issue. Braking 
capability relates to achieving a safe stopping disance and maintaining vehicle control and 
stability during braking and is influenced by a number of factors, weight and size being one. 
Additionally, rollover propensity, the ability to negotiate turns and maneuver in traffic, and the 
ability to successfully maneuver when confronted with a potential crash threat are other 
performance concerns that warrant close attention. This issue is discussed in depth in a 
subsequent section. 

DRIVERS 

Driver performance issues, among other things, include skill leve~ experience, and fatigue. These 
are critical, regardless of the type or size of truck being driven. In the context of truck safety, the 
driver may be the most important element of the truck-driver-road-environment relationship. 
Driver experience and training have an effect on truck crash rates, and the drivers themselves 
report that inexperience is a significant contributory factor to loss-of-control crashes. 

The FHW A Office of Motor Carriers recently sponsored2 a study to investigate whether longer 
combination vehicles (LCV s ), with their increased length, greater weight, and greater number of 
trailers, could significantly increase the amount of fatigue and stress experienced by the truck 
driver. Data were collected from 24 experienced LCV drivers, operating in a controlled test but 
under representative daytime driving schedules, on limited access highways. After a day of 
orientation and training, drivers operated three types of combination vehicles for two days each 
over a 6-day period: a single-trailer (48-foot trailer) combination, a triple-trailer combination 
equipped with standard A-dollies and a triple-trailer combination equipped with self-steering 
double-drawbar C-dollies. 

Preliminary findings suggest that the most significant contribution to a given driver becoming 
fatigued were the characteristics of the individual driver, the number of hours since the last rest 
period, and the number of consecutive days of work. Trailer configuration type did contribute to 
changes in driver performance but these effects were small compared to the principal causative 
effects. The patterns in driving performance (specifically, lane-tracking) and in fatigue/ 
physiological recovery and subjective workload generally showed that drivers had the best 
performance when driving the single-trailer combination; next best was the triple with C-dollies, 
and poorest performance was with the triple combination with A-dollies. 

2 The final report is expected to be completed by the summer of 1997. 
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OPERATING ENVIRONMENT 

-
Environmental issues primarily include adverse weather, visibility conditions and roadway 
geometry and congestion. The environment also includes factors such as road class, region of the 
country, road condition and state of maintenance, and the presence or absence of traffic signals, 
intersections, guardrails and other barriers, and warning signs. For example, it bas been observed 
that crash rates vary significantly by road class because of design characteristics. 

ROADWAY GEOMETRY AND CONGESTION 

Roadway geometry refers to the physical structures where trucks operate including road type, 
grades, and intersections, as well as the interaction of trucks with other users of the roadway and 
infrastructure. Longer and heavier trucks must contend with intersections, entrance/exit ramps, 
and highway grades with design elements that may not be suitable for current or alternative sizes, 
weights or configurations. 

The interaction of truck design features with roadway geometry properties and vist"bility is 
accentuated as traffic volume increases. There is also a growing recognition that traffic 
congestion and driver behavior may be related-that congestion may cause more aggressive 
driving behavior. 

ADVERSE WEATHER 

Inclement weather, such as rain, sleet, snow and ice, creates road conditions that challenge the 
stability and control of vehicles during turning and braking maneuvers. 

Vistbility is a function of weather as well as time of day. Dawn, dusk: and night place 
increased operating demands on the driver to safely control the vehicle. Crash profiles illustrated 
in Table V-1 show that approximately 35 percent of fatal crashes and about 26 percent of 
non-fatal crashes occur in visibility conditions other than normal daylight. 

TABLEV-1 
LARGE TRUCK OR BUS CRASHES (IN PERCENT) 

BY WEATHER, ROAD SURFACE, AND LIGHT CONDITIONS 
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A recent study3 of truck crash rates reported that 53 percent of the crashes-and 51 percent of the 
VMI-occurred at night. Noted in the study were modest differences between daytime and 
nighttime crash rates, with the nighttime rate being marginally higher. 

INTERACTION .OF CONTRIBUTORY FACTORS 

Clearly these variables, and their contribution to truck crashes, are not entirely separable. 
Further, crash data records do not typically delineate cause in terms of the three categories. Also, 
the boundary between environmental and roadway conditions is not always clear, since one may 
influence the other. 

The driver is critical in initiating or preventing a crash. Experienced drivers can compensate, to 
some extent, for strenuous driving conditions or can overcome difficulties associated with vehicles 
that have inferior handling and stability properties, but with increased effort. On the other hand, 
inexperienced or unsafe drivers will be even more prone to incident involvement if the vehicles 
they are operating have inferior handling and stability characteristics. Further, fatigue, inattention, 
drug or alcohol impairment or traveling at excessive speeds-&ctors frequently cited as primary in 
contnbuting to incidents-exacerbate these concerns. 

Figure V-3 illustrates the driver-truck equipment performance-operating environment demands 
relationship. Simply stated, as the operating environment performance demands (roadway, traffic 
and weather conditions) increase, driver-truck equipment performance must also increase to 
neutralize incident impacts. 

FJGUREV-3 
ILLUSTRATIVE REUTIONSHIP BElWEEN THE DRIVERfTRUCK EQUIPMENT PERFORMANCE 

AND OPERATING ENVIRONMENT DEMANDS 
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Soun:c: Hca'\'YTnickSafcty Study, DOT HS 107 109, March 1917 

3 Accident Rates for Longer Combination Vehicles.FHWA-MC-97~3, October 1996. 
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For example, perhaps the most prominent impact of environmental variables are the additional 
driver and equipment performance demands required for safe vehicle operation. As indicated 
earlier, conditions of poor visibility result in increased operating demands on the truck driver to 
safely control the vehicle. Sight distance, decision distances, and the time available for corrective 
or evasive action all are reduced resulting in a need for closer control of the vehicle. 

MOTOR CARRIER SAFETY OBSERVATIONS 

This section presents an overview of driver perceptions, both of automobiles and trucks. 

DRIVER PERCEPTIONS 

DATA COLLECTION APPROACH: FOCUS GROUPS 

In 1996, as part of this CTS&W Study, FHW A held twelve focus group meetings to research the 
perceptions, concerns and reactions of the auto driving public and of over-the-road truck drivers' 
to operations in mixed auto and truck traffic. The focus group discussions were intended to 
generate an in-depth understanding of safety practices, experiences and perceptions among auto 
and truck drivers and to explore and assess how these groups are likely to react to poSS1ble 
changes in TS&W limits. 

AUTO DRIVER CONCERNS 

Auto drivers reported that they constantly worry about their safety when they are on the highway 
and perceive the greatest threat to come from other auto drivers-people who are impatient, 
aggressive, reckless, intoxicated or simply inattentive. But they also consistently cited large 
commercial trucks among their top three or four highway safety concerns. 

Truck Size and Weight 

Many auto drivers indicated that they feel outmatched by the size and weight of large commercial 
trucks. They indicated having seen or experienced dangerous and frightening interactions with 
large trucks on the highway, as well as news media reports of fatal truck crashes that stuck in 
their minds and reinforced their safety concerns. 

4 FHW A Focus Groups with Auto Drivers 8lld Truck Drivers on Size 8lld Weight Issues. Draft Final Report, Apogee 
Research, Inc., Februmy 24, 1997. 
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Sharing the Road 

Many of the focus group participants believed that truckers drive too fast, too far and for too 
many hours to be safe. Truck speed and driver fatigue were among the greatest sources of auto 
driver concern. When the focus group participants see or hear examples of truck crash or unsafe 
driving by truck drivers, they begin to worry about the type of person behind the wheel. 
Motorists tended to attribute the truck safety problem to two sources-drivers with bad attitudes 
and/or economic forces in the trucking industry that place too much pressure on drivers and 
inadvertently create incentives for cutting comers and rewarding unsafe practices. 

Road Conditions 

Also cited as factors for concern were increased traffic congestion, bad weather and the mixing of 
truck and auto traffic under congested or inclement conditions. 

Changes to Truck Size and Weight Umits 

The vast majority of participants said they preferred the status quo on Federal TS&W standards, 
and a return to greater restrictions if any changes were actually made. At the same time, 
motorists-suggested that it made little difference whether truck weights were increased or 
decreased because in either case they were not likely to survive a collision with a truck 

Participants said they were opposed to allowing longer trucks and trailers because they perceive 
longer trucks to be less safe and harder to see or maneuver around. They commented that truck 
length is visible and therefore they can observe its impact on safety. With respect to LCVs, 
many participants said that they would not believe that doubles or triples can be operated safely. 
Others said doubles and triples should be used, but only under very strict limits and conditions. 

Finally, the respondent auto drivers doubted they would realize any economic benefits from 
increased truck dimensions and felt that policy decisions would be based on narrow political or 
economic pressures and would undermine highway safety. Further, they indicated that they saw 
little evidence to suggest that current regulations were being adequately enforced, noting that they 
rarely saw trucks being inspected or pulled over for speeding. 
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TRUCK DRIVER CONCERNS 

The truck drivers who participated in the focus -groups generally felt that their jobs were 
potentially dangerous and required that they be ever vigilant against external threats to their 
safety. 

Truck Size and Weight 

Weight was considered a key variable in truck safety; it was seen as determining a driver's ability 
to maintain control under different conditions. However, according to the driver, a heavier truck 
is not necessarily a less safe truck. Trailers were reported as being too long for many city streets, 
and even some ramps and access roads along interstate highways. 

They felt that experienced, responsible drivers are safely operating heavy trucks, but safe 
operation may be threatened by shippers, dispatchers and companies that tend not to allow 
sufficient time for deliveries. Economics was seen as the most fundamental determinant of truck 
safety because it is such a dominant factor in influencing driving conditions-truck weight, speed, 
fatigue, driver experience. 

Sharing the Road 

The truck drivers reported that automobile drivers are their biggest complaint. They indicated 
that, from their perspective, auto drivers are increasingly unpredictable. Further, increased 
traffic and traffic congestion have made potential safety problems worse, partirularly around 
urban areas. The truck drivers indicated that better driver education-for automobile 
drivers-might improve the situation. 

Road Conditions 

Truck drivers perceive that traffic congestion is getting worse. They also perceive that the 
highways are less able to accommodate their larger, heavier trucks, creating more potential 
hazards. Road design, highway conditions and construction practices were seen as challenging 
maneuverability and safe operations. 

Truck Driver Experience and Training 

Truck drivers place a high premium on skill and experience. This makes veteran truck: drivers 
leery of new drivers who they feel are being rushed through training which more experienced 
drivers perceive to be inadequate because it focuses on preparing them to obtain a Commercial 
Driver's License (CDL), not necessarily to be a safer driver. 
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Changes to Current TS& W Umits 

-
The drivers said with considerable pride that they could operate anything and indicated confidence 
that they could handle any increase in TS&W that might occur. However, they were skeptical 
about the need or desirability of allowing longer or heavier trucks on the highways, and said that 
maintaining safety would require changes in highway conditions, training, equipment and 
economic incentives. They were skeptical that the necessary changes would be implemented. 

Truck drivers generally opposed changing the TS&W standards. The majority prefer to maintain 
the status quo or return to a more restrictive set of standards, particularly if the latter would make 
the rules more uniform from State to State. Keeping up with the different and even contradictory 
rules was reported as a time-consuming distraction. Further, nonuniformity was reported· as 
adding to stress, fatigue and costs. They also reported that, to ensure highway safety, special 
restrictions should be required in LCV operations. 

If the regulations were made less restrictive the drivers said more skill, experience, effort and time 
would be required to maintain safety on the highway. The drivers were doubtful that these 
requirements would be met given the problems they previously cited. 

SUMMARY 

Automobile, and for that matter, truck drivers clearly have strongly held views about truck safety 
and larger truck safety and larger trucks. These concerns must be weighted heavily when 
considering TS&W policies. 

CRASH DATA ANALYSES 

Differentiating the crash involvement patterns of small subgroup populations of vehicles is 
problematic. Equally confounding is the effect of the interrelated variables previously discussed, 
which makes isolating crash rates as a function ofTS&W variables a difficult task. The effects, 
attributable to truck size, weight or configuration, must be isolated from the impact of the driver, 
other equipment and environmental factors before definitive conclusions can be reached. 

Crash data currently available are capable of ascertaining trends in overall truck safety, but are 
less capable of clearly differentiating trends by vehicle characteristics. Nonetheless, broad 
distinctions among vehicle types have been noted. 
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TRUCK-INVOLVED ACCIDENT RA TES 

Most recently, and illustrative of others that bav~ been completed in the p~ is a study of truck 
crashes in Michigan5 which isolated differences between crash rates for singles and doubles ( all 
doubles, not just LCV s) in terms of some key variables, such as day versus night, urban versus 
rural, and limited access versus other roadway types. 

That study found that, based on police-reported accidents, singles and doubles have similar 
accident experience in terms of overall safety performance, but that other differences were 
apparent when the overall rates were disaggregated by road class, time of day and area type. 
Doubles bad a statistically significant difference in casualty accident rates on lower road types. 
For doubles, the rate was 5.85; for singles, it was 3.72 accidents per million vehicle miles. 
Accidents involving doubles on lower type roads also were more likely to result in injury or death. 

Differences were also found between rural and urban areas. When all accidents were considered, 
doubles performed better than singles in both urban and rural areas; but when only casualty 
accidents were considered, the doubles bad similar rates in rural areas but slightly higher rates in 
urban areas. This was consistent with the usage pattern for doubles, which travel more on the 
safer limited-access roadways. Similarly for accidents ocauring in the daytime versus nighttime, 
overall rates were lower for doubles than for singles, but for casualty accidents, the doubles bad a 
worse rate during the day. 

Doubles rates were higher than singles rates in some specific situations such as one-vehicle 
involvements on rural limited-acc.ess highways during the day, multi-vehicle involvements on rural 
major roadways during the day, and urban limited-access roadways during the day. The higher 
one-vehicle crash rate is primarily due to rollover crashes, a crash type for which, the author 
notes, doubles are well known. 

SEVERITY OF TRUCK-INVOLVED CRASHES 

Crash severity is generally measured in terms of whether the crash results in property damage 
only, injuries, or fatalities. Four iactors influence the severity of an crash involving cars and 
trucks: the type of collision that oc:curs, the relative size and weight of the vehicles, the change in 
velocity of the car, and the type of truck involved in the collision. 

Relationship of Truck Size and Weight to Crash Severity 

Safety risk is significantly increased if truck traffic increases in operating environments with a 
higher risk of truck-car collisions, for example, undivided highways as compared to divided 
highways. Head-on traffic conflicts naturally create opportunities for higher closing velocities 

5 Differential Truck .Accident Rates for Michigan." Richard D. Lyles. Kameth L. Campbell, Daniel F. Blower, and 
Polichrous Stamatiadis, Transportation Research Record 1322, Transportation Research Board. National Academy 
of Sciences, Washington. D.C., 1991. 

DRAFT 06/05/97 V-12 1997 U.S. DOT Comprehensive Ts& W Study 

I 
I 
I 
I 
·1 
I 
I 
I 
I 
I 
I 
I 
I 
I 
1·· 

I 
I 
I 
I 



I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

-I 
I 
I 
I 
I 
I 
I 
I 
I 

( essentially the sum of the two vehicles' speeds) that result in higher changes in velocity for the 
automobile involved in the conflict. Divided highways are particularly effective for truck traffic 
because the near elimination of head-on collisions also reduces the number of car-truck collisions 
by about a factor of two. 

When two vehicles collide, the speed at which they collide, the mass ratio of the two vehicles, and 
the vehicular orientation in the collision are the primary determinants of whether a fatality results. 
The effect of the difference in size between the two vehicles is large. For car-truck collisions, in 
comparison to car-car collisions, the effect of the difference in weight between the two vehicles 
increases the probability that fatalities which occur will be sustained by the occupant of the car. 
For car-truck collisions, the problem is also aggravated by vehicle geometric and structural. 
stiflhess mismatches. The relative closing speed at impact is the single largest predictor of the 
likelihood that a given crash will have a fatal outcome. 

Figure V-4 illustrates the relationship between the difference in size between two vehicles 
involved in collision (mass ratio) and the relative change in velocity sustained by the smaller of the 
two vehicles. It assumes an impact between two vehicles of different mass traveling in opposite 
directions. The vertical axis is the change in velocity of the small vehicle as a fraction of the initial 
closing velocity of the two vehicles. The mass ratio, simply the weight of the larger vehicle 
divided by the weight of the smaller vehicle, is shown along the horizontal axis. As the mass ratio 
increases, the change in velocity as a fraction of the closing velocity, quickly rises to exceed 90 
percent at a mass ratio of nine. The graph indicates that at mass ratio differences much above 10 
to 1, the smaller of the two vehicles sustains virtually all the change of velocity resulting from the 
collision, while the larger of the two vehicles sustains little or no change in velocity. At the 
current 80,000 GVW limit, mass ratio differences between cars and trucks are already on the 
order of 25 to 1 or higher. 
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FIGUREV◄ 
MASS RATIO CHART 
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The significance of the change in velocity becomes more apparent as it is related to fatality rates in 
car-truck crashes. The fatality data6 shown in Figure V-5 indicates the likelihood of a filtality as a 
function of the change in velocity of the vehicle. These data were compiled from over 19,000 
crashes between cars and trucks. As can be seen in the Figure, the data are approximated by an 
exponential curve that estimates l 00 percent fatalities for changes of velocity that exceed 
approximately 65 miles per hour. These data demonstrate why, when a car and a heavy truck are 
involved in a head-on collision at typical open highway operating speeds (e.g., above 45 miles­
per-hour), car occupan~ are highly likely to be fatally injured. 

6 "Large Trucks in Urban Areas: A SafetyProblcmr. James 01)ay andl.idiaP. Kostyniuk, Journal ofTnmsportation 
Engineering, 111. 303, (1985). 
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FIGUREV-5 
CHANCE OF FATALITY AS A FUNCTION OF CHANGE IN VELOCITY 
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Relationship of Crash Severity to Truck Configuration 

An earlier study' (results shown in Table V-2) compared the overall distribution of crash 
outcomes (fatality, injury, or property damage only) between trucks with single trailers versus 
trucks with double trailers for both local and intercity trips. Distinctions were not made relative 
to the travel patterns of the two vehicle types. Crashes involving trucks with double trailers were 
more likely to result in a fatality, and more so for local trips than intercity trips. 

TABLEV-2 
DISTRIBUTION OF CRASH OUTCOMES BY TRIP TYPE 
FOR TRUCKS WITH SINGLE AND DOUBLE TRAILERS 

(IN PERCENT) 

3.13 73..51 23.35 11.11 4U5 

7..52 60.35 32.13 1.60 ,1..,, 
7.32 61.46 31.23 1.27 50Jil 

..0.74 

39.16 

7 "Comparison of Accident Characteristics and Rates for Combination Vehicles with One or Two Trailers," lbipatai 
Chiracbavala and James O'Day, UMTRI rqx:rt UM-HSRI-81-41, August, 1981. 
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OPERATIONS 

Rollovers, maneuverability. and the ability to avoid unanticipated crash threats are all affected by 
vehicle design characteristics. This section describes how those propenies are related to TS&W. 

Differing TS&W policies can affect the safety and traffic operations characteristics of heavy 
trucks beause they lead carriers to make differing choices in the basic design propenies and 
configurations of the vehicles they choose to operate. The following is a list of vehicle propenies 
that typically differ as a direct result of differing size and weight allowances: 

• Overall vehicle/unit length; 
• Vehicle/unit wheelbase and track width; 
• Overall vehicle/unit weight; 
• Individual axle weights; 
• Number of axles on vehicle/unit; 
• Number of units in a combination unit vehicle; 
• Number of articulation points in a combination unit vehicle; 
• Number and type of tires; 
• Suspension properties; and 
• Brake system properties. 

These vehicle design differences. in tum, affect vehicle braking. handling, and stability properties. 
In some cases. they can limit vehicle performance in traffic and/or incrementally reduce their 
ability to successfully execute abrupt or extreme maneuvers that tax the performance capability of 
the vehicle. Unless other compensatory changes in driver performance and/or operating 
environment demands are made to counteract the effects of vehicle performance differences, crash 
likelihoods and/or traffic disruption effects increase incrementally. 

SAFETY RELATED EFFECTS 

Vehicle handling and stability cbaracteristics that can significantly affect the safety of heavy 
trucks, and which typically differ in relation to differing size and weight policies, include: static 
rollover threshold, braking efficiency, response of the rear trailer in a multiple trailer combination 
to rapid steering (rearward amplification), and high speed offl:racking. 

STATIC ROLLOVER THRESHOLD 

Static rollover threshold is the level of lateral (sideward) acceleration that a truck can achieve 
during turning, without rolling over. Vehicles with low rollover thresholds are prone to rolling 
over when negotiating exit ramps from freeways, when making severe crash avoidance lane 
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change maneuvers, or when they run oft'the road. The principal determinant of rollover threshold 
is the ratio of the center of gravity (COG) height of the vehicle's mass and cargo to one-half the 
vehicle's track width. Suspension and tire charaGteristics also influence this property, but to a . 
lesser degree. Rollovers account for 8 percent to 12 percent of all combination-unit truck 
crashes, but are involved in approximately 60 percent of crashes fatal to heavy truck occupants. 
They greatly disrupt traffic when they occur in urban environments, especially if hazardous 
materials are involved. 

Rollovers can be reduced by making vehicles more roll stable. Another solution would be for 
drivers never to exceed posted or reasonable speeds when traversing curves or exit ramps, but 
past experience indicates this does not always happen. Test procedures arc available1

, which 
involve tilting a tractor and trailer either separately or together, to measure these vehicles' static 
rollover thresholds. Various minimum performance thresholds have been suggested for this test. 
Analytical methods of calculating rollover thresholds also exist which could minimiu the need to 
perform tests in all but questionable cases. 

Larger, heavier vehicles do not necessarily have poorer performance with respect to this metric 
than do smaller, lighter vehicles. However, loading more payload onto a given vehicle will in 
many cases worsen its rollover propensity. On the other hand, various design techniques, 
principally those that lower the COG of the vehicle's cargo hold, can substantially improve this 
performance characteristic, regardless of a vehicle's size or weight. The COG height can be 
reduced by lowering the trailer deck, the legal height limit or both. Also, the trailer could be 
widened. Other design techniques include adding one or more axles, stiffening suspensions, or 
specifying stiffer tires. Increasing the width of a typical trailer from 96 inches to I 02 inches 
would improve roll stability 5 percent to 6 percent. Lowering the COG height would have even a 
more dramatic effect. Going from five to six axles on a 53-foot van semitrailer combination 
would improve roll stability by 5 percent. For a given freight commodity, decreasing the 
mayUJ]Um GVW from 80,000 pounds to 73,280 pounds, the former Federal limit, would improve 
static roll stability by more than 6 percent. 

BRAKING PERFORMANCE 

The most straightforward metric of brake system performance is the distance required to stop the · 
vehicle when fully loaded. Obviously, shorter distances are better in this regard. However, brakes 
must also be able to absorb and dissipate large amounts of kinetic energy when a fully loaded 
truck descends a grade. Also, trucks need to be able to stop in a stable manner, without 
jackknifing or otherwise losing directional control due to wheels locking and skidding. Past 
studies9 have indicated that brake system performance plays a contributing role in approximately 
one-third of all medium/heavy truck crashes. 

1 SAEJ21280 

9 ".Improved Brake Systeim for Commercial Vehicles." U.S. Department ofTramportation (HS 807 706), April, 
1991. 
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The ability to stop in short distances is primarily dependent upon the size and number of brakes on 
the vehicle, their adjustment and state of maintenance, and tire properties. If the vehicle's brakes 
are adequately sized, and virtually all are as a result ofFederal regulatory requirements, they are 
capable of generating enough force to lock most wheels on the vehicle when it is fully loaded. 
However, inadequa.tely maintained or maladjusted brakes cannot generate needed braking power, 
which leads to longer stopping distances and poor brake balance. Improper brake balance can 
cause downhill runaways and braking instability. In addition, adding more load to a given vehicle, 
without adding axles and brakes, decreases stopping performance. 

None of these problems are attributable to a truck's size or weight, they are generic truck safety 
issues. Properly designed larger trucks have more axles and, therefore brakes, to carry the 
heavier loads for which they are design~ but braking problems can be exacerbated if brake 
maintenance is lax. 

Antilock braking systems are especially beneficial for heavier multiple trailer combinations 
because they have more axles/brakes which can be unevenly loaded or balanced, leading to 
incrementally increased risks of braking-induced instability and lo.of-control. 

The National Highway Traffic Safety Administration recently fioaJju:cf requirements that 
significantly upgrade the performance of trucks' brake systems and require antilock brake systems 
on all vehicles. These regulations follow others requiring truclcs to be equipped with automatic 
brake adjusters and brake adjustment indicators. Permissive rules have been enacted to enable 
longer stroke brake chambers, which stay in adjustment longer than conventional brakes. 
The collective effect of all these rule changes will be a significant overall improvement in both 
as-new and in-service brake system performance. All sizes and configurations of trucks could be 
expected to achieve these higher perfonnance levels as well, if equipped and maintained as these 
new rules require. 

REARWARD AMPLIFICATION 

When a mwtiple-trailer combination is traveling at highway speeds (55 mph), it is susceptible to 
having its rear trailer roll over if an abrupt lane change crash avoidance maneuver becomes 
necessary. Lateral acceleration generated by the tractor, when the maneuver is initiat~ is 
amplified in the trailing units being towed. This phenomenon (rearward amplification) is reduced 
primarily with increased trailer lengths and fewer articulation points. Other design factors, as well 
as the vehicle's weight. influence this characteristic to a lesser degree. Instances of these 
occurrences are rare, primarily because these vehicles (doubles and triples) accumulate less than 5 
percent of the total truck mileage, and are typically operated in comparatively benign operating 
environments. Therefore, they experience comparatively little exposure to crash risk. The number 
of incidents could be expected to increase, however, if larger numbers of these vehicles were 
used, particularly in denser traffic that give rise to more frequent traffic conflicts. 

The rearward amplification of multiple-trailer combinations can be substantially reduced through 
the use of double drawbar converter dollies, so-called C-dollies ( see Figure V-6). C-dollies 
employ two connecting drawbars, instead of one, that couple to the preceding towing trailer. This 

DRAFT 06/05/97 V-19 1997 U.S. DOT Comprehensive TS& W Study 



effectively eliminates an articulation point in the combination, which damps out the rearward 
amplification characteristic. Thus, double combinations end up with two articulation points 
instead of three, and triples end up with three instead of five. C-dollies improve the rearward 
amplification ofWestern (STAA) doubles by 17 percent. Lengthening trailers also reduces the 
rearward amplification. For example, increasing trailer lengths in a B-train double from 28 feet to 
33 feet improves its rearward amplification by 10 percent. 

In order for the vehicle to have acceptable low speed offiracking characteristics, the C-dollies 
have self-steering axles which only move when the combination makes low speed turns. 
Combinations equipped with these dollies have better low speed offlracking properties than 
similar combinations equipped with conventional single drawbar A-dollies. Test procedures and 
minimum acceptability aiteria for qualifying the performance of these dollies are available. 

Control strategies involving "intelligent" differential braking have also been researched and show 
theoretical promise of being capable of effectively dealing with rearward amplification, but 
commercially viable systems are not currently available. 

HIGH-SPEED OFFTRACKING 

When a combination vehicle negotiates a sweeping (high radius of curvature), high-speed curve, 
as it would for example at some interchanges between freeways, the rearmost trailer axle can 
track outside the path of the tractor steering axle. For most truck configurations that have been 
analytically compared in this regard, this figure is 1.0-foot or less at SS mph. This tendency is 
reduced on superdevated curves. Conceivably, if the trailer wheels were to strike the outside 
curb during negotiation of the curve, a rollover could occur, but this performance attribute has 
not been linked to any appreciable number of truck crashes. This performance attribute is related 
to a vehicle's rearward amplification tendencies and is indirectly addressed when rearward 
amplification is addressed. For a given freight commodity, decreasing the maximum GVW from 
80,000 pounds to 73,280 pounds, and thereby the payload, decreases high-speed offiracking by 
more than IO percent. 
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FIGUREV-6 
ILLUSTRATIONS OF A. B, AND C TRAIN DOWES 
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TRAFFIC OPERATIONS EFFECTS 

LOW-SPEED OFFTRACKING 

When a combination-unit vehicle makes a low-speed tum, for example a 90 degree tum at an 
intersection, the wheels of the rearmost trailer axle follows a path several feet inboard of the path 
of the steering axle of the tractor. This is called low-speed offiracking and may, if excessive, force 
the driver to swing wide into adjacent lanes in order to execute the tum to avoid climbing inside 
curbs or striking curbside fixed objects or other vehicles. Also, when negotiating exit ramps, 
excessive offiracking can result in the truck tracking mboard onto the shoulder or up over inside 
curbs. 

This performance attribute is affected primarily by the distance from the tractor kingpin to the 
center of the trailer's rear axle which, in the case of a semitrailer, is its effective wheelbase. In the 
case of multiple trailer combinations, the effective wheelbase(s) of all the trailers in the 
combination, along with the tracking clmacteristics of the converter dollies, dictate this property. 
In general, longer wheelbases worsen low-speed offiracking. 

Standard STAA10 double (two 28-foot trailers), and triple combinations (three 28-foot trailers) 
cxlnl>it better performance in this regard, compared to a standard tractor/53-foot semitrailer 
combination, because they have more articulation points in the vehicle combination, and use 
trailers with shorter wheelbases than semitrailers. 

Excessive offiracking can disrupt traffic operations and can result in pavement shoulder and/or 
inside curb damage at intersections or interchanges heavily used by trucks. Low speed offiracking 
is a readily measured and/or c;,.lcuJated metric and reasonable acceptability criteria exist with 
which to control this issue. The extent of offiracking is given in Chapter 6, Highway 
Infrastructure, for a variety of truck configurations and trailer lengths. 

CHANGING LANES/MERGING 

Compared to conventional tractor/semitrailer combinations, longer vehicles require incrementally 
larger gaps in traffic flows in order to merge into these flows. Lane changes in flowing traffic 
streams would likewise be affected. This could add incremental complexity and burdens to the 
drivers of these vehicles in these situations. Skilled drivers can compensate for this vehicle 
property by minimizing the number of lane changes they make and using extra caution when 
merging, but this may not always be poSS1"ble. Concern about this performance metric is 
proportional to the traffic densities in which a given vehicle operates and vehicle length. 

10 Also rd'cm:d to Wcstcm doubles. 
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HILL CLIMBING/ACCELERATING 

As a vehicle1s weight increases, its ability to climb hills at prevailing traffic speeds and to 
accelerate quickly can be compromised if larger engines and/or different gearing arrangements 
are not used. When speed differentials between vehicles in flowing traffic streams exceed 20 mph, 
crash risks increase significantly. Table V-3 indicates that crash involvement may be from 15 times 
to 16 times more likely at a speed differential of 20 mph. On routes with steep grades that are 
frequently traveled by trucks, special truck climbing lanes have been built. However, these lanes 
are not always available, making it important that trucks be able to maintain reasonable 
performance in this regard. Concern about this aspect of truck performance is addressable with 
strategies combining judicious choices and matching of vehicles to suitable routes and vehicle hill 
climbing speed and acceleration performance minimums 

TABLEV-3 
SPEED DIFFERENTIALS AND CRASH INVOLVEMENT 

0 247 1.00 

' 411 1-" 

10 913 3.'70 

1, 2,193 I.II 

20 3,ffl 1'.49 

ScluRlc: :1-1 [)nup Roba1llcm. Da¥id L Harkey wt SCOU E. Davia, Allllylil Group. JDc;.. 
"'SaisyCrikriafilrl.aager-C di ec;,,., Vlhidm," Allglllt lff7. 

In the case of multiple-trailer combinations, if single drive axle tractors are used. a situation can 
arise where the tractor cannot generate enough tractive effort, under slippery road conditions, to 
pull the vehicle up the hill. Competent, responsible carriers who use routes susceptible to this 
problem, would not experience repeated incidents of this type without taking corrective actions. 

In the past, ameliorative prescriptions for concern about hill climbing_performance have centered 
on requiring larger trucks to be equipped with higher horsepower engines. However, this can be 
counterproductive, since larger engines tend to consume more fuel and, therefore, cause more 
gaseous emissions. While in some cases larger engines may be necessary to maintain reasonable 
perfonnance in this regard, a more straightforward approach is performance standards specifying 
minimum acceptable speeds on grades and minimum acceptable times to accelerate from a stop to 
50 mph, and/or to accelerate from 30 mph to 50 mph. 

In cases where frequent truck/car conflicts could be anticipated, either because of the truck's 
speed maintenance or acceleration performance, or because the number of unsignalized 
intersections per mile of roadway was high, another countermeasure would be to restrict larger 
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truck use altogether, or to limit their use to certain time periods. Also, in cases where insufficient 
uphill tractive effort could be a frequent concern, the use of either tandem-axle tractors, and/or 
tractors equipped with automatic traction control; would be indicated. 

TURNS AT UNSIGNALIZED INTERSECTIONS 

Heavier vehicles entering traffic streams, on two-lane roads, from unsignalized intersections could 
take a long time to accelerate up to the posted speed limit. If sight distances at the intersection 
were obstructed, it might be necessary for approaching vehicles to decelerate abruptly. This could 
cause crashes or disrupt traffic flows. 

The degree to which larger or heavier vehicles perform worse in this regard, compared to smaller 
trucks, depends on their comparative acceleration perfonn.ance characteristics. If equipped with 
appropriate powertrains that ensure adequate acceleration performance, or if routes were 
screened for suitability, concern about this issue would be minimized, regardless of the size or 
configuration of the vehicle. 

CLEARING THROUGH SIGNALIZED INTERSECTIONS 

Longer vehicles, crossing unsignalized intersections from a stopped position on a minor road 
could increase, by up to IO percent, sight dist.ances required by traffic on the major road being 
traversed. 

PASSING/ BEING PASSED ON TWO-LANE ROADS 

Cars passing longer vehicles on two lane roads could need up to 8 percent longer passing sight 
distances compared to passing existing tractor semitrailers. Longer trucks would require 
incrementally longer passing sight distances to safely pass cars on two lane roads. In practice, 
safety conscious truck operators find it impractical to pass cars in these situations, except under 
the most ideal conditions·. Operators of longer/heavier vehicles have to be even more diligent in 
this regard to avoid potential conflict situations. An alternative coWJtermeasure would be to limit 
operations of vehicles that require comparatively long times to pass, to roadways with relatively 
light traffic densities. This issue is discussed further under Roadway Geometry Impacts and 
Limitations, Chapter 6, Highway Infrastructure. 

DRAFT 06/05/97 V-24 1997 U.S. DOT Comprehensive TS&W Study 

I 
I 
I 
.1 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I: 
I 
I 
I 
I 



I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

-I 
I ,. 
I 
I 
I 
I 
I 
I 

AERODYNAMIC BUFFETING OF ADJACENT VEHICLES 

Air turbulence around trucks does not increase if they are longer or heavier than currently used · 
trucks. However, the gap between the tractor and the semitrailer it tows can be the source of a 
transient disturbance to adjacent vehicles, if they are operating in substantial crosswinds. Doubles 
combinations have two of these gaps, while triples have three. Thus, a passing c-.ar could 
experience this transient disturbance that many more times under these conditions. To the extent 
that motorists now find these occurrences disconcerting, they would experience that feeling 
incrementally more often if multiple trailer combinations were more widely used. 

Truck generated splash and spray is primarily an aerodynamic phenomenon. Thus the incremental 
concerns that arise relative to buffeting and multiple trailer combinations, would be similar relative 
to incremental splash and spray concerns. 

Efforts to improve truck aerodynamics arc continual, since the fuel economy benefits they can 
yield are substantial -Both buffeting and Splash and spray effects will be reduced u these 
market-driven product development efforts proceed. 

SUMMARY 

Notwithstanding driver, roadway and weather effects, vehicle si7.e and weight can play a critical, if 
somewhat subtle role in truck cras1' causation. Only in cases of a component failure does vehicle 
performance directly cause a crash to occur, but more importantly, marginal or inferior stability 
and control performance can make it difficult, if not impoSS1"ble for a driver to recover from an 
error, or avoid an unforseen conflict. Some configurations of larger trucks have comparatively 
inferior performance capabilities compared to other configurations of smaller trucks and these 
differences, especially if frequently challenged in traffic conflict situations, have been shown to 
result in incrementally higher crash likelihoods. 
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DllAF'l1 

CHAPTER& 

HIGHWAY INFRASTRUCTURE 

INTRODUCTION 

Highway infrastructure protection has been an important consideration in determining the 
parameters of truck size and weight (TS&W) limits. Pavement wear increases with axle weight; 
the number of axle loadings; and the spacing within axle groups, such as a tandem or tri.dem 
groups. Truck weight also affects the design and fatigue life of bridges. As with pavements, the 
distn'bution of weight over the distance between truck axles also affects bridge design and fatigue 
life. Truck dimensions influence roadway design and vice versa: truck width affects lane widths, 
trailer or load height affects bridge and other overhead clearances, and length affects the degree of 
curvature and intersection design. Looking at truck design as determined by the existing roadway 
geometry, the reverse of the preceding points are true. 

Alternative vehicle configurations, anafy7.cd in terms of their interaction with highway 
infrastructure features include single-unit or straight trucks and singl~ and multi-trailer truck 
combinations. Pavement types anafy7.cd include flcxil>le, asphaltic concrete, and rigid, portland 
cement concrete. Bridge features included in the analysis are span length and clearances. The list 
of roadway geometry features anafy7.cd is extensive and includes interchange ramps, intersections, 
and climbing lanes. 

INFRASTRUCTURE IMPACTS OVERVIEW 

TS&W characteristics-axle weights, gross vehicle weight (GVW), truck length, width, and 
height-impact of pavements, bridges, and roadway geometry in different ways as shown in 
Table VI-1. 
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TABLEVl-1 
HIGHWAY INFRASTRUCTURE ELEMENTS AFFECTED BY TS&W LIMITS 

Pa♦ mt 

8 IA■) 
~ 

F---

Flaibie 

Rjgid 

SbortSpm 

LaagSpm 

a.-

ldcn:bcF 
Rm..-

&anec:riaal 

Climbing1-

Hcmaala1 
CUrwlure 

VClticalC.W 
I..qlb 

IIUnaiaD a--,_ 
hlliagSipl 

DilllllCC 

IMPACT OF WEIGHT 

E 

E 

E E 

E E 

C E 

C E C 

E C 

E 

C C 

E 

E E 

C 

The relationship of weight to overall condition and performance of the highway system is 
indicated for each infrastructure element presented in Table VI-1: bridges, pavements, and 
roadway geometry. There are two aspects of weight that are dependent on each other and 
interact with the highway infrastructure, axle weight (loading) and GVW. As shown in Table VI-
1, the effect of axle weight is more significant to pavements and short span bridges, whereas the 
GVW is of more significance to long span bridges. 

Generally, highway pavements are stressed by axle and axle group loads directly in contact with 
the pavement rather than by GVW. The GVW, taking into account the number and types of axles 
and the spacing between axles, determines the axle loads. Over time, the acc1mwlated strains (the 
pavement deformation from all the axle loads) deteriorate the pavement condition, eventually 
resulting in cracking of both rigid and flexible pavements, and permanent deformation or rutting in 

DRAFT 06/06/97 Vl-2 1997 U.S. DOT Comprc:bcnsive TS&W Study 

I 
.1 
I 
I 
I 
I 
1. 
I 
I 
I 
I 
I 
I 
I 
1· 

I 
I 
I 
I 



I 
I 
I 
I 
I 
I 
I 
I 
1. 
I 
-I 
I 
I 
I 
I 
I 
I 
I 
I 

flexil>le pavements. Eventually, if the pavement is not routinely maintained, the axle loads, in 
combination with environmental effects, accelerate the cracking and deformation. Proper design 
of pavement relative to loading is a significant factor, and varies by highway system. 

Axle groups, such as tandems or tridems, distribute the load along the pavement.allowing greater 
weights to be carried, resulting in the sanie or less pavement distress than that occasioned by a 
single axle at a lower weight. The spread between two consecutive axles also affects pavement 
life or performance; the greater the spread the more each axle in a group acts as a single axle. For 
example, a spread of nine to ten feet results in no apparent interaction of one axle with another, 
and each axle is considered a separate loading for pavement impact analysis or design purposes. 
Conversely, the closer the axles in a group are, the greater the weight they may cany without 
increasing pavement wear beyond that occasioned by a single axle, dependent on the number of 
axles in the group. The benefit to pavements of adding axles to a group decreases rapidly beyond 
four axles. 

Axle loads also have an effect on short span bridges, that is, bridge spans that are shorter than the 
wheelbase of the truck. This results in only one axle group, the front or rear axle group, being on 
the span at one time. In contrast to pavement impacts, spreading the axles in an axle group is 
beneficial to short span bridges. 

As noted, it is not GVW but rather the distnl>ution of the GVW over axles that impacts 
pavements. However, GVW is a factor for long span bridges, that is, bridge spans that are longer 
than the wheelbase of the truck. Bridge bending stress is more sensitive to the spread of axles 
than to the number of axles. Bridge Fomrula B takes into account both the number of axles and 
axle spreads in determining the GVW allowed. 

In the context of roadway geometrics, increasing the GVW affects a truck's ability to accelerate 
from a stop, to enter a freeway, or to maintain speed on a long grade. Acceleration from a stop 
influences the time required to clear an intersection. Acceleration into a freeway affects the 
detennination of acceleration lane length requirements. Inability to maintain speed on a long 
grade results in required construction of truck climbing lanes. Some of these effects can be 
ameliorated by changes in truck design, primarily engine and drive train components. GVW also 
has a second order effect on off-tracking. "Offiracking" refers to how the rear axle of a trailer 
tracks relative to the steering axle of the truck. Other truck characteristics that are impacted by 
roadway geometrics are discussed in more detail later in this chapter. 
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IMPACT OF DIMENSIONS 

The dimensions of trucks and truck combinations.have varied effects on the three elements of 
highway infrastructure. The most significant effects relate to length, particularly when combined 
with GVW. Width has a limited effect on swept path, the combination of off-tracking and vehicle 
width. The effect for highway geometrics of swept path is on ramp or intersection design which is 
based on mapping a maximum swept path that the truck encroaches on the shoulder, over the 
curb, or into another lane of traffic. Height regulations are intended to ensure trucks will clear 
overhead bridges, bridge members, overhead wires, traffic signals and other obstructions. 

In general, truck length, or more specifically wheelbase, has a strong effect on bridge bending 
stress for long span bridges.1 A truck at mid-span is the loading condition for the maximum 
bending moment (stress) in a simple supported span. This is not the case for some continuous 
supported spans. When a truck is straddling the center pier of a continuous span, increasing the 
truck length can increase the bending moment in the span at the pier. 

The effect of truck wheelbase on off-tracking is reduced considerably if the combination is 
articulated, especially in a multi-trailer combination. Low-speed off-tracking affects interchange 
and intersection design and high-speed off-tracking affects lane width. 

BRIDGE IMPACTS 

BRIDGE DESIGN2 

Most highway bridges in the United States were designed according to the design manual 
guidelines of AASHI'O. The AASHTO bridge specifications provide traffic-related loadings to be 
used in the development and testing of bridge designs, as well as other detailed requirements for 
bridge design and construction. 

1 The longa- the wbcclbasc the sbortc:r the ~aoce from the support member to where the load is bc:ing applied (the 
moment um) when the truck is in the middle of the span. The shorter the truck the greater the coocentration of load 
at the middle of the span, and the longer the distmP: (moment llffll) to the suppmt member for the bridge span 
mmiber. 

2 A substmt:ia1 amount aftbc backgrouDd matt:ria1 is drawn from the 1RB Special Report 225, Tnlck Weight Limits: 
Luues and Options, 1990 aodfrom tbc-1981 U.S. DOT Rr:pmt to~ under Secti011161,An InvestigaJion of 
Tn,ck Size and Weight Limits. 
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Dynamic effects can also be important, particularly for bridges carrying trucks operating at higher 
speeds. In bridge design, the static weight of design loadings are adjusted upward to account for 
dynamic effects. To minimize the dynamic effects-Of extra-heavy nondivisible loads on some 
bridges, permits often require the truck to cross at a very slow speed depending on the GVW. 

A key task in bridge design is the selection of bridge members that are sufficiently sized to 
support the various loading combinations that the structure may carry during its service life. 
These include dead load (the weight of the bridge itself), live load (the weights of vehicles using 
the bridge), wind, seismic, and thermal forces. The relative importance of these loads is directly 
related to the type of materials used in construction, anticipated traffic, climate, and 
environmental conditions. For a short span bridge (for example, span length of 40 feet), about 70 
percent of the load-bearing capacity of the main structural members may be required to support 
the traffic-related live load, with the remaining 30 percent of capacity supporting the weight of the 
bridge itself: For a long bridge (for example, span length of 1,000 feet), as much as 75 percent of 
the load-bearing capacity of the main structural members may be required to support the weight 
of the bridge. 

For overstress, the loading event that governs bridge capacity in most instances is a design vehicle 
placed at the critical location on the bridge. In certain cases. a lane loading simulating the 
presence of multiple trucks on a bridge is the governing &ctor. Bridges are also affected by the 
dynamic impact and lateral distnlrution of weight of the trucks; dynamic impact is determined by 
speed and roadway roughness, and the lateral distnl>ution of loads varies with the position of the 
truck(s) on the bridge and the girder spacing. 

Planning for the rare loading event involves taking a design vehicle or lane loading and applying 
safety factors to accommodate variations in materials, deterioration, illegal loading, load 
distnl>ution and dynamic loading conditions. This adjustment of the nominal legal loading is 
reflected in the safety factors, which are selected so that there is only a very small probability that 
a loading condition that exceeds its load capacity will be reached within the design life of a bridge. 

The methods used to calculate stresses in bridges caused by a given loading are necessarily 
conservative, and therefore the actual measured stresses are generally much less than the 
calculated stresses. A margin of safety is necessary because: 

• The materials used in construction are not always completely consistent in size, shape.and 
quality, 

• The effects of weather and the environment are not always predictable, 

• Highway users on occasion violate vehicle weight laws, 

• Legally allowed loads often increase during the design life of a structure, and 

• OccasioTllll overweight loading by permit. 
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Some of the added margins of safety used by bridge engineers in the past have been eroded in 
recent bridge design and construction. Use of new design procedures and computer-aided 
engineering and design has enabled more precise analysis of load effects and the selection of 
lowest size bridge members and configurations. The competition between steel and concrete bas 
led each group to foster lower costs for their own material. For example, many designs now 
proposed for steel reduce the safety factor by reducing the number of girders which increases their 
spacing. Good load models and regulations may need to be considered in the future to cover 
more load increases. 

BRIDGE IMPACT MEASURES 

Past studies of the ;mpct of truck weight limit changes on bridges were based on various 
percentages of the yield stress for steel girder bridges, including SS percent, 65 percent, and 
75 percent of the yield stress. The yield stress, a property of the particular type of steel, is the 
stress at the upper limit of the elastic range for bridge strain. The elastic range of a structural 
member is the set of stresses over which the deformation, that is, the strain of the member is not 
permanent. In the elastic range the member returns to its former size and shape when the stress is 
removed. There is no permanent set in the structural member. For this discussion, strain is the 
elongation of a steel girder when: (1) a portion of the strain becomes permanent at a stress level 
above the yield stress; and (2) the girder cnntinues to elongate, or stretch, under increasing load 
until it ruptures or fails. Beyond the elastic range, there is permanent elongation of the bridge 
girder, that is, for those stresses that are greater than the yield stress. However, in structural steel 
there is considerable strain before failure occurs. This is relative to the strains (elongations) that 
occur within the elastic range. 

BRIDGE INVENTORY AND OPERATING RATINGS 

States rate bridges, at their discretion, at either the inventory rating (55 percent of the yield 
stress), or the operating rating (75 percent of the yield stress)3. Of course, bridges are never 
intentionally loaded to yield stress in order to provide an adequate margin of safety. The design 
stress level for bridges is based on an operating rating ofSS percc:nt of yield stress. These two 
ratings are also used for posting bridges; either may be used under the American Association of 
State Highway and Transportation Officials (AASIITO) guidelines, at the option of the State. A 
bridge is posted with a sign when it is determined that a vehicle above the specified weight would 
overstress the bridge. This weight could be that which stresses the bridge at the SS percent or 75 
percent level, whichever practice the State chooses to use. 

3 Accxlrding to the AASIITO Manual for .Mainb!nant% Jnspeclion of Highway Bridgu (1983) m opea~ rating is 
dc6ncd as RF= 0.75-D/L(l+I) wbc:re RF= rating factor arrived at with the equation O.SSR= D + L (1 + I) where R= 
the limiting stress ( often the stress at which stcc1 will undc:rgo pc:rmancm deformation. or "yiddj, D= stress due to 
dead load (the effect of gravity co~ caDJ,.oocnts). L= stress due to live load (vchidcs on the bridge), I= an 
adjustment to the static effect aflivc loads to account for dynamic effects. An DM:Dtcxy bridge rating is arivai 11 by 
selecting the most highly stre.w:d bridgt; cowpwent and insc:rting the rating factor (RF) into the Equation. RF= 
O.SSR- D/L(l + I), as a multiplia- 011 the live load af tbe rating truck. 
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As States have the option to use either rating for posting, both ratings have been used in past 
studies to assess the bridge impacts for illustrative TS&W scenarios (see Volume Ill). This is 
important as there are significant differences in costs that result from choice of rating. Use of the 
lower stress level (inventory rating) results in more bridges in need of upgrading and, therefore, 
more costs associated with an increased weight or decreased length limit.• 

Following the reviews of 1RB Special Reports 225 and 227 (two studies of TS&W limit 
changes) the FHW A determined that the stress level most representative of all State bridge 
posting practices was the inventory rating (55 percent of the yield stress) plus 25 percent, which 
gives a level of68.8 percent of yield stress. FHWA used this 68.8 percent of yield to estimate the 
bridge cost impacts ofLCVs. The resulting cost estimate reported by FHW A in May 1991 was 
much closer to the estimate based on the 75 percent rating, the TRB findings in Special &ports 
225and227. 

For this current Study, two new stress levels based on the design loading for the bridge in 
question were chosen-inventory rating plus 5 percent for the HS-20 loading and the inventory 
rating plus 30 percent for the H-15 loading. These two bridge stress criteria are the same as used 
in the current Federal bridge formula. Bridges are not generally in need of replacement when 
trucks meet the Federal bridge formula, as long as they are properly maintained. Selection of 
bridge evaluation criteria affects the total number of bridges determined to be deficient and 
associated costs in the analysis of alternative TS&W scenarios (see CTS&W Study Volume m, 
forthcoming). 

Codes developed by AASHTO specify vehicles to represent a broad range of trucks operating at 
legal weight limits. An H-15 bridge is designed to allow a two-axle truck with a total GVW of 15 
tons (30,000 pounds), distnl>uted with 6,000 pounds on the first axle and 24,000 pounds on the 
second, and axle spacing of 14 feet. An HS-20 bridge is designed to allow a semitrailer 
combination with a GVW of36 tons (72,000 pounds) with 8,000 pounds on the tractor's steering 
axle and 32,000 pounds each on the tractor drive axle and trailer axle. The HS-20 load has a 
variable axle spacing of 14 feet to 30 feet from the drive to the trailer axle to better cover worst­
case situations for continuous spans. 

BRIDGE STRESS CRITERIA 

Bridge stresses caused by vehicles depend on both the GVW and the distances between the axles 
which act as point loads. Trucks having equal weight but different wheelbases produce different 
bridge stresses. The shorter the wheelbase the greater the stress. On a simple span bridge The 
length of a truck relative to the length of bridge span is also important. For relatively short spans 

4 The 1RB Special &ports 225, Trvck Weight Limits: bnles and OptioM and 227, New Truda for ~aur 
Produelivity and Les.s Road Wear: an Evalualion of the Trtrner Proposal tsirnated the bridge costs of the TS&W 
changes uodc:r study based on the operating rating of 7 5 percent of yield stress, whereas reviewers of those report<; 
found much higha bridge costs resulting from the use of the inventory rating of 5S percent of yield stress. 
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(20 feet to 40 feet), all axles of a truck combination will not be on the bridge at the same time. 
The maximum bending moments determine stresses in the main load-carrying members of simple­
span bridges. 

Figure VI-1 shows the maximum bending moments, by span lengths between 40 feet and 160 feet, 
for two trucks: a 50,000-pound single unit truck with a wheelbase of 19 feet, and an 80,000-
pound combination with a wheelbase of 54 feet. For shorter bridges, the 50,000-pound single 
unit truck produces slightly higher stresses than the 80,000-pound combination; however, for 
longer bridges the combination produces higher stresses. 

Also, estimates of bridge cost impacts ofTS&W changes are very sensitive to assumptions 
regarding acceptable levels of stress on bridges. The inventory rating approach, used by some 
States, is considerably more conservative than the operating rating approach, used by other 
States. The inventory rating-equivalent to the design load, which produces a stress of 55 percent 
of the yield stress-results in no overstress. In comparison, the Federal bridge formula allows up 
to 5 percent overstresses on HS-20 bridges and 30 percent overstresses on H-15 bridges. The 
operating rating by allowing 75 percent of yield allows 36 percent more stress than the design 
load. 

CONSIDERATIONS RELATED TO BRIDGE REGULATION 

Only bridge overstress was considered in evaluating the effects of changes in TS&W limits on 
bridges; fatigue has not been evaluated (see Volume Ill). Overstress creates the poSS1l>ility of 
severe damage and possible collapse caused b-y a single extrem~ loading event. Fatigue produces 
the cumulative damage caused by thousands and even millions ofload passages, which can 
damage some of the more fragile elements of a bridge. 
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FIGUREVl-1 
MAXIMUM BENDING MOMENTS ON A SIMPLE SPAN BRIDGE 

50,000 pound Straight Truck vs. 80,000 pound Truck Combination 
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OVERSTRESS CRITERIA AND LEVEL OF RISK 

The level of risk to accept in determining acceptable loadinw;. for a given bridge, or acceptable 
bridge design requirements for given loadings, is an element ofTS&W regulation. A less 
conservative bridge formula which did not preserve the underlying Bridge Formula B (BFB) 
criteria would reduce the-margin of safety, thereby increasing somewhat the likelihood of bridge 
damage due to overstress. An overstress sufficient to damage a bridge would necessitate bridge 
repair and/or replacement sooner than anticipated. 

BRIDGE FATIGUE 

Another factor to be considered is fatigue life which is related to rei,etilive loadings. Each truck 
crossing produces one or more stress cycles in bridge components, which use up a portion of the 
components' fatigue lives. The magnitude of stress depends on vehicle weight and the size of the 
bridge component. The occurrence of a fatigue failure is signaled by cracks developing at points 
of high stress concentration. 
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Generally, only steel bridges are susceptible to fatigue, although some studies suggest that 
commonly used prestressed concrete spans, if overloaded, are also susceptible to fatigue damage. 
The governing damage law for steel components_has a third-power relationship between stress . 
and damage, so that a doubling of stress causes an eight-fold increase in damage.' 

Bridge details that are particularly suscepul>le to fatigue include weld connections in tension 
zones, pin and hanger as~lies, and cover plates on the bottom flanges of steel beams.' Many 
fatigue failures result from stresses induced indirectly by the distortion of the structure due to 
poor design details or unforeseen restraints. Most steel cracks reported to date probably fall into 
the category of distortion induced. Some of the worst cletai]ing can be corrected by repair and 
retrofit. 

BRIDGE FORMULA B 

In addition to axle and maximum GVW limits for Interstate highways. Federal law adopted Bridge 
Fomwla B (BFB) that restricts the maximum weight allowed on any group of consecutive axles 
based on the number of axles in the group and the distance from the first to the last axle. 

AASHO proposed the formula concept in the 1940s. It was further developed and presented in a 
1964 report to Congress from the Secretary of Commerce. The study7 recommended a table of 
maximum weights for axle groups to protect bridges (see Appendix A). The values in the table 
are derived from the following fomwla, that is, BFB: 

where: 

W = 500 [ L N I ( N - 1) + 12 N + 36] 

Wis the maximum weight in pounds carried on any group of two or more consecutive 
axles 

L is the distance in feet between the extremes of the axle group 

N is the number of axles in the axle group 

' Fis.icr, 1m. 

' AASIITO spccificatiom give diff'crcnt allowable fatigue stresses for diffi:n:nt categories of detail. These fatigue 
rules were initiated in the mid-I 960s, tbcrc:forc many older bridges wac DCW"" c:hecked during their original design 
for fatigue life. Further, the AASIITO fatigue rules apply to welded and bolted details with stresses induced ,tirectly 
by load pmuges. (Moses, 1989) 

1 Mamruan De.suable Dimauio,u and Weighl.f of Vehiclu Operated on the Feduai-Aid SJ1$tem, 1964 Study Report 
to Congress. U.S. Dcpartmc:ot afC.@111,ccn:c. 
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Federal law specifies exceptions to BFB result given by the above formula: 68,000 pounds may 
be carried on tandem axles spaced at least 36 feet apart, and a single set ofa tandem axle spread 
no more than 8 feet is limited to 34,000 pounds. -

In 1974, Congress.adopted BFB, when it increased the GVW limit to 80,000 pounds and the 
limits on single and tandem axles to 20,000 and 34,000 pounds, respectively. BFB is based on 
assumptions about the amount by which the design loading can be safely exceeded for different 
bridge designs. Specifically, this formula was designed to avoid overstressing HS-20 bridges by 
more than 5 percent and H-15 bridges by more than 30 percent. 

The FHW A established a bridge stress level of not more than 5 percent over the design stress for 
HS-20 bridges to preserve the significantly large investment in HS-20 bridges by Federal, State, 
and local governments, and because these bridges carry high volumes of truck traffic. Although a 
level of up to 30 percent is considered to be a safe level for overstressing an H-15 bridge in good 
condition, the fatigue lives of these structures may be shortened by repeated loadings at this level. 

BFB reflects the fact that increasing the spacing between axles generally results in less 
concentrated loadings and lower stresses in bridge members. For example, the bridge formula 
would allow a three-axle truck with a wheelbase of20 feet to operate at 51,000 pounds. If the 
wheelbase of this truck is increased to 24 feet, then the maximum weight allowed under BFB 
would increase to 54,000 pounds. 

BFB also allows more weight to be carried as the number of axles is increased. For example, if a 
fourth axle is added to a three-axle truck with a wheelbase of 20 feet, the maxiuwm weight 
allowed under BFB is increased from 51,000 pounds to 55,500 pounds. Increasing the number of 
axles in an axle group without increasing the overall length of the group has very little benefit to 
reducing stress for bridges. However, more axles do provide substantial benefits to pavements. 

POTENTIAL ALTERNATIVES TO BRIDGE FORMULA B 

BFB is not just one formula but rather a series of formulas with the appropriate one chosen by a 
parameter, N, the number of axles in the group in question. However, bridge stress is affected 
more by the total amount of load than with the number of axles. Thus BFB is not effective in 
modeling the actual physical phenomenon and results in loads that O'\'CISbess bridges by more 
than intended. More importantly, it encourages the addition of axles to obtain more payload even 
though one or both the bridge stress criteria are exceeded. At other times it inbl"bits the 
attainment of legitimate stress levels by the mathematical construct of the controlling equation. In 
summary, BFB actually results in overstressing some of the bridges it is intended to protect. BFB 
is not true to its own criteria. 

DRAFT 06/06/97 VI-11 1997 U.S. DOT Comprcbcnsivc TS&W Study 



Over the years, there have been a number of proposals to revise the Federal bridge formula. 
However, significant areas of concern have been identified with respect to the alternatives as well. 
The following discussion elaborates on three altematives that have been proposed in recent years: 

TRANSPORTATION RESEARCH BOARD ALTERNATIVE 

In 1990, the Transportation Research Board (TRB)1 recommended adoption of the formula 
developed by Texas Transportation Institute (TTI) that would allow a 5 percent overstress for 
HS-20 bridges, in conjunction with existing Federal axle limits for vehicles with GVWs of 80,000 
pounds or less. The TRB report further recommended that the BFB continue to be applied to 
vehicles weighing more than 80,000 pounds. The effect of this proposal would be an increase in 
maximum weights allowed for shorter vehicles, while the maximum weight limits for the longer 
wheelbase trucks would remain unchanged. It was asserted that the TTI formula was overly 
conservative at heavier weights. 

The TTI formula is in the form of two equations for straight lines that meet at a wheelbase length 
of 56 feet. For wheelbases less than 56 feet, it is: 

W = 1,000(L + 34) 

For wheelbases equal to or greater than 56 feet, it is: 

W = l,OOO(L + 62) 

where: W = allowable weight 
L = wheel base for the truck configuration. 

AMERICAN ASSOCIATION OF STATE HIGHWAY & TRANSPORTATION OFFICIALS 
ALTERNATIVE 

In 1993, AASHTO issued a report which reoomrnended that its member committees: (1) evaluate 
Nationwide adoption of the TTI bridge formula as a replacement for Bridge Formula B; 
(2) consider a limit on maximum extreme axle spacing of73 feet in the short-term; (3) retain the 
existing single- and tandem-axle limits; ( 4) control tridem axle weights, and the special pennitting 

1 1990 TRB Special Report 225, Tn1ck Weight Limits: bn,u and Optiom. 
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of vehicles with GVWs more than 80,000 pounds, with the original rn Bridge Formula' which 
protects both H-15 and HS-20 bridges, as opposed to the TTI formula mentioned above, which 
protects only HS-20 bridges. -

GHOSN ALTERNATIVE 

In 1995 a research study for FHW A by Michael Ghosn et al.10
, City College of the City University 

ofNew York was published proposing a new formula based on structural reliability theory as a 
replacement for BFB. Structural reliability theory more explicitly accounts for the uncertainties 
associated with bridge design and load evaluation. The proposed formula, however is 
considerably more permissive than BFB, when applied to long vehicles. The proposed fonnula 
results in bridge stresses that are well above the criteria selected for this Study. Therefore, it was 
not considered. 

DIRECT COMPUTATION OF ALLOWABLE WEIGHTS BASED ON BFB STRESS 
CRITERIA 

Original research conducted for this Study suggests that a series oflook-up tables may be 
developed that are based on the underlying stress criteria for BFB, that is: a maximum overstress 
of 5 percent for HS-20 bridges, and 30 percent for H-15 bridges. These stresses were computed 
for both simple and continuous spans for the most critical span lengths for the truck configuration. 
The BFB and TIT formulas are based only on simple spans. As a consequence. some continuous 
span bridges are stressed beyond the stress criteria on which the Federal and TTI formulas are 
based. 

The look-up tables are generated through application of user friendly computer programs. The 
following discussion illustrates how this approach might be applied to three vehicles: (1) a tractor­
semitrailer combination vehicle with a three-axle tractor and two-axle semitrailer; (2) a tractor­
semitrailer combination vehicle with a three-axle tractor and a semitrailer with a tridem- axle 
group; and (3) a Rocky Mountain Double (RMD). 

Illustrative Table VI-2 presents the weight values for the five-axle tractor-semitrailer with a 
three-axle tractor and two-axle semitrailer under the BFB, TIT and BFB Stress Criteria and 
Figure VI-2 graphically displays the maximum GVW. 

9 The rcc,;.1111111enda1ion was reviewed by the AASHIO Highway Subcommittc:cs on Bridges and Structmes and 
Highway Transport. accepted in resolution form and approved by the Standing Committee on Highways. The 
AASIITO Board ofDircc:tors considered the rccommcndations at its 1996 Fall meeting. The Board ccprcacd 
c:oocc:rn that the impact on pavements was not adequately addressed mo Tffll8Ddcd it for further amsidcration to the 
Subcommittc:cs on Design and on Bridges and Structures. It is anticipated the Board will recoosjder the 
recnmmcndations in 1997. 

10 "Bridge Ovc:rsb'cs.$ Criteria," Michael Goshn, Charles CT SchiJling, Fred Moses, and Gary Rllnco, The City College 
of the City University of New York for the Federal Highway Administration, W ashingtoo, D.C., Msy, 1995. 
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TABLEVl-2 
MAXIMUM GVW FOR FIVE-AXLE SEMITRAILER COMBINA110N APPL YING 

BFB, TTI, AND BFB STRESS CRITERIA 
22.5' TradDr Wheelbase. 52• Tractor Tandem Spread, and 41• Trailer Tandem Spread 

66..5 6,.1 71.4 '79..5 IO.0 

61.0 66.1 72.9 IO.0 IO.0 

61.0 67.1 74.4 IO.0 IO.0 

61.0 61.1 7'.7 IO.O IO.0 

69.0 69.1 77.1 IO.O l0.0 

'70.0 '70.1 71.4 IO.O IO.0 

71.0 71.l '79.7 IO.O l0.0 

71..5 72.1 IO.0 IO.O l0.0 

72.0 73.1 IO.O IO.O IO.0 

72.0 74.l IO.O IO.O IO.0 

73..5 7'.l IO.O IO.0 IO.0 

74.0 76.1 l0.0 IO.0 l0.0 

74..5 77.1 l0.0 l0.0 IO.0 

?S.0 71.1 .,_o IO.0 IO.0 

76.0 '79.l l0.0 IO.O l0.0 

76..5 l0.0 l0.0 IO.O l0.0 

77..5 IO.0 l0.0 IO.0 l0.0 

71.0 IO.0 .,_o .,_o .,_o 
71.0 IO.0 IO.0 

IO.0 

l0.0 

l0.0 

IO.0 

l0.0 

IO.0 

l0.0 

IO.0 

IO.O 

IO.0 

IO.0 

IO.0 

IO.0 

l0.0 

IO.0 

IO.0 

IO.0 

l0.0 
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FIGUREVl-2 
COMPARISON FOR FIVE-AXLE SEMITRAILER COMBINATION 
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Illustrative Table VI-3 and Figure VI-3 have been created for a tractor-semitrailer combination 
vehicle with a three-axle tractor and a semitrailer supported at the rear by a tridem-axle group. In 
the case of the six-axle semitrailer, both the tractor wheelbase and semitrailer length are varied 
(common desaiptive dimensions). Table VI-3 provides the GVW allowed under three formulas. · 
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TAB.LEVl-3 
MAXIMUM GVW FOR SIX-AXLE SEMITRAILER COMBINATION APPL YING 

BFB, TTI, AND BFB STRESS CRITERIA 
Z2.I" TRACTOR-wt,,,EEI BASE 

'710 '5.1 "'2 i~w.m~W:i au &J.1 

72.! "-1 6'7~ ..... 14.1 

73.0 6'7.1 8.1 14.S l!U 

'73.0 a.J. '71.5 IU "'1 

'74.S 8.1 '7U 15.5 17.1 

'75.1 '7U '7M ... II.I 

'7U '71.1 '75.2 .., .. It.I 

'7'-5 '72.J. ''-' 1'7.5 ,u 

'7'7.8 '73.1 '7M as '1.1 

'7'7.5 ,~ .... ., .. '1.1 

,.,. 15..1 IL5 It.! '1.1 

,, .. '7'-1 a., ,... '1.1 

7'.5 '7'7.1 M.5 ,e,s '1.1 

ID.I '71.l 15.J ,u '1.1 

I0.5 7'.1 K.2 ,u '1.1 

11.0 IIL1 17.1 ,u '1.1 

12.0 ILi ru ,u '1.1 

12.S 12.1 &'7 ,u '1.1 

.... 
&2 

11.J 

a5 

IU 

., .. 
lt.5 

,0.0 . ., 
flA 

'2..3 

'3.3 

Ml 

"" 
"" 
"" 
"" 
"" 
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FIGUREVl-3 
COMPARISON FOR SIX-AXLE-SEMITRAILER COMBINATION 

(22.5' Tractor-Wheelbase) 
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Illustrative Table VI-4 and Figure Vl-4 present the values and charts the results for the Rock-1 
Mountain double (RMD) combination which is a tractor-semitrailer combination with a three-axle 
tractor pulling a two-axle semitrailer and a ~e full trailer. In the case of the RMD, the 
tractor and semitrailer length are varied, with the trailer remaining fixed at 28 feet. The limiting 
axle loads and maximum GVW for the entire vehicle are easily read from a table. This approach 
negates the need to compute the many axle group combinations inherent in the use of the existing 
and proposed formulas (which can amount to as many as 36 different combinations in the case of 
a nine-axle vehicle). 

TABLE VI-' 
MAXIMUM GVW FOR RMD WITH SEMITRAILER OF VARIABLE LENGTH AND 21• TRAILER 

APPL YING BFB, TT1, AND BFB STRESS CRITERIA 
Tractor A• 182 feet or Tractor B • 22.5 feet 

liilit■i-•i:aj 
1DI.I .... 111.11 107.J 111.A 112 

111 110 ....... 107.1 111.1 112A 

110.1 110.I 111.11 1IU 112A 11S 

111 111 111.1 10I.I 112.1 11M 

111 111 107.1 111.J 11M 114 

111 111 107.1 .... 11S.I 114.A 

111 111 111.1 111.1 114.A 111 

111 111 111.1 110.1 11'.I 111.A 

111 111 111.1 11U 11U 111 

111 111 1N.I 11U 11U 111A 

111 111 110.1 112.2 111.2 11U 

111 111 110.1 112.2 111.1 117 

111 111 111.1 112.2 117 117 

111 111 111.1 112.2 117 117 

111 111 112.1 112.2 117 117 

111 111 112.2 112.2 117 117 

111 111 112.2 112.2 117 117 
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FIGUREVM 
RMD GVW COMPARISON CHART: BFB, m, BFB STRESS CRITERIA 

Tractor A= 18.Z feet Tractor B= %2.5 feet 

Rocky Mountain Doubles 
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Combination with Tractor A designated with A or Tractor B designated with B 

The pr~ing charts clearly indicate the relationship between the controls for BFB, m and BFB 
Stress formula. The degree to which BFB and TII correlate with the criteria on which they are 
based is clearly seen. Table VI-S summariz.es the findings based on application of the BFB, TI1, 
and BFB Stress Criteria to the three illustrative truck configurations: (I) the five-axle tractor­
semitrailer (3-S2); (2) the six-axle tractor-semitrailer (3-S3); and the RMD. 
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In summary, there is significant variation in the results (cmves) that is dependent on vehicle 
configuration. In general, the ITI formula is better match than the BFB fommla for bridges and 
there is a significant amount of load capacity available before limits are exceeded for the three . 
configurations. However, this is not the case for the largest vehicles-the BFB allows too much · 
weight for turnpike doubles. The TII cwve for that vehicle is on the low side of the BFB Stress 
Criteria cwve. Also, the BFB formula is too hl>eral for multi-axle short straight trucks. 

There are demonstrative benefits to adhering to the criteria on which BFB is based, and 
incorporating the consideration of continuous beams into the control Tools, such as user friendly 
computer programs can be used to assess allowable Joacting oonfigurations for any vehicle, and 
standard (bridge formula) tables for the more common vehicles can be generated and made 
available. 

The alternative descnl>ed in this section squarely addresses the documented drawbacks of BFB 
and provides a basis for truck weight control that conforms to the criteria upon which both BFB 
and TTI are based but do not adhere to. 

It should be noted that Federal BFB, by design, incorporates a degree of control for pavement 
damage by explicitly including the number of axles in the formula. The rn and the BFB Stress 
Criteria formulas indirectly control for pavement damage by adhering to axle weight limits-the 
higher GVW limits, such as for LCV s. require more axles to avoid exC"tt1iing axle limits. 

The quantitative analyses in CTS&W Study Volume m evaluate other options that are not 
constrained to the BFB stress criteria. Allowable weight for other stress levels could be easily 
devdoped using the same methods used to develop the BFB stress aiteria weights . 

PAVEMENT IMPACTS 

The condition and performance of highway pavement is dependent on many factors, including: 
thickness of the various pavement layers, quality of construction materials and practices, 
maintenance, properties of the roadbed soil, environmental conditions (most importantly rainfall 
and temperature). and the number and weights of axle loads to which the pavements are 
subjected. 11 

11 TRB Special Report 225, Truck Weigh/ Limits: Iuuu and Oplimu, 1990. 
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IMPACT OF AXLES 

WEIGHT 

Load equivalency factors, such as equivalent single-axle loads (ESAL ), measure the relative 
effects of different types of loadings on pavements. Pavement engineers generally use the concept 
of an ESAL to measure the effects of axle loads on pavement. By convention, an 18,000-pound 
single axle equals 1. 0 ESAL. The ESAL values for other axles express their effect on pavement 
wear relative to the 18,000-pound single axle. The effect ofa given vehicle on pavements can be 
efflrnated by calculating the number ofESALs for each axle, adding the ESALs to obtain the total 
ESALs for the vehicle. For example, if a given vehicle on a given type of pavement is 3 .0 ESALs, 
then one pass by the vehicle has the same effect on that pavement as three passes by an 18,000-
pound single axle. 

AASHTO provides separate sets ofESAL values for flexi'ble and rigid pavements. The principal 
difference between the flexible and rigid pavement ESAL values is that tandem axles were found 
to have a greater effect on rigid pavements as Figures VI-S and VI-6 illustrate. For example, a 
34,000-pound tandem axle is about l. 1 ESALs on flexible pavement and about 2.0 ESALs on 
rigid pavements. The same is true of single axles. 
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FIGUREVl-5 
AXLE LOAD EFFECTS ON FLEXIBLE PAVEMENT 
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FIGUREVl-6 
AXLE LOAD EFFECT ON RIGID PAVEMENT 
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While pavement engineers traditionally have used ESAL facto~ estimated from the AASHO 
Road Test as the basis for designing pavements, there is increasing recognition that better 
relationships between axle load and pavement wear are needed. Pavement distress models used in 
both the 1982 and the 1997 Federal HCA Study abandoned the use ofESALs to relate axle 
loading to pavement wear, and AASHTO will be replacing its ESAL-based pavement design 
formula with one that more directly relates axle loads to factors that determine pavement life. 
While ESALs are not used as the basis for estimating pavement costs associated with different 
TS& W scenarios, they are widely understood by highway administrators, pavement engineers, 
and others concerned about pavement impacts of TS&W scenarios and will be used as a 
benchmark for comparing relative pavement impacts among different truck configurations with 
different numbers and types of axles. 

Pavement wear increases sharply with increases in axle load. On both flexible and rigid 
pavements, the load-equivalence filctor for a 20,000-pound single axle is about LS. Thus, 100 
passes across a pavement by a 20,000-pound axle would have the same effect on pavement life as 
150 passes by an 18,000-pound axle. 
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The number of axles is also important in estimating pavement impact: other things being equal, a 
vehicle with more axles has less effect on pavements. For example, a nine-axle combination 
vehicle carrying 80,000 pounds has less of an effCGt on pavements than a five-axle combination 
vehicle carrying 80,000 pounds. A significant amount of additional weight can be carried by the · 
nine-axle vehicle without causing greater pavement cnruzumption relative to the five-axle vehicle. 
A comparison of vehicles in terms ofESALs provides information on load-related pavement 
impact, but it does not &ctor in an offsetting benefit gained by a reduction in the number of trips 
required to transport the same amount of freight. Vehicles are often compared in terms of ESALs 
per unit of freight earned as a means of filctoring in the reduction in pavement wear from fewer 
trips. 

The increase in pavement costs per added ESAL mile can vary by several orders of magnitude 
depending upon pavement thickness, quality of construction, and season of the year. Thinner 
pavements are much more wlnerable to traffic loadings than thicker pavements12

• Additionally, 
pavements are much more wlnerable to traffic loadingc during spring thaw in areas that are 
subject to ftec2.e-thaw cycles. 

AXLE SPACING 

The primary load effect of axle spacing on flexible pavement performance is fatigue. Axle 
spacing is a major concern for fatigue. When widely separated loads are brought closer together, 
the stresses they impart to the pavement structure begin to overlap and they cease to act as 
separate entities. While the maximum deflection of the pavement surface continues to increase as 
axle spacing is reduced, maximum tensile stress at the underside of the sudace layer ( considered 
to be a primary cause of fatigue cracking) can actuaJly decrease as axle spacing is reduced. 
However, effects of the overlapping stress contours also include inaeasing the duration of the 
loading period. Thus, the beneficial effects of stress reduction are offset to some largely unknown 
degree by an increase in the time or duration ofloading The net effect of changes in axle spacing 
on pavement wear is complex and highly dependent on the nature of the pavement structure.13 

12 Results of a study by Hutcbrnsm and a., cx.mpme the ~ md marginal costs pc:r ESAL CD highways with 
500,000 ESAu per year and 2,000,000 ESALs per year. They indicalc the cost per ESAL for highways with 
S00,00 ESALs is almost four times as grc:at as the cost pc:r ESAL CD~ de,igncd for 2,000,000 ESALs. One 
important implicati011 of this finding is that a policy that c:ncouragcs bca\y trucks to shift from highways with thicker 
pavements, such as the lntcrstatc or NHS. to highways with thinner pavmx:nt can have a significant impact CD 

pavc:mcnt costs. 

13 TRB Special &port 22.5, Truck W~ighl Limib: lur1u and Oplimu, 1990. 
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TIRE CHARACTERISTICS 

In recent years several studies on the impact of tire-characteristics on pavement have raised 
concern over the possibility of accelerated pavement wear, particularly rutting, caused by 
increasing tire pressures. The tires of the AASHO Road Test trucks of the 1950s were bias-ply 
construction with iliflation pressures between 75 pounds and 80 pounds per square inch (psi). 
The replacement of bias-ply tires with radial tires and higher inflation pressures, averaging 100 
psi14, result in a smaller size tire "footprint" on the pavement and consequently concentration of 
weight over a smaller area. The increased pressures hasten the wear of flexiole pavements, 
increasing both the rate of rutting and the rate of cracking. 

The AASHI'O load-equivalency factors strictly apply only to axles supported at each end by dual 
tires. Recent increases in steering-axle loadings and more extensive use of single tires on load­
bearing axles have precipitated efforts to examine the effect on pavement wear of substituting 
single for dual tires. Both standard and wide-based tires have been considered. Past 
investigations of the pavement wear effects of single versus dual tires have found that single ·tires 
induce more pavement wear than dual tires, but that the differential wear effect dimjnisbes with 
increases in pavement stiffi,ess, in the width of the single tire. and in tire load.15 

A general finding from the studies is that wide-base single tires appear to cause about 1.5 times 
more rutting than dual tires on roadways that do not possess good resistance qualities to rutting, 
such as fle,aole pavement, by far the most common type of pavement. Another finding is that one 
of the wheels in a dual tire assembly is frequently overloaded due to the road and that the average 
overload causes an increase in rutting similar to that caused by wide-based single and dual tire 
assemblies. Therefore, the real advantage of dual tire assemblies is undoubtedly lower than the 
theoretical advantage attnouted to their use.16 

u A Sludy by Bartholomew (1989) summarized surveys of tire pressure cxmducted in~ States between 1984 and 
1986 aod found that 70 to 80 pc:rccn1 of the 1rUclc tires used were radials and that ava-age tire prcssmcs were about 
lOOpsi. 

15 Gillespie (1993) found that a steering axle carrying 12,000 pounds with caovcotional single tires is morT' damaging 
to flexible pavements than a 20,000-pouod axle with conventional dual tires. Gillespi.. pioposed that road damage 
from an 80,000-pound vehicle C01Dbination would be deacascd by approximately 10 pcrrmt if• mandated load 
distribution of 10,000 ~ 011 the steering axle and 35,000 pounds an tandems Since the operating weight 
distnbution of a :five-axle tractcr-sc:mitrailcr at 80,000 pounds GVW gcocrally bas less than 11,000 pounds on the 
steering axle. the practical c:ffect of the proposal would be to inacasc tandem axle wc:ights without a compc:nsating 
dccn:asc: in st.ec:ring axle weigbls. 

16 Conflicting results were reported by Akram, c:t. al. They used multi-depth dctlec:tometcn to esrirnate the damage 
c:ffccts of dual versus wide-based tires. Deflections measures at several depths within the pavement undi:r' dual and 
wide-base single tires were used to calculaic average vertical compressh,.:: strains. The Asphalt Jnstitutc's (Al) 
subgradc limiting strain critc:ria were then used to estimate the reduction in pavement life that will occur by using the 
wide-based single tires in place of duals. A1 a speed of 55 miles per hour, and cquivalc:at axle loading, the Al found 
that the wide-based single tires (trailer axle) reduced the anticipated pavcmc:nt life by a factor between 25 and 2.8 
over that predicted for standard dual tires. 
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Based upon past studies single tires have more adverse effects on pavements than dual tires, it 
appears likely that past investigations have overstated the adverse effects of single tires17 by 
neglecting two potentially important effects: (1) unbalanced loads between the two tires of a dual 
set, and (2) the effect of randomness in the lateral placement of the truck on the highway. 
Unbalanced loads between the tires of a dual set can occur as a result of unequal tire pressures, 
uneven tire wear, and pavement crown. As with unequal loads on axles within a multi-axle group, 
pavement wear increases as the loads on the two dual tires become more unbalanced. 

The second neglected &ctor, sometimes termed "wander," is the effect of randomness in the 
lateral placement of trucks within and sometimes beyond lane boundaries. Less perfect tracking is 
beneficial to pavement wear, as the fatiguing effect i.~ diminished because the repetitive traffic 
loads are distributed over wider areas of the pavement surface. Because the greater oyera)l width 
of dual tires naturally subjects a greater width of pavement to destructive stresses, wander is 
expected to have a smaller beneficial effect for dual than for single tires. Once rutting begins, 
however, tires, especially radial tires, tend to remain in the rut, thereby greatly reducing the 
beneficial effects of wander for both single and dual tires11 (see Fagure VI-7). 

The TRB Special Report 225 found that without wander, the ESAL equivalent for an 18,000-
pound axle with single tires wac estimated to be 2.23. When wander with a standard deviation of 
8 inches is assumed, the ESAL equivalent drops to 1.31. At least for the plus or minus S percent 

case considered in this study, the effects of imbalance in dual-tire sets on ESALs were found to be 
very small relative to the effect of wander. 

17 Bmc:r (1994) sammariz.cd sm:ral m:mt studies 0ll the dfccts of single va-sus dual tires: .. Smith (1989). in a 
synthesis of~ studies. .. evaluated at 1.5 oo average tbc rellticmhip af tbc damage camcd by wide buc single 
assemblies and that cauaed by nctitimal dual tire assemblies with idmtical. loading at the axle. Scbuly and 
T abataec (1 m) found rutting damage ratios betwrm wide buc and dual tire a.wmblics varying betwrm 1.4 and 
1.6 ... .Booaquist (Im). rq,cxting m n:sults obtained from a study ... oo two types of roadway, using a dual tire 
assembly with 11 R 22.5 and a wide buc with 425/65 R22.5, mdicat.cs rutting damage ratios varying from 1.1 to 
1.S, depcndmg on the layers of the roadway . ., 

11 The TRB SpeciJJJ Report 22"i examined 1bc impmmce of loading imbalance and wander. The TRB study e:x:crniocd 
two types of pavcmcot wear: suzfacc mclcing due to fatigue and pc::rrnaoc:nt tic:formati011 or rutting in tbc wheel 
tracks. Fatigue was found to be mcre 9e:DSitive to the di1famccs betwcc:n single and dual tires thm ratting. Both 
balanced and unbalanced dual-tile loads wa"I" ooosida-ed in analyzing the affect m wander. The analysis indicated 
that the adverse effects of single tires m pavancnt wear wc:rc reduced wbc:n wmdc:r was taken into account, 
although the effects wac still significant 
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Another consideration in evaluating wide-base single versus dual tires is dynamic loadings that 
arise from the vertical movement of the truck caused by surface roughness. Tiws, peak loads are 
applied to the pavement that are greater than the a~rage static load. 19 Signs of pavement damage 
from dynamic loadings are typically locaJiz;ed, at least initially. Because of the lncaliz.ed nature of 
the dynamic loading, its severity is much greater than previously thought. 20 A further note on 
wide-base single tires is that those having only two sidewalls are much more flexible than a pair of 
dual tires with four sidewalls, which means the tire absorbs more of the dynamic bouncing of the 
truck and less of the dynamic load is transmitted to the pavement. 

19 From rcscarch summamed by the Midwest Rescardi Institute (MRI) that suggests dynamic loadings are a 
comidc'ation in •sscssing the rclativc merits of wide hue single versos dual tires. Gyeoes and Mitchell report that 
the magnitude of the add£d dynamic OI CliliOOCIJts WU earlier thought to inacasc road damage over that of the static 
loading alone betwrm 13 and 38 pcrccnt, according to fC90ll'dl reported by Eisc:nrnaoo The MRI research noted 
that mmy recent studies have pointed out the fallacy in the cariicr work, whicr ■ssnmrd that the dynamic compoocnt 
of loading was distributed unifcxmly ow:r the pavancnt in the direction of travel The fC90ll'dl found. howcvcr that 
the dynamic cowpouent is v=y Jocalivd, .arising out of paw:mcot surfac:c in'cgularities and therefore is spatially 
corrclatcd with these irregularities. 

20 Gillespie, et.al. estimate that damage due to the combination of static and dynamic loading can be two to four times 
that due to static loading locally. Von Beda:r csrirnetes t'bc combined loading produces a "shock factor" betwrm 1.3 
and 1.55, dcpc:Dding upon suspc:nsi.on cbancteristics. Applying the fourth power law would trmslatc these figures 
into relative damage cstirn•tcs ranging from 2.8 to 4.8 times the static loading damage. Gycncs and Mitchell suggest 
impact factors in the range of 1.3 to 1.5 for relative damage cstirnatcs of2.8 to 5.1. 
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FIGUREVl-7 
THE EFFECT OF SINGLE TIRES VS DUAL TIRES ON PAVEMENT 

18,000 pound Single Axle (wander is in standard deviations) 
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Source: TRB Special Report 225, Truck Weig)t Uma: lssuu and Options 
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SUSPENSION SYSTEMS 

The subject ofroad-fiiendly suspensions (within the context of the broader subject ofvehicle­
pavement interaction) is under intensive research by an Organmu:ion for Economic Cooperation 
and Development (OECD) project involving the United States and 16 other countries.21 The 
work is focusing on: (I) how well different suspension systemS can distnbute load between axles 
in a group (the more evenly, the better); (2) how well different suspension systems dampen 
vertical dynamic loads (the more, the better); and (3) spatial repeatability of dynamic loads. 
Related considerations are examining how road and bridge characteristics act to excite a truck, 
and in tum influence the loads received by the road and bridge. 

Recent research22 on the role that suspension damping plays in enhancing the road fiiendliness of a 
heavy vehicle found that an increase in linear suspcosion damping tends to reduce the dynamic 
load coefficient and the dynamic tire forces, factors related to road wear. a conclusion was made 
that linear and air spring suspensions with light linear damping offer significant potentials to 
enhance the road fiieodJiness of the vehicle with a slight deterioration in ride quality.23 It is worth 
noting that approxirnarely 90 percent of all truck tractors and 70 percent of all van trailers sold in 
the United States arc equipped with air suspensions. Additional studies on various types of axle 
suspension systems include studies on: torsion suspensions, four-leaf suspensions, and walking­
bearn suspensions. 2' 

The research has yet to produce any compelling argument to incorporate a suspension system 
determinant into United States regulations although some countries have done so. Mexico is in 
the final stages of preparing regulations that will allow up to 2,200 pounds of additional weight 
for each trailer axle equipped with an air suspension or its equivalent. For a drive axle, Mexico 
may allow up to an additional 3,300 pounds. The impacts of different suspension systems on 
pavement deterioration are of secondary importance compared to the static axle load levels 

21 TRB Special &port 225 noted that a heavy truck: travds aloog the highway. axle loads applied to the pavanmt 
surface fluctuate above and below their average values. The degree af fluctnati<m ricpmds tm. factors such as 
pavcmc:nt rnnghocss, speed. radual sriffncas of the tires. rnc:cbaoical properties of the suspension system. aud overall 
coofigmatioo of the vehicle. On the usumpti011 that the pavement war c:ffccts of dynamic loads arc similar to tho9C 
of static loads and follow a foar:th-powa' relatiomhip. increases in the degrees of fluctuation increase pavement wear. 

22 Ralcheja md Woodroaffe. 

23 In the Rakhcja and Woodroofe model suspc:nsioo c:ffccts arc rq,rcscntcd using a sprung mass. an unsprung mass. and 
restoring and dissipative effects due to suspcnsioo md tire. The tire is modeled a"S'nning linear spring rate, viscaJS 
damping. and point contact with the road. . 

24 Sousa. Lysmcr and Monismith invcstigatcd the influmcc of dynamic effects oo J)ftaDCD1 life for different types of 
axle suspc:nsion systems. They ealculatcd a Rcductioo of Pavement Life (RPL) index of 19 percent for torsion 
swpensioos (an ideal suspension would have RPL of O). Similar results were found by Peterson in a study for Road 
and Transport Associatinn of Canada· under rough roads at SO mph. mr bag suspc:nsioos exhibited dynamic loading 
coc:fficic:ots (DLC) of 16 pc:rccnt. spring SU."'Pf'lsiODS had a DLC of 24 pc:rccnt. and rubber spring walking beam 
suspc:osi'>DS had a DLC of 39 pcrcc:nt. Probl=m with walking-beam swpcnsioos were also noted by Gillespie, et.al. 
who state that 011 rough and moderately rough roads. walking-beam suspcnsiom without shock absorbers arc 
typically 50 pc:n:cnt more damaging than other smpcoslon types. 
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themselves. Use of road-friendly suspensions is beneficial, particularly for large trucking 
operations with well-controlled axle loadings. 

LIFT AXLES 

The widespread use of lift axles in both Canada and the United States has raised concerns for 
pavement wear caused by a lift axle being in a raised position and the potential misuses that result 
when a driver, attempting to improve fuel consumption, mils to lower the axle when loaded. A 
survey conducted in Canada25 in 1988 and 1989 in Ontario and Quebec found that approximately 
17 percent and 21 percent, respectively, of trucks on highways in those provinces bad lift axles. 
Lift axles have been adopted in response to GVW limits that are governed by the number of axles 
and hecause trucks with multiple, widely spaced axles have difficulty turning OD dry roads and the 
lift axles can be raised by the driver prior to turns. 

Lift axles make compliance with and enforcement of axle weight limits difficult. There are many 
concerns about the use of lift axles and damage to roads and bridges. Improperly adjusted lift 
axles can be damaging to pavements. The lift axle can be adjusted to any level by the driver. If 
the lift axle load is too high, the lift axle is overloaded. Ifit is too low, other axles may be 
overloaded. For example, under cmrent Federal limits, a four-axle single-unit truck with a 
wheelbase of 30 feet can carry 62,000 pounds: 20,000 pounds OD the steering axle and 42,000 
pounds on the rear tridem. This vehicle would produce approYirnately 2.1 ESALs on flexible 
pavements. However, if the first axle of the tridem is a lift axle that is canying little or no weight, 
this vehicle would produce approximately 4.0 ESALs. 

PAVEMENT IMPACT 

The pavement impacts for this study were estimated by using the Nationwide Pavement Cost 
Model (NAPCOM). NAPCOM incorporates 11 different pavement distress models. Together 
these models represent the state-of-the-art in predicting pavement responses to different axle 
loads and repetitions at the National level. 

Pavement design parameters for each State, such as soil strengd1, terminal PSI value and other 
considerations are considered in this analysis. Design methods reflect the latest State specific and 
AASHTO design mamials and guidelines. Costs are esrirnated for traffic on each highway 
functional class based upon analyses and over 100,000 pavement sections in the HPMS database. 

UNIT PAVEMENT COSTS 

Unit pavement costs and pavement costs per unit of payload-mile by configuration are shown in 
Table VI-6 and Table VI-7. They illustrate how the addition of axles allows for increased 
payloads and at the same time reduces pavement wear. Particularly striking, are comparisons 
between the three- and four-axle single unit trucks, the five- and six-axle semitrailer combinations, 

25 Billing. et.al. 
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and the five- and eight-axle doubles. The four-axle truck has costs per payload ton-mile about 75 
percent of that for the three-axle truck even thougll its gross weight is 10,000 pounds more than 
the three-axle truck. The comparison of the six-axle semitrailer with the five-axle is very similar. 
The costs for the eight-axle double are less than half those for the five-axle double. Triples do not 
compare well with the doubles, however. It should be noted, however, that truck owners would 
be opposed to adding axles because it increases the tare weight of the vehicle and reduces payload 
capacity. The benefits of increased numbers of axles insofar as pavement damage is concerned, as 
shown in Table VI-6 and Table VI-7 assume increases in the allowable gross vehicle weight. 

TABLE~ 
UNIT PAVEMENT COST FOR VARIOUS TRUCK CONFIGURA110NS 

S4,000 64,000 l0,000 I0,000 100,000 10.5,000 100,000 11.5,000 

0.09 0.07 0.0.5 0.05 0.03 0.10 0.05 0.04 0.01 

0.17 0.16 0.12 0.11 0.07 G.1.5 0.10 0.17 0.31 

0.37 0.33 0.29 0.22 0.32 0.41 0.ll 0.39 0.7.5 

Maj.Col 1.31 1.35 0.90 O.IO 1.17 1.03 0.65 1.46 2.95 

2.%7 2.08 1.49 1.24 U2 1.69 1.07 2.42 4.17 

5.90 5.63 3.r7 3.23 ◄-'9 ◄.◄O 2.79 6.17 12.60 

;::/ .;,:,.j..----+----i-----+----+---+----
L Fwytiwy 

I/ J{~;.__,..__...., __ ..---+---+---
:\{ Prin.An. 

0.06 0.04 0.04 0.04 0.03 0.04 0.02 0.03 0.0.5 

0.09 0.06 0.06 0.05 0.04 0.07 0.04 0.09 0.11 

0.13 0.12 0.10 0.09 0.11 0.0, 0.06 0.13 0.26 

0..30 0.24 0.22 0.17 0.19 0.11 0.12 0.34 0.70 

0.66 0.70 0.'4 0.◄9 0.46 0.34 0.25 0.16 1.12 

2.34 2.53 Ul 1.7.5 1.64 1.19 0.18 3.06 6.◄.5 
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TABLEVl-7 
UNrr COST PER PAYLOAD-MILE FOR VARIOUS TRUCK CONFIGURATIONS 

:-;- ··• Am Tlirw Far Faw Six Fne Se,- Eigbt 5'\WI 
i ·-•··•. 

iii~l1ll:1111•i11!ill
1!1i GVW 

(pauadl) 
i·: ·••: ·.·. 

54,000 64,000 I0,000 ,0,000 l0,000 100,000 10,.000 100,000 115,000 

■=-Wcipa 

·.•. 

26,400 30.490 3&,600 33,470 41,'700 

31,400 37,600 49,510 61,400 71,530 'l,,300 73,300 

Sll,lllta I 
•·· 
,-.❖:•.:.,·,:_ :'.:-:_ ::~-:-·-•-•, Fm:# 
:id:JitF'/ a-
_ ................ , ..... :.:.: 

lalallllC 0.006 0.004 0.G02 0.G02 0.001 cum a.aDJ 0.001 0.002 

-Prill. Art. _. 0.011 0.009 0.00, Cl.004 0.003 o.oo, 0 .003 0.006 0.001 

MiD. Art. 0.024 0.011 0.012 O.OOI 0.013 0.013 0.006 0.013 0.020 

Maj.C.ol. o.oa 0.072 G.036 O.G27 0.04' 0.034 0 .011 0.0,0 O.OIO 

::
1
:J::1:

1
1::::i:

1:i::• 
MiD. C.ol. 

J..oc:u .. ::::•::::::::,::::::: 

0.14' 0.111 0.060 0.042 0.076 0.05' 0 .030 0.Ol3 0.133 

0.376 0.2519 0.1'6 0.110 0.197 0.143 0 .071 0.21' 0.344 

•.•• , :····••":::.: .. .:.i. ..... 
iii Fwytiwy 

Prill.Alt.. 

Min. Art. 

ltlllll C.oliedml 

::••·•.•· \:-•:;.:·,:.- :•··=" J..oc:u 

0.004 0.002 0.002 0.001 0 .001 0.001 0.001 0.001 0.001 

0 .006 0.003 0.002 0.002 0.002 0.002 0.001 0.003 0.00, 

O.OOI 0.006 0.004 0.003 0.004 0.003 0.002 0.004 0.007 

0.01, 0.013 0.009 0.006 0 .007 0.006 0.003 0.011 0.019 

0.042 0.037 0.022 0.017 0.011 0.011 0.007 0.030 0.050 

0.149 0.136 0.077 0.060 0 .065 0.039 0.024 0.10, 0 .176 
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CONSIDERATIONS RELATED TO PAVEMENT REGULATION 

TIRE REGULATIONS 

Federal law and m~st States laws do not address truck tire pressure. Tire pressure may have a 
large effect on fatigue of flexible pavements as discussed earlier ( albeit a small to moderate effect 
on rigid pavements) and today's tire pressures are higher than in the 1950s-primarily the 
consequence of a change from bias to radial ply tires. Concern bas been raised about accelerated 
pavement rutting as a result of increased tire pressures. The research in recent years gives 
conflicting views as to whether or not pressures should be regulated. 215 

Federal, and most State, laws do not discourage or prolnl>it the use of wide-base tires. The 
consensus ofU.S. and international research is that these tires have substantially more adverse 
effects on pavements than dual tires because current designs employ smaller, overall tire-road 
contact patch sizes than equivalent dual tire sizes. Future tire designs could address this issue. 
Wide-base tires-widely used in Europe-are being increasingly adopted by U.S. trucking 
operations. The benefits of wide-base tires are reduced energy use, emissions, tare weights, and 
truck operating costs. The trade-off between changes in Federal pavement costs and operating 
benefits that would result from permitting or prolul>iting extensive adoption of wide-base tires in 
the United States has not been anafy7.ed. 

Many State laws do specify some form of tire load regulation to control the damage effect of 
wide-base tires. They restrict the weight that can be carried on a tire based on its width. The 
limits range from 550 pounds per inch (m Alaska, Mississipp~ and North Dakota) to 800 pounds 
per inch (m Indiana, Massachusetts, New Jersey, New York, and Pennsylvania). Such restrictions 
result in lower pavement costs; however, the size of the pavement cost savings ( either in absolute 
terms or in relation to the increase in goods movement costs also resulting from these restrictions) 
have not been estimated. This type of approach does, however, hold promise. 

SPLIT-TANDEM VERSUS TRIDEM-AXLE LOAD LIMITS 

There is increasing use of wide-spread (up to 10 feet) "split-tandem" axle groups, particularly in 
flatbed heavy haul operations. These axles are allowed to be loaded at single axle limits-20,000 
pounds on each of the two axles as opposed to 34,000 pounds on a closed tandem. They offer 
two key benefits to five-axle tractor-semitrailer usage: (1) flexibility in load distnl>ution; and (2) 
full achievement of the 80,000-pound GVW cap, which is limited by the ability to distribute up to 
12,000 pounds on the steering axle of a combination. But they do so with significant pavement 
cost. Their expanding use could be counteracted with a higher tridem-axle load to the benefit of 
pavements. 

26 1RB Special Report 225 (1990) suggested rcgulat.ion could be wammtcd if the more pessirnistir. malyscs proved to 
be c:orrect. NCHRP study (1993) suggested limiting tire~ to the reo1 iwiudldcd cold setting plus 15-psi; 
AASHTO (1993) suggested more research is required to answer all questions rcgardmg the rclatioosbip of tire size, 
contact~. and contact area to pavcmc:nt damage. 
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In the United States, the allowable load on a group of three axles connected through a common 
suspension system (a tridem) is determined by the Federal bridge fommla rather than a limit set by 
law (or regulation). In Europe, Omada, Mexico and most other jurisdictions, tridem axles are _ 
given a unique load limit in the same way the United States specifies unique single- and tandem­
axle limits without direct reference to a bridge formula. This is not to say that these unique 
tridem limits are not bridge-related. In Canada, for example, the tridem limits prescribed by the 
Road Transport Association of Canada (RTAC), which vary as a function of spacing, are based 
on bridge loading limitations-not pavement limitations. 

THE GROSS VEHICLE WEIGHT LIMIT 

The 80,000-pound GVW limit (cap) is the existing legal Federal maximum GVW limit for the 
Interstate Highway System, although some States allow truck combination weights above the cap 
under grandfather rights. Axle weight limits and BFB are designed to protect pavements and 
bridges respectively. As such, the cap may not be providing any additional protection to 
pavements and bridges. Nevertheless, it is important to consider such uctors as bridge design 
vehicles and criteria, structural evaluation procedures, the age of the existing bridges and the 
extent to which increased GVWs would affect the &tigue life of bridges in the United States. 

44,000-POUND TRIDEM-AXLE WEIGHT LIMIT 

Original research, done for this study, on the pavement and bridge impacts oftridem axles showed 
how bridge stresses decrease as the axles in the tridem group are spread apart. This allows more 
weight to be carried on the tridem group as the axles are spread. The opposite is true for 
pavement damage. The more the axles are spread the greater ~ clarnap. Therefore, as the axles 
are spread within the group, the allowable weight must be reduced to hold pavement damage 
constant. 

The tridem-axle weight limit of 44,000 pounds was determined by observing where the curve of 
the increasing bridge allowable load function crosses the curve of the decreasing pavement load 
equivalency function (see Figure VI-9). The two curves cross at a spread of9 feet between the 
two outer axles which gives 44,000 pounds for both functions. To stop short of nine feet would 
require a lower load limit as bridge damage would be greater than at 44,000 pounds. To go 
beyond 9 feet would inc:rease pavement damage over that at 44,000 pounds. 

A six-axle semitrailer combination is more effective in reducing pavement damage than a five-axle 
semitrailer combination with a split-tandem (two trailer axles spread apart), which is allowed 
under the current Federal bridge formula. Table VI-8 provides the weight limits for a tridern axle 
between four and eight feet and Figure VI-8 illustrates the impact on pavement and bridges. 
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USE OF TRIDEMS 

Tridem axles could be considered as a way to increase truck load capacity while reducing 
pavement damage. r, There already bas been a switch from three-axle to four-axle single unit 
trucks by many heavy bulk freight haulers, and as noted above, significant pavement cost savings 
may be possible. The 80,000-pound GVW limit poses a constraint on adding axles to five-axle 
combinations 1'ecause, under the GVW limit, the extra axle would reduce the payload. 

When viewed using the AASHTO load-equivalence factors, combinations with tridem axles 
generally have much lower pavement costs per ton of freight carried than conventional five-axle 
combinations. To illustrate this, as shown in Figure VI-9, a six-axle tractor-semitrailer loaded to 
90,000 pounds with a rear tridem carrying 44,000 pounds produces 2.00 ESALs on flexil>le 
pavements and 3.83 ESALs on rigid pavements. The corresponding ESAL values for a 
conventional five-axle tractor-semitrailer cmying 80,000 pounds are 2.37 (flexil>le) and 3 .94 
(rigid). However, as noted earlier, the reduced pavement costs of the tridem axle require 
increasing the allowable gross vehicle weight, in part because of the increased tare weight of the 
tridem axle. 

r, Both the 1RB Special Report 225 and the AASIITO TS& W Subcu11111iUce suggest cxmidc:ration of the TII bridge 
formula which could allow about 90,000 pounds fer a six-axle tractor«mitrailcr cambiDatioo. 
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FIGUREVl-9 
ESAL COMPARISON OF 5-AXLE AND~ COMBINATIONS ON PAVEMENT 

Weight (lbs) 
ESALs 

Flc:xiblc 
Rigid 

Weight (lbs) 
ESALs 

Flexil>le 
Rigid 

34,000 

1.09 
1.88 

44.000 

0.72 
1.77 

3-S2 

3-S3 

34,000 

1.09 
1.88 

34,000 

1.09 
1.88 

12.000 

0.19 
0.18 

12.000 

0 .19 
0.18 

Total 
80,000 

2.37 
3.94 

Total 
90,000 

2.00 
3.83 

Assuming tare weights of 28,000 and 29,500 pounds for the five- and six-axle combinations, 
respectively, and using the AASHTO load equivalence factors, the ESALs per 100,000,000 
pounds of payload for the trucks shown in Figure VI-9 are shown in Table VI-9. Research by 
others indicates a significantly smaller result in reduction ofESALs from increased payloads, for 
flexible pavements a reduction of 4 ESALs as opposed to 14 ESALs and for rigid pavements a 
reduction of 11 ESALs as opposed to 17 ESALs per million tons of payload. 
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TABLEVl-9 
ESALs PER 100,000,000 POUNDS OF PAYLOAD FOR 5-AND 6 i\XLE COMBINATION 

ROADWAY GEOMETRY IMPACTS 

ELEMENTS OF ROADWAY GEOMETRY IMPACTING TRUCK OPERATIONS 

INTERCHANGE RAMPS 

Access and exit ramps for controlled access highways are intended to accornrnodate design 
vehicles at certain design speeds, as well as for high speed and low speed offiracking by 
combination vehicles. AASHTO policy rec:ouxmends widening to accommodate combination 
vehicles. For example, the width of a one-lane ramp, with no provision for passing a stalled 
vehicle, would be 15 feet on a tangent section. 

The extreme case for design consideration occurs when traffic is congested and stop-and-go 
conditions are present. The speed component to the offiracking equation is negligible and 
maximum offiracking to the inside of the curve occurs. Under this condition, the turnpike 
doubles analyzed in this study offirack 20 percmt more than a five-axle, 53-foot semitrailer 
combination and as a result encroach on adjacent lanes or shoulders and necessitate widening 
beyond AASHTO standards. 

INTERSECTIONS 

Most trucks and truck combinations turning at intersections encroach on either the roadway 
shoulder or adjacent lanes. For example, the turning path of a truck making a right tum is 
generally controlled by the curb return radius, whereas the turning path in left turns is not 
constrained by roadway curbs, but may be constrained by median curbs and other traffic lanes. 
Combination vehicles with long semitrailers are critical in the determination of improvements to 
intersections required to accommodate offiracking requirements. 
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It is generally agreed that proper design and operation requires that no incursion into the path of 
vehicles traveling in opposing directions of flow be allowed. A higher standard is often used in 
design, especially in urban areas, where no incursion into ~ adjacent lane is allowed. This is 
particularly critical at signalized intersections where heavy traffic is a prevailing condition. A 
substantial number of intersections on the existing highway and street network cannot 
accommodate even a five-axle tractor semitrailer combination with a 48-foot semitrailer under the 
more stringent standard. Even more intersections would be inadequate to accommodate vehicles 
which offirack more than the standard a 48-foot semitrailer. 

Currently there are a substantial number of intersections on the highway and street network 
where improvements for combinations with semitrailers over 48 feet are not feastl>le and controls 
on vehicles, routing or travel times are required. Examples of common constraints to intersection 
improvements are bridges, buildings and sensitive environmental or historic plots. The use of 
permits in such cases can provide a desirable level of controi to the extent that they arc enforced. 
Additionally, staging areas should be provided where routes and intersections have prohibitive 
constraints off the NN. 

CLIMBING LANES 

The ability of a truck tc, maintain speed on a grade is desaibed by the term "gradeability" and the 
ability of a truck to start on a grade from a standstill 1s termed "startability." Truck "driveability" 
is defined as the percentage grade on which full throttle is required in top gear to maintain 
cruising speed. The ability of various trucks to start and to maintain speeds on grades is a 
complex subject which primarily depends on net engine horsepower, torque, gearing, drive train 
efficiency, friction, GVW and minimum allowable speed. Gradeability and startability are 
discussed more fully in Chapter 5, Safety and Traffic Operations. The AASHTO recommends 
that separate climbing lanes be provided on grades that have substantial truck traffic and that 
cause typical trucks to slow by more than 10 miles per hour. 

CROSS SECTION 

Cross section refers to the shape of the surface of the roadway transverse to the direction of 
trafficll. Under normal operating conditions, cross section is not a dominant factor in increased 
Ts&W, but under extreme icing conditions, a superelevated cross slope can be a significant 
problem for vehicles which have greater off-tracking. The presence of cross slope discontinuities 
can also be a problem for vehicles more prone to rollover because of the dynamic forces which 
they tend to introduce. 

21 The major determinaots of the cross scctioo are the number of lanes, the presence of curbing or shouldc:rs, and aoss 
slope. Gcocrally, a slight cross slope is designed into the cross section to assist in proper drainage of precipitation. 
Often this slope breaks to a steeper slope at the sbouldc:r line, m a divided rnnltiJmc highway tbc cross slope is 
generally highest at the centcriinc. 
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. 
HORIZONTAL CURVATURE 

The rear wheels of trucks and truck combinations-traversing horizontal curves generally offtrack 
to one side or the other of the paths of the wheels on the steering axle. When a truck is traveling 
at higher speeds the rear wheels can follow a path outside that of the steering wheels. This effect 
is relatively small and virtually never n:su1ts in the need to make geometric improvements beyond 
those normally made in the design process. On the other hand, when offlracking is to the inside 
of the curve at lower speeds and in stop-and-go traffic, it is usually more substantial and must be 
accommodated. Trucks in combination with longer trailers are often prone to producing 
relatively large amounts of offlracking beyond that provided for in AASHTO standards. On 
roadways not constructed to AASHfO standards more improvement would be required to 
accommodate longer combinations where ofB:racking would exceed normal lane width. 

VERTICAL CURVE LENGTH 

The height of the truck driver's eye is a distinct advantage of trucks over pnsenger vehicles-for 
crest vertical curves which are designed to maximi7.C stopping sight distance. Vertical curves are 
generally designed for passenger cars as the passenger car driver's eye is closer to the pavement 
than that of the truck driver. For a sag vertical curve going ftom a downgrade to an upgrade, 
headlight coverage and passenger comfort usually control The vehicles considered in this study 
have braking distances similar to vehicles in common use at this time; therefore no geometric 
adjustments would be required. 

SIGHT DISTANCES- STOPPING AND PASSING 

Passing distances involving trucks can be significantly longer than when no trucks are present. 
Longer trucks increase the distance required for a car or truck to pass and require more care in 
order do so safely. 

Drivers of passenger cars passing trucks, and drivers of trucks who desire to pass other vehicles, 
are expected to follow the rules of the road and exercise discretion. p,s.sing only where sight 
distance is adequate. On multi-lane highways passing is generally not as critical as passing on a 
two-lane highway with traffic in opposing directions. Sight distance criteria for marking passing 
and no-passing zones on two-lane highways are more appropriate for a passenger car passing 
another passeng~ car, and do not consider trucks, even the standard truck and 48-foot semitrailer 
combination vehicle at 80,000 pounds. 

Increasing TS&W limits for LCVs could require as much as 8 percent more passing sight distance 
for cars passing LCV s on two-lane roads and longer and/or heavier trucks would require 
incrementally longer passing sight distances to safely pass cars on two-lane roads. 
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DIMENSIONAL LIMITS IMPACTING TRUCK MANEUVERS 

LENGTH LIMITS OF SEMITRAILERS 

The Surface Transportation Assistance Act {STAA) of 1982 established a minimum length limit 
that requires States to allow the operation of a semitrailer of at least 48 feet on the National 
Network (NN) for large trucks. All States now allow up to 53 feet on at least some highways. 
The majority of States prohibit semitrailers longer than 53 feet, the exceptions being Alabama, 
Arizona, Arkansas, Colorado, Kansas, Lnuisiana, New Mexico, Oklahoma, Texas, and 
Wyoming.29 These States allow trailers in the 57- to 60-foot range to operate. 

LENGTH LIMITS FOR DOUBLE-TRAILERS IN COMBINATION 

The STAA of 1982 also established a requirement for States to allow, at II minimum, the 
operation of two 28-foot trailers (twins) in combination on the Interstate and NN. About one­
fourth of the States prescn"be 28 feet as a maximum; the others allow additional length up to 
30 feet with 28.5 feet being the most common. 

Prior to the Intermodal Sumce Transportation Efficiency Act of 1991, Federal law allowed 
States to permit longer trailers in combination, commonly referred to u doubles. but did not 
require States to allow them. 

OVERALL LENGTH LIMITS 

The ST AA of 1982 established a prolu"bition against State laws that specify a maximum length for 
tractor-semitrailer and STAAx, double combinations operating on the Interstate and NN. 
Consequently, most States control total length on the NN by limiting semitrailer and trailer 
lengths. About two thirds of the States have some form of control of total combination length for 
non-NN highways. While there are no proposals that the Federal law presai"be a total length limit 
at this time, offlracking standards could effectively limit overall lengths for single- and double-
trailer combinations. · 

VEHICLE WIDTH AND HEIGHT LIMITS 

Vehicle widths and heights, although important from the standpoint of safety and traffic 
operations, have little effect on roadway geometric design except for lane width. 

29 Federal Size Regulations for Commercial Motor Vehicles, U.S. DOT,PublicaticmNo. FHWA-MC-96-03. 

x, Also known as Wcstcm doubles 
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ROADWAY GEOMETRY AND TRUCK OPERATING CHARACTERISTICS 

When a vehicle makes a tum, its rear wheels do not follow the same path as its front wheels. The 
magnitude of this difference in path, known as "offlracking", generally increases with the spacing 
between the axles of the vehicle and decreases for larger radius turns. Offiracking of passenger 
cars is minimal because of their relatively short wheel bases~ however, many trucks offtrack 
subsumtiaJly. The magnitude of the offiracldng is often measured by the differences in the paths 
of the centerlines of the front and subsequent axles. 

OFF-TRACKING AND INTERSECTION MANEUVERS 

LDw-Speed Off-Tracking 

When a combination vehicle makes a low-speed tum-for example a 90 degree turn at an 
intersection-the wheels of the rearmost trailer axle follows a path several feet imisk the path of 
the tractor steering 8:)de. This is called low-speed offiracldng. Excessive low-speed offlradcing 
may make it necessary for the driver to swing wide into adjacent lanes to e,cearte the tum (that is, 
to avoid climbing inside curbs or striking curbside fixed objects or other vehicles). When 
negotiating exit ramps, excessive offiracldng can result in the truck 1T'Bcking inboard onto the 
shoulder or up over inside curbs. This performance attribute is affected primarily by the distance 
from the tractor kingpin to the center of the trailer rear axle, or the wheelbase of the semitrailer.· 
In the case of multiple-trailer combinatio~ the effective wbeelbase(s) of all the trailers in the 
combination, along with the tt"aclcing characteristics of the converter dollies, dictate this property . . 
In general, longer wheelbases worsen low-speed offlradcing. Figure VI-10 illustrates low-speed 
off-tracking in a 90-degree tum for a tractor-semitrailer. 
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FIGURE Vl-10 
LOW-SPEED 0~-TRACKING 
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The standard double-trailer combination (two 28-foot trailers) and triple combinations (three 28-
foot trailers) exhibit better low speed offtracking performance when compared to a standard 
tractor and SJ-foot semitrailer combination. This is beawse they have more articulation points in 
the vehicle combination, and use trailers with shorter wbeelbues. 

High-Speed Off-Tracking 

High-speed offiracking, on the other hand, is a dynamic, speed-dependent phenomenon. It results 
from the tendency of the rear of the truck to move outward due to the lateral acceleration of the 
vehicle as it makes a tum at higher speeds. High-speed offlracking is actually the 
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algebraic combination of the low-speed offtracking toward the inside of the tum and the outward 
displacement due to the lateral acceleration. As the speed of the truck increases, the total 
offiracking decreases until, at some partic:ular speed, the rear trailer axles follow exactly the 
tractor steering axle. At still higher speeds, the rear trailer axles will track outside of the tractor 
steering axle. The speed-dependent component of offiraclcing is primarily a function of the 
spacing between truck axles, the speed of the truck, and the radius of the turn; it is also dependent 
on the loads carried by the truck axles and the truck suspension characteristics. 
Figure VI-11 illustrates off-tracking maneuver for a standard tractor-semitrailer. 

1 -
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FIGURE Vl-11 
HIGH-SPEED OFF-TRACKING 
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OFF-TRACKING ON MAINLINE HORIZONTAL CURVES 
AND INTERCHANGE RAMPS 

An analysis of offiracking and swept path width for horiz.ontal curves designed in accordance with 
AASHTO's high-speed design aiteria (1994) was completed for the vehicle configurations 
considered in this study. Such curves are typically found on mainline roadways and higher speed 
ramps. Alternative design criteria that permit higher unbalanced lateral acceleration and, thus, 
tighter radii can be used under AASHTO policies for horizontal curves with design speeds of 40 
mph or less, which are typically found on ramps and turning roadways at intersections. 

Under AASHTO policy, the miJrimnm radius for a horizontal curve varies with the roadway 
design speed and the maximum super-elevation rate.31 For horizontal curves with a maximum 
super-elevation rate of 0.06 ft/ft (the maximum super-elevation rate most commonly used by State 
highway agencies), the minimum radii permitted by the AASHTO bigh-spec:d design aiteria vary 
with design speed, as shown in Table VI-10. 

TABLEVl-10 
AASHTO HIGH-SPEED DESIGN CRITERIA 

30 273 

40 

.50 149 

60 

7U 2,013 

AASHTO policy for horizontal curve design specifies pavement widening on sharp radius 
horizontal curves for which truck offiracking is a concern. For the minimum-radius curves listed 
above on a highway with a lane width of 12 feet on tangent sections, only the 273-foot radius 
curve (for a 30-mph design speed) would require widening. AASHTO aiteria call for such a 
curve to be widened from 12 to 14.S feet. 

An analysis was conducted to determine whether minimum-radius curves with the widths 
descnl>ed above, designed in accordance with AASHTO policies, would be capable of 
accommodating each of the vehicle configurations considered in this study. This analysis was 
conducted by comparing the lane or ramp width to the swept path width of the truck making • 
tum with the specified radius. Tables VI-11 and VI-12 present this comparison for selected truck 
configurations. 

31 AASHrO. 1994. 
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The swept path widths in Table VI-11 are based on fully-developed offlracking determined with 
the Glauz and Harwood model for a truck traversing the curve with a travel speed equal to the 
roadway design speed. None of the swept path widths shown in Table VI-11 exceed the 
corresponding lane width for mainline roadways or the corresponding ramp widths, although the 
turnpike double with S3-foot trailers does require nearly all of the (widened) 14.5 feet of the 30-
mph AASHTO horiz.ontal curve. Thus, there is no indication that any of the Study vehicles, 
traveling at the roadway design speed, would necessarily offirack into an adjacent lane or 
shoulder of the roadway or ramps designed in accordance with AASIITO policies. 

Table VI-12 presents comparable results when the trucks travel at very slow speeds on these same 
curves, such as they may be required to do in congested traffic. The swept path widths at low 
speed in Table VI-12 are generally greater than those in Table VI-11, but except for the Turnpike 
Doubles, none of the study vehicles would encroach on adjacent lanes or shoulders. Both 
Turnpike Doubles would encroach on adjacent lanes or shoulders on 30-mph design speed 
horiz.ontal curves, and the Turnpike Double with 53-ft trailers would low-speed off-track into 
adjacent lanes or shoulders on 40-mph design speed horiz.ontal curves and on 30-mph design 
speed ramps. 
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TABLEVl-11 
SWEPT PATH WIDTH FOR SELECTED TRUCKS ON HORIZONTAL CURVES 

AT AASHTO DESIGN"SPEEO CRITERIA 

Tlllw-.ule~ U•Tndt 39-' &.12 1.00 

ltn-.uleT.,..-S 'alu 643 10.09 l.'6 

ftft-AsleTndlrt"S , ... 76.1 11.11 9.-43 

Sb-Alie Tnaor S Ar 64.3 10.0~ 1.63 

Sb-Ade Tnaor S ... 76.I 11.79 9.-41 

ftft-Asle~T.,._. 63.3 1.32 1.00 

Sna-AJleTnciH'llaT.,._. 61.3 1.44 1.00 

Sb-Alie w..._ Daulr 74.3 9.02 s.,o 

S-.AJle~MtaDaulr 993 11.62 9.21 

Elpt-A:drB-Tnao..We N3 1039 1.70 

Nlae-AJle 1'anpiR Da.lllt 11-43 12.15 9.13 

Nlae-AJle 1'anpiR Da.lllt 12-4.3 1-4.29 10.S. 

Sffa.Ade Tnpk 109.0 9.69 uo 

1.00 

1-'0 

a.,o 

a.,o 

a.,o 

I.DO 

1.00 

1.,0 

a.,o 

1.50 

a.,o 

a.,o 

a.,o 
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TABLEVJ.12 
SWEPT PATH WIDTH FOR SELECTED TRUCKS ON HORIZONTAL CURVES 

AT VERY L8W SPEED 

30 40 

273 509 

uo 1.26 

64.3 1U4 ,.,, 
Jllft..uleTladel-8 ltaller 13.65 1L12 

Sis-Am T...,_. S It aller lUl 9.74 

Sis-Am T.,.._. S It aller 16.1 13.22 10.S, 

'3.3 9.02 1.31 

61.3 UI 1.34 

14.3 l0.31 9.31 

13.6S 11.1, 

14.3 1132 10.16 

114.3 1'.04 1U2 

124.3 16.69 12.13 

109.0 12.1, 10.«I 

INTERSECTION MANEUVERS 

60 

1,341 

1.00 

uo 

9.30 

U7 

9.14 

1.00 

1.00 

..,, 
9.35 

1.19 

9.67 

10.0, 

9.14 

Trucks turning at intersections have the potential to encroach on either the roadway shoulder or 
adjacent lanes. The turning path of a truck making a right tum is controlled by the curb return 
radius. Truck paths in left turns are not constrained by roadway curbs, but may be constrained by 
median curbs and other traffic lanes. 
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The analyses assume that the tum is made at the intersection of two two-lane or two four-lane 
streets and that the truck making the tum positions itself as far to the left as poSS1l>le on the 
approach to the intersection without encroaching on the opposing lanes, and completes the turn as 
far to the left as possible without encroaching on the opposing lanes. In other words, the truck 
does encroach on adjacent lanes for traffic moving in the same direction (on four-lane roads), but 
does not encroach on lanes used by traffic moving in the opposing direction. The maneuver 
specified above requires a turning radius for the truck tractor wbicli is 8 feet longer than the curb 
return radius on a two-lane road, and 20 feet longer than the curb return radius on a four-lane 
road, if all lanes are 12 feet wide. 

Table VI-13 presents estimates of encroachment on the curb return for selected trucks for right 
turns at comers with curb return radii of 30, 60, and 100 feet. The data in these tables are based 
on the maximum value of the partially-developed offiracking because, in most cases, offiracking 
will not develop fully as a large truck proceeds through an intersection turning maneuver. 

TABLEVl-13 
CURB ENCROACHMENT FOR 90-DEGREE RIGHT-TURN MANEUVERS 

AT INTERSECTION OF FOUR-UNE ROADS 

1:1:1:~i::::!i:l::!:!!:i~ir■i: ::;;:;;~;l!ili!J!l::1::l:Jl:1::1:11::i: :Ji::i!5 1i~ii!l:iili;l:l:ff.lJ!i:!:i!liii: 11■-'f.-li:: :t}:::::c=::::I;!: 
Tllne-Asle &lape Ulllt Tndl 39..5 JJ!n -12.07 -1337 

Jlft..AmT.....-S It aid 64.3 -0.09 -4.47 -7.a 

1-m-Am Tncter S 11 aid 76.1 6.42 1.11 -3.49 

Sb-A.de Tradff S M 1ller 64.3 -1.G6 .,.21 -8.49 

Sh-Am Tndr S ltrsln 76.I 5.34 0.16 

1-m-Am Tnck-hll Tnler 63.3 -7.41 -10.29 -12.17 

Sn..-AJle Tnck-hll Tnler 613 -uo -10.12 -12.5-4 

Sls-Aslt Wataa DoaWe 74.3 -4.06 -I.OJ -10.37 

Snm-AJle ll.Ddii:, Mt. »-We 99.3 6.73 1.23 -3.41 

Flp&-Am B-T..-»-Me 14.3 1.51 -3.23 -7.02 

Nlae-.ulc~o.ule 114.3 11.02 4.91 -.057 

Nlae-.ulcbmpllie »-We 124.3 15.31 1.13 l.69 

Sewn-Axle TripJc 109.0 1.97 -2.!n -6.17 
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The encroachment columns in Table VI-13 indicates the amount of encroachment on the curbline 
by the rear axles of the turning truck. a negative value for encroachment indicates that the truck . 
does not encroach on the curbline. a positive value indicates that encroachment does occur and 
the magnitude of the value indicates the maximum encroachment distance. Where a positive value 
is shown for the encroachment distance, that panicular truck could make the tum without 
encroaching on the curbline only ifit encroached on an opposing lanc(s) instead. 

The tum from a four-lane street to another four-lane street was chosen as the case of interest 
because none of the trucks considered-baseline or study vehicles-are capable of making a 
short-radius tum from one two-lane street to another without encroaching on either the curbline 
or an opposing lane, unless the curb return radius is very large (100 feet, say), and then only by 
selected very short trucks. 

With a 30-foot curb return radius (Table VI-13), many of the truck configurations will encroach 
on the curb return, with a few exceptions. The single unit trucks, the tractors with a 45-foot 
semitrailer, the truck-full trailers, and the western twins can successfully negotiate these turns. 
The encroachment of the five-axle semitrailer configuration with a 45-foot trailer is very~ 
however, as is the triple with 28-foot trailers. 

By expanding the curb return radius to 60 feet (Table VI-13), nearly all configurations examined 
can negotiate the tum without encroaching on the curb return. The exceptions which can not 
successfully complete the tum are the tractors with 57 .5-foot semitrailers, the longer Rocky 
Mountain double, and (particularly) the turnpike doubles. 

At an even larger curb return radius of 100 feet (Table VI-13), all but the turnpike double with 
53-foot trailers can properly negotiate the tum. 

CURRENT REGULATIONS ON OFF-TRACKING 

Federal law is silent on offiracking-related characteristics of trucks and combinations. In 
panicular, it specifies no requirements on kingpin setting, kingpin setback, and rear overhang. In 
nearly one-half of the States regulations require a kingpin setting for semitrailers over 48 feet in 
length. Although there is no one uniform standard, the most common setting distance is 41 feet. 

REGULATION ALTERNATIVES 

Control of offiracking can be accomplished in one of two ways. The first requires considering the 
length limit( s) of the semitrailer( s) within the context of total combination length limit, restrictions 
on the kingpin setback, wheelbase, and effective rear overhang as in the Canadian regulations. a 
more straightforward alternative is a perfonnance specification requiring that a truck be able to 
tum through a given angle, at a given speed, within a defined swept path as in the European 
regulations. 
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l)llAF'f 
CHAPTER 7 

ENFORCEMENT OF TRUCK SIZE AND WEIGHT 
REGULATIONS 

INTRODUCTION 

Identifying implementation issues associated with changes to truck size and weight (TS&W) 
regulations cannot be accomplished without first investigating the enforcement and administration 
of the existing siz.e and weight regulations . . This chapter provides a current "snapshot" of State 
TS&W enforcement and permitting practices. Also presented is historical data on enforcement 
and permit practices, resource allocation, initiatives to improve the effectiveness and efficiency of 
the program, as well as the Motor Carrier Safety Assistance Program (MCSAP). Federal and 
State roles are also discussed. 

EVOLUTION OF FEDERAL/STATE ENFORCEMENT PRACTICE 

PRE-SURFACE TRANSPORTATION ASSISTANCE ACT OF 1982 

Federal size and weight regulation has evolved over time in response to changing National 
responsibilities, interests and needs, including the promotion of interstate commerce. A National 
highway system consisting of a network of "inter-regional" highways was envisioned as early as 
the 1921 Highway Act, and subsequently led to the designation of the Interstate System in 1956. 
Prior to the 1921 Act, individual States exercised sole responsibility for determining what roads 
were built and what improvements would be made with the Federal funds received under an 
apportionment formula. The 1956 Highway Act provided funding to the States from the newly 
created Highway Trust Fund financed by taxes on highway users under the "user pays" concept. 
With the exception of the Interstate System, States still decide what roads are improved and what 
improvements are made. 
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The Highway Act of 1956 also established the Federal involvement in weight regulation by 
enacting weight limits of 18,000 pounds for single axle, 32,000 pounds for tandem axle, and 
73,280 pounds for gross vehicle weight (GVW) trucks and combination vehicles allowed on the 
new Interstate System. States which had weight limits in excess of the new Federal limits as of 
July 1, 1956 were given "grandfather rights." These "grandfather rights" were extended without 
any indication of a sunset date. The 1956 Federal weight limits remained in effect until the 
Federal-Aid Highway Act of 1974 when they were increased to the current limits of20,000 
pounds for a single axle, 34,000 pounds for tandem axle, and 80,000 pounds for GVW. States 
choosing to adopt the new 1974 weight limits were also required to adopt the new "bridge 
formula B." The provision of Federal-aid for highways carried with it a requirement that the 
States actively enforce both Federal and State weight limits. 

Federal requirements for assurance of State enforcement of Federal weight limits evolved ·over 
time. Prior to 1974, the States typically sent a letter to the Federal Highway Administration 
(FHW A) each year stating that their laws were in compliance with the Federal laws. An annual 
statement (certification) of the Governor (or repre,entative) was required starting in 1974. The 
Department of Transportation (DOT) adopted, through regulation, the requirement for an annual 
State Enforcement Plan (SEP). To assure full compliance with their certifications, the Surface 
Transportation Assistance Act (STAA) of 1978 authorized DOT to impose stricter requirements 
on the States. The annual SEP has become the measure of performance against which the 
certification is evaluated and compliance determined. A State which is deemed to be 
noncompliant may be penaJiud by withholding 10 percent of its Federal-aid highway funding. 

Although States may be sanctioned for noncompliance with the enforcement requirement, funding 
of weight enforcement activities remained solely a State respoDS1oility until 1992. State highway 
departments, as a rule, are authorized to construct and maintain the infrastructure, whereas State 
law enforcement departments are authorized and funded to enforce all laws, including TS&W. 
Consequently, the level of enforcement is, to a great extent, dependent on cooperation between 
two or more State agencies and a commitment of State resources for facilities and equipment 
(State highway or transportation department) and personnel (State law enforcement agency). 

The 1979 General Accounting Office (GAO) report on State enforcement of weight limits cited a 
need for improvement of the State enforcement program administered by the FHW A The report 
was critical of the DOT for failing to provide guidance and assistance to the States to improve 
programs. Other concerns raised by the GAO report included the States' expanded use of 
"grandfather" provisions for divisiole loads, and the lack of uniformity in penalties, permit 
administration and enforcement among the States. The requirement of the annual SEP was one 
response by FHW A to the GAO report. 
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The 1981 Section 161 Report1 by DOT to the Congress on TS&W noted that the Federal role and 
respo11S1bility in the enforcement area was established by Congress in 1974 by requiring arnrual 
State certification. Evaluation of State enforcement and permit practices focused primarily on the 
use of an "apparent low level of activity" as the trigger for threatening sanctions in some States in 
the late 1970s. Measures cited in determining "low level of activity" were ratios of truck 
registrations to truck weighings, ratios of citations to weighings, and the number of scales per 
mile of Federal-aid highway. According to the 1981 Report, under these measures, 35 States 
were considered to be noncompliant or borderline and in need of some form ofFHW A action. 

POST-SURFACE TRANSPORTATION ASSISTANCE ACT OF 1982 

Prior to the STAA of 1982 the Federal interest in enforcement was primarily in assuring that 
maYimum axle and gross vehicle weight limits applicable to Interstate Highways and "Bridge 
Formula B" were enforced. Subsequent to the passage of STAA of 1982, the Federal preemption 
of State laws governing certain length limits and legal vehicle combinations expanded the Federal 
interest in size and weight regulation to include uniformity in dimensions for the highway 
movement of freight. The States establish the limits on size and weight for vehicles and loads on 
highway systems other than the Interstate (where wei~ width, length and configurations are 
largely governed by Federal law) and the National Network (NN) for large trucks (where size and 
configuration of vehicles are partly governed by Federal law). The Interstate and NN total 
approximately 200,000 miles (44,000 Interstate and approximately 155,000 Non-Interstate 
Federal-Aid Primary system) which amounts to 5 percent of total public highway mileage.2 

The impact of STAA preemption was significant for many States. Although FHW A solicited 
State input through a notice in the Federal Register, many States felt they did not have an 
opportunity to review the non-Interstate routes designated for the STAA vehicles in advance and 
as a consequence many narrow, winding, mountainous routes with insufficient standards were 
included in the initial FHW A designation. Subsequently, FHW A revised the routes based on the 
State review and submissions. Further, State enforcement and administrative issues had not been 
addressed., creating confusion for both enforcement personnel and carriers. Since access beyond 
the "designated system" was determined by the States, regulations and procedures needed to be 
developed for a route review process and/or issuing permits. 

Enforcement of restricted routes for the 1982 STAA vehicles required information (such as maps 
or signs) including what routes were restricted and the vehicle configurations not allowed. The 
enforcement of the limits on the "non-designated" system was incorporated within State size and 
weight enforcement programs. FHW A rules to resolve and standardize reasonable access for 
ST AA vehicles became effective in 1991 and since then, virtually all problems regarding access 
for ST AA vehicles have been resolved. 

1 An [~&ligation ofTrucJc Size and Weight Limits, August 1981. Report of the Secretary ofTnmsportation to the 
United States Con~. 

2 Highway Statistics 1990, Table HM-43, flIWA-PL-91-0>3. 
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ADMINISTRATION OF THE FEDERAL/STA TE VEHICLE WEIGHT ENFORCEMENT 
PROGRAM 

The mission of the Federal vehicle weight enforcement program is to administer FHW A's size and 
weight enforcement efforts as well as to monitor State compliance with Federal requirements. 3 

As noted by FHW A "the need for truck weight enforcement must be balanced against other 
enforcement efforts including those for traffic law and criminal activity. The question is not, "are 
States enforcing truck weight laws, but rather how much enforcement is enough?"' In that 
regard, it was noted by FHW A in 1991, that since the requirement of SEPs in 1979, the State 
enforcement of truck weight limits improved from a national perspective. FHW A cited the 
significant number of trucks which were weighed and the citations issued, as well as the increasing 
use of technology [primarily weigh-in-motion (WIM)] for weight enforcement, as indicators of 
improvement. Although significant problems continue to exist. 

CURRENT LEVEL OF STATE PERMITTING AND ENFORCEMENT 

Both Federal and State governments are involved in TS&W enforcement. Generally speaking, the 
Federal role and responsibility can be descn'bed as monitoring the status and performance of the 
Nation's highway system and responding to Congressional intent specified in law. The State role 
and responsibility can be described as implementing Federal and State policy through 
enforcement of the size and weight laws (Federal and State) in a judicious manner for the purpose 
of preserving the Federal and State infrastructure investments. 

The Federal TS&W program is administered by the Office of Motor Carriers (OMC) within the 
FHW A. The States are grouped into nine regions and each region is responsible for coordinating, 
reviewing, and providing recommendations on acceptance of the annual SEPs and certifications of 
the States in their region. The requirement for annual certification of enforcement has been in 
effect since 1974 and for the SEP since 1979. The SEPs provide the baseline for evaluation of the 
certifications, which in tum provide FHW A with a means of evaluating trends and identifying 
potential issues associated with State enforcement and permitting. 

3 Stated inFHWA comments to the OIG's 1991 draft"Audit of the Vehicle Weight Program." 

4 This is a question that continues to be evaluated. however. as evidcnc:ed by the FHW A ANPRM 93-28 "Certification 
of Size and Weight Enforcement". 
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The State certifications provide the data which are summarized and published by FHW A in the 
annual "Inventory of State Practices . ., The State data reviewed for this chapter are summarized in 
Appendices _ and _, and analyzed in the aggregate as well as on a State or regional basis in the 
chapter. These data provide insight into trends, areas of State commonality and differences, the 
impact of various techniques or types of enforcement, and other factors which might influence the 
level of effort. Data and information obtained through nine State visits is discussed later in this 
chapter and interspersed throughout the various sections. 

Efforts to improve weight enforcement and permit programs, at both the Federal and State level, 
are ongoing. The FHW A review of annual certifications may lead to changes in State laws which 
are determined to be "inconsistent" with Federal law, or which may be considered too lenient. 
For example, the State of Washington increased its permit fees in 1995 to incorporate damage 
costs following an FHW A review. 

Additionally, actions are occurring at the State level to reduce incentives for overweight truck 
operations. Many States are in the process of reviewing the adequacy of fines and permit fees for 
overweight vehicles. Some have increased fines and/or fees to recover more of the damage costs. 
However, at the present time fees and fines in the majority of States are too low to recover costs. 
Weight enforcement officers provide seminars or educational sessions for State legislators and 
judicial officers as part of outreach. Many States participate in the national Commercial Vehicle 
Information and Systems Networks (CVISN) effort as "pilot or prototype" States. The CVISN 
effort and technology deployment are discussed later in the chapter. States are also moving 
toward computerization of their permit programs and adopting regionally uniform pennit 
regulations for non-divisl'ble loads. 

STATE PERMITTING OF TRUCK SIZE AND WEIGHT 

State administration ofTS&W regulations includes issuing permits for non-divisible and divisl'ble 
loads that have been mandated by State legislatures or are protected by "grandfather rights." Prior 
to !STEA there were 41 States which exercised Congressionally authorized "grandfather rights," 
with 34 issuing overweight permits for divisible loads. 

PERMITS ISSUED 

As Figure VII-I shows, the most significant increase in overweight permitting has been in the 
number of divisll>le load permits issued. That number increased by 148 percent from FY 1985 
through FY 1995 while nondivisible-load permits increased by 50 percent. 
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FIGURE Vll-1 
OVERWEIGHT PERMITS ISSUED BY STATES 

FY85, FY90, FY95 
Thousands 
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The details of these trends are shown in Table Vll-1 . In the eleven-year period the total number 
of overweight permits issued anrn1ally (divisible and non-divisible) grew from 1.2 million in 1985 
to 2.0 million in 1995, an increase of 60 percent. 

Grandfathered gross weight and axle weight limits and overweight permits constitute "legally 
overweight" vehicles and result from Federal and State statutes allowing their use. From a cost 
recovery perspective the use of "multi-trip" permits is more problematic for at least two reasons: 
( 1) they allow virtually unlimited operation of overweight vehicles on the highway system, and 
(2) fees for State permits (divisible and non-divisible) are often insufficient and unrelated to 
damage imposed and associated costs. 
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TABLEVU-1 
STATE PERMITTING OF OVERWEIGHT LOADS, FY85-FY95 

90,832 153,642 1,072,776 "46,451 1,119,227 

'6,193 150,169 1,149,625 59,274 l,20&,899 

102.759 IS-4,513 1,136,649 67,132 1,203,711 

112,IOl 177,756 1,151,732 61,222 l,212,9S4 

136,267 203,463 1,205,394 76,6':7 1,282.081 

140,697 213.,!167 1.321.261 118,362 1,409,623 

160,914 324,142 1.259,176 66,841 1.326,024 

162,040 346,751 1,347,773 92,734 1,440,507 

166,165 327,712 1,325,IOl 104,170 1,430,672 

198,236 355,350 1,426,143 116,.93,4 l,S43,0T7 

211,502 380,515 l,S43,270 106,746 1,650,016 

Saunx: fflWAAmmalbMmrytlS.. Pndica, ~ V~aadl'amill, FYl5-FY94;a 
m, AmmllStatcC«tificlriaal 

1,272,169 

1,359,068 

1.358,,364 

1,390,710 

1,485,.S44 

1,623,590 

1,650,166 

1,717,258 

l,75&,384 

l,89&,427 

2,030,531 

Table VIl-2 compares data for 1983, 1989 and 1995 from the 40 States that issued divisible load 
permits. During that period of time, there was significant growth in the number of multi-trip 
permits, with the exception of two States. Trip permits offer more control and infonnation on 
routes and mileage of operation for the issuing agency, whereas the multi-trip5 permits essentially 
allow unlimited operation with no accounting for mileage or routes for a greater length of time, 
generally a year. 

Thirty-nine States and the District of Columbia issued divisible load pennits in the period between 
1983 and 1995 (see Table VIl-2). Six States that issued divisible load permits in 1983 stopped 
issuing them by 1995 (Arizona, Hawaii, Illinois, Pennsylvania\ Tennessee, and V1rginia). 

s This includes moothly, "blanket," md "mmual" permits. 

6 This was reversed in 1996 when Pcousylvania implcmc:nted lcgislatioo rnmdatiog permits for milk. 
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PERMIT FEES 

While the number of overweight permits issued has increased dramatically, the fees assessed for 
permits appear to have changed little, if at all. Permit fees are established in either State laws or 
regulations. Historically, they have not been set on an infrastructure cost occasioned basis. The 
fees are usually established to recover the costs to administer the permit programs, and in some 
States enforcement is cited as an administrative cost7• 

In 1989, State permit fees for an 84,000 pound overweight vehicle ranged from $6 to $61.1 

Although there has been little significant change to the 1989 fees, case studies conducted for this 
Study (see page VII-18) indicate that States are considering increases that would take into 
account damage costs; none are considering elimination of the "multi-trip" permit. Oregon 
periodically conducts a cost-allocation study; based on the results its legislature makes 
adjustments to the various truck fees, including permits. Oregon officials noted that their most 
recent study indicated an overpayment by the industry, and permit fees were therefore adjusted 
downward. Pennsylvania DOT will be initiating a study following a legislative audit of the motor 
carrier program that found "truck weight waiver fees do not appear to cover the cost of the 
damage caused by overweight trucks."' 

:Minnesota and Washington have set permit fees that better reflect infrastructure damage. 
:Minnesota revised its permit fees in 1993 to include damage cost per mile based on pavement 
wear for axle groups on an Equivalent Single Axle (ES.AL) basis.10 The cost assessed to a 
particular axle group increases for a given load as axles are added to the group. Pavement costs 
per ESAL are based on unit costs/ESAL for typical pavements. Bridge costs are not specifically 
accounted for in this fee, such costs were felt to be covered by registration and other taxes paid.11 

Table VII-3 provides the cost factors that are based on weight and axle group within a defined 
axle spacing under the :Minnesota formula. The maximum weights for which an overweight 
permit is available are: (1) 12,000 pounds for a two-axle group; (2) 18,000 pounds for a three­
axle group; and (3) 22,000 pounds for a four-or more axle group. The permit fee is a 
combination of the base single trip fee plus the damage cost fee of .xr cents per mile. 

7 Confirmed in case study interviews and commeuts to docket 93-28. 

1 Source: FHW A .. Inventory of State Practices" 

9 "Performance Audit Report oftbc Departmcm ofTnmsportation." Commonwealth of Pennsylvania Legislative 
Budget and Finance Committee. 1996. 

10 The formula is (AFxUC)xD+ADMIN whc-c AF= Axle Group Factor, UC=Unit Cost. D= Distance incrc:mcnt, and 
ADMIN=rninimum administrative fee. The cost factors adopted by Minocsc,a wc:rc based on a methodology 
developed by a MimK:sota DOT rcsearcb engino:r 

11 Comments to Docket 93-28, Minnesota Department of Transportation, FHWADocket 93-28-17, March 14, 1994 
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TABLEVll-3 
MINNESOTA 

OVERWEIGHT AXLE GROUP COST FACTORS ($ per mile) 
SINGLE TRIP PERMrTS 

0.12 0.05 

0.14 0.06 

0.18 0.07 

0.21 0.09 

0.26 0.1 

0.3 0.12 

0.14 

0.17 

0.19 

0.04 

0.05 

0.06 

0.07 

0.08 

0.09 

0.11 

0.12 

0.15 

0.16 

0.2 

Washington State passed legislation in 1995 that increased the per mile overweight permit fees for 
nondiviSible loads to reflect damage cost as well as administrative costs. Washington' s action was 
in response to FHW A findings of inconsistencies in their law and a concern that the fees were 
insufficient. Washington has a two-tiered fee structure; in addition to a "flat fee" there is a per 
mile fee. Prior to the 1995 changes, the per mile fee was capped at $2.80 for 80,000 pounds or 
more overweight. The current fee increases from $2.82 per mile for 80,000 pounds to $4.25 per 
mile for 100,000 pounds plus S.50 per mile for each additional 5,000 pounds. 

The FHW A Highway Cost Allocation (HCA) Study provides information on the overall cost 
recovery by States as well as by the Federal government. While several States are attempting to 
establish permit fees that recover damag~ to highways, the vast majority of States presently have 
permit fees that are insufficient and well below a realistic cost recovery level. Follow-up work: on 
the HCA Study will provide the States with data and methodology to use in designing permit fees 
or developing their own HCA Study. 
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STATE ENFORCEMENT OF TRUCK SIZE AND WEIGHT REGULATIONS 

The identification of possible State enforcement issues associated with changes to TS&W limits is 
dependent on understanding current practices and chalfenges. The baseline was established 
through reviewing previous studies, research. enforcement statistics, and personal interviews with 
the enforcement and permitting officials in nine States. 

Development of the "snapshot"' of State enforcement included review of the FY 1995 State 
Certifications of Size and Weight Enforcement and the FY 1995 SEPs submitted to the OMC. 
The information and data obtained ftom these documents pertained to enforcement strategy, State 
funding (budget) for the enforcement program, truck weighings and citations issued, off-loading, 
and number of permits issued for FY95. Inconsistencies in State interpretations of the FHW A 
guidelines often result from changes in personnel at the State level When this occurs, FHW A 
often provides on-site training on preparation of the certifications and SEPs. 

The role and importance of State enforcement in the management and control of State and 
Federal weight limits has been underscored in past studies. 12 The degree of compliance depends 
on numerous variables, many of which are beyond the control of State program administrators 
and enforcement officials, such as funding and State legislative mandates. 

It is difficult to obtain accurate information on the degree of noncompliance with weight limits. 
Over the past 15 years FHW A review of the effectiveness of enforcement programs has primarily 
focused on changes in numbers ftom year to year. For example, number of trucks weighed, 
number of citations issued, and violation rates are tracked. Quantifying the degree of 
noncompliance with weight limits at the State and National level continues to be an unresolved 
issue for FHW A 13 

While adequate tines and penalties are important elements in an effective program, judicial 
support is critical and beyond the control of State enforcement officials. The problem of judicial 
support was evaluated in a 1985 FHWA study. The report, "Administrative Adjudication of 
Overweight Violations," suggested alternative approaches and expanded use of the Minnesota 
Relevant Evidence model. Relevant evidence is discussed later in this chapter. 

12 A previous study by Clayton. Nix, and Fepke noted that: (1) violation rates are m indication only of enforcement 
"ability to issue or impose sanctioos" on those w.biclcs whicli are stopped and weighed. useful for comparison of one 
State to another in a given year but limited as a c:onclusivc IDC&5Ure of cffectivm:ss, and (2) that the number of 
citations issued as a pcrc:cntagc of the total truclc population using the highways in a given State would likely be very 
small, probably rninuscnlc. They also note that a minimmn "measure of c:trcctivmcss" for enforcement is the 
percci ved assurance of apprehension and pc:ualtics or sanctions that arc severe enough to have a deterrent effect 

13 Clayton. Nix, and Fcpke in Enfon:ement and OW!rweight TrTlcldng, prcsc:ntcd at the Canadian Transportation 
Rescarcll Forum in June 1992 discuss the difficulty of measuring the "real" picture of overweight trucking and 
emphasize that regardless of this difficulty, withoot weight enforccmc:nt of limits the legal operators would be 
cconomically disadvantaged, road costs would be excessive and there would be no incentive for operators to control 
loading. 

DRAFT 05/30/97 VIl-11 1997 U.S. DOT Comprehensive TS&W Study 



As noted earlier, perhaps the most important and difficult question to be answered by FHW A, 
prior to defining measures of effectiveness, is what is a reasonable level of enforcement given the 
uniqueness of each State's laws and available reseurces. 

ANNUAL WEIGHT CERTIFICATIONS AND STATE ENFORCEMENT PLANS 

Federal regulations detail the requirements for submittal of annual SEPs and certification of 
enforcement.14 The certification must contain either the signature of the Governor or his official 
designee. The requirements specify the data and supplemental information which is required 
including a statement of enforcement of the ISTEA length and weight freeze (see Appendix_). 

Failure to comply with the conditions, or provide the information required, may result in a 
withholding of Federal-aid highway funds. FHW A utilizes an incremental administrative 
procedure that gives States the opportunity to resolve discrepancies or problems and avoid 
sanction. Sanction proceedings may be initiated for one or more of the following reasons: (I) a 
State fails to submit the required certification (10 percent of highway funds); (2) FHWA 
determination of inadequate si7.e and weight enforcement on the Federal-aid system following 
review of the anrnial certification and SEP (10 percent of highway funds); and (3) FHWA 
determines there is an inconsistency between State and Federal weight limits for the Interstate15 

(100 percent ofNHS funds) (see Appendix_). The frequency of use over the 16 year period 
summarized in Appendix_, for each of the three reasons, is summarized in Table VIl-4. 

TABLEW-4 
FHWA REVIEW OF STATE ANNUAL SIZE AND WEIGHT CERTIFICATIOW­

CONOrTIONAL APPROVALS 1978-1994 
Number of States Receiving Conditional ApprovalP 23 

14 Part 657 of Title 23 CFR. 
15 23 U.S.C. Section 127. 

16 Sec .Appendix G 
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Since 1978, several States have received conditional approval of their annual i::ertifications and 
SEPs; some frequently. Through 1995, conditional acceptance of certifications has occurred on 
forty occasions with sanctions threatened. Seven of the forty cases resulted in letters being sent• 
to the Governor on the impending sanction. In fact, all conflicts were resolved and sanctions were 
not imposed. Ap~dix _ shows that in two (1979 and 1980) of the seven cases inadequate 
enforcement was given as a reason for the proposed sanction. As this illustrates, FHW A and the 
States make every effort to resolve conflicts administratively and through cooperative 
arrangements. 

WEIGHT ENFORCEMENT 

The FHW A's OMC extracts data from the annual certifications, which is therr compiled into tables 
for the annual Inventory of State Practices on Overweight Permitting. Historic data from the past 
inventories and the certifications indicates a significant growth in enforcement activities from 
1978 through 1985. 

State size and weight enforcement, nationwide, has increased in the last 10 years, even with the 
additional demands on the States for safety inspections under the MCSAP. The increasing 
number of trucks operating in interstate commerce and the inaeased use ofWIM technology for 
screening trucks is reflected in the increased number of vehicle weighings. In 1985, the States 
weighed 105.2 million trucks (including 7.9 million on WIM) on all types of scales {fixed, 
portable, semi-portable) with only four states using WIM. In 1995, the total number of trucks 
weighed (mcluding 57.9 million on WIM) increased to 169.6 million with 28 States using WIM in 
some capacity. The increase in the number of vehicle weighings continued through 1993. A 
decrease OCCUITed in 1994 and 1995 which reflects the inoperable condition of equipment (WIM 
or scales) in some States, as well as weather factors and personnel constraints. 

During the same time period (1985 to 1995) the total number of overweight (axle, gross, and 
bridge formula) citations issued decreased slightly from 664,000 in 1985 to 655,000 in 1995 while 
the number of trucks weighed ( excluding WIM) increased by 14 .3 million. As the violation rates 
shown in Table VIl-5 indicate, the percent of trucks weighed that are cited for weight violations is 
very small and deviates little over time. 

In addition to citations, the requirement for an overweight vehicle either to off-load or shift the 
load until legal can be a strong incentive to comply. Off-loading and load shifting requirements 
are effective immediately, and the inconvenience and/or added cost which the violator incurs may 
contribute to increasing compliance. After decreasing from 1985 through 1991, off-loading and 
load shifting as enforcement tools appear to be increasing in use. The use of off-loading may be 
based on several factors including mandatory off-load parameters established by State legislatures, 
departmental guidelines or policy, prosecutor guidelines, or officer discretion. 
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TABLEVll-5 
STATE WEIGHT ENFORCEMENT FY85-FY95 

} __ •·,,_·I,~,.',:,···,, -.:···•·, .. ,., •. ·:.·,.·,.·.,·.,•'.,::_.'.•,:.,· .. r,,:,_,:. :_.:,.l,_:,,:':w: •.:-•:_·:._,,.:·'.·.,,.·,,,:,.1:_:.':,':_ ... ,,,_·,•.• ·,,',.•,,·•.:·',.: '·~ ... l)'':,'•.:,·'.WDI):,,,·,.,·,,·::,':::'':':.'.·:,,:':,·· .•. '.,.·••,:',.:._:,_:.'_:_. :=#...-..cad~{ } );w~•Li:r: •:vw... < .· 011'.l.-w ·:, .,_:.·: L_ .. ~ :·:•i f · -,....-: · \/(;'f/<W>;t:'.md ,.,,:;pr_st~ 'i:f/: \:j.,:llae:;:;f t:=,.:,,:,y_:::'::>: ----
105,234 97,330 664,033 0.007 106,618 371,104 

113,269 lOl,504 650,721 0.006 11,716 395,114 

117,900 104,452 671,2S9 0.006 15,949 432,591 

130,la 111.532 '700,921 0.006 19,033 453,141 

146,950 124,617 692,.673 0.006 7'9,309 431,514 

149,117 126,076 667,463 0.005 76,769 425,291 

U0,421 116,7'9 663,204 0.006 IS,935 396,913 

160,$36 113,563 611,!116 0.006 60,142 310,249 

111,119 653,492 0.006 76,611 451.643 

161,066 lOl,124 642,616 0.006 12,491 447,396 

111,620 654,903 0.006 105,941 472,614 

Table VII-6 indicates that when the total number of trucks weighed is disaggregated by scale 
type, the distribution from 1985 through 1995 clearly indicates the significant influence ofWIM 
as a screening tool on scale house efficiency. Enforcement strategies from year to year appear 
fairly constant, with the bulk of weighing occurring at fixed facilities. In 1995, only five States, 
four in the Northeast and Alabama, did not use fixed scales as part of their enforcement strategy. 

TABLEVM 
TRUCKS WEIGHED BY SCALE TYPE, FY85 THROUGH FY95 (Ooo·s) 

. •.,·.- ·. 
·:T.W(\ . ,, .(/'. 

1.152 1,494 7,.903 105,234 

100,010 1,231 1,257 10,764 113,269 

101,101 1,444 1,,206 13,449 117,900 

1()1,111 1,439 1,212 18,656 130,111 

122.111 1,312 1,117 22,263 146,950 

123,741 1,175 l,U3 23,111 149,117 
•••.••••• , .......... -•• ❖ •:;,· ·. 

~~~~t:r~w 114,271 1,233 1,255 33,669 150,421 

111,016 1,229 1,311 46,.973 160,$36 

109,347 1,231 1,304 50,726 162,615 

105,679 1,113 1,262 52,942 161,066 

109,275 1,107 1,237 57.948 169,568 
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Many of the measures of compliance (number of weighings, number of citations issued) are more 
input measures than output measures and offer limited information on the extent of illegal 
overweight activity in the State, and no information on legal overweight activity. 

In general, there are three commercial vehicle enforcement functions which are performed during 
roadside and scale ·house inspections. These are credentials verification, vehicle size and weight 
enforcement, and driver/vehicle safety inspections. 

A State's choice of enforcement strategies is dependent on many factors, including traffic 
patterns, resources, geography, and environment. Key factors influencing the choice between 
fixed facilities or mobile enforcement, as well as the advantages/disadvantages of each strategy, 
are noted in Table VII-7. The key physical elements of a fixed facility are stationary scales, space 
and lighting for safe inspections, voice and data communications, shelter, controlled highway and 
inspection facility signage, acceleration or deceleration lanes, washroom facilities, and use of 
technology such as WIM, Automated Vehicle Identification (A VI), and cameras. 

Table VII-7 provides a summary of factors influencing the weight enforcement strategy a State 
might select. Generally, most States include all of the strategies, in varying degrees with mobile 
and portable scale teams patrolling on by-pass routes.17 

TABLEVl-7 
SELECTION CONSIDERATIONS FOR WEIGHT ENFORCEMENT STRATEGIES 

langeiiai$1.7milliaa1ocmr 
"milliall' 

l411111n (l) cla)'S a_. opcnliaa: 
minimn IIIBiagaf 17 

Cclllaflaad,eqnipmn "1111,ipp 
($300,000 er mme) 

Law 'Vilibility, Hip ddarmcc fir lacal 
1ndlic -swash Italian _,.,_ 

' Saunz: "fmencingds~af~Md«Vebidellllfi 1·rn" Govemar'1C · ·1111anf.canamyaadFJficiw:yi11Slaac 
Gu.aw.cu. Navanba- 1990. Mcmlpdi«, V___. 

, $1.7 mi1liall to cmllrlll:l SlCnlix_ u· Ci facility CID 1-94 ill 1987; $2.-4 miJliaa far WCIOIIJum. 0rcp CID 1-S ill 1916; $53 miDiaa (~ 
~) far jamt pon-af-cmy a SlGearp, Ulah CID 1-15 ill 1990. VCIIDDlll Af,C!Of:Y afTnimporWion 

, Opentianlimilaitodayliglltlloln, .....aba-iaaaa1oul~ 

17 As noted in annual SEPs submitted to FHWA 
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Although the weight enforcement program has improved from a National perspective, there is 
need for continued improvement, both in Federal administration and oversight as well as State 
enforcement and administration. While positive steps have been taken at both levels, much 
remains to be done to correct outstanding issues in enforcement. 

WEIGHT ENFORCEMENT AND MOTOR CARRIER SAFETY ASSISTANCE 
PROGRAM 

Weight enforcement and MCSAP inspections are not mutually exclusive. The integration of 
weight enforcement with safety inspections without reducing the effectiveness of either program 
is an important issue. Therefore, it is esseorial to determining the current level of enforcement that 
data from both motor carrier programs adrnuristered by OMC and enforced by the States be 
included, that is certification of weight enforcement and MCSAP. Consequently, the data 
reviewed included resources dedicated by the States, weight and safety inspections performed 
(trucks weighed, citations issued, type of enforcement, weight enforcement personnel, truclcs 
inspected, and vehicles placed out-of-service). The inclusion of the MCSAP inspection data is 
essenti!l to providing a complete picture of State enforcement at weigh facilities, whether fixed or 
portable strategies are employed. 

Currently the States provide the bulk of funding for enforcement of motor carrier related 
regulations. There is no Federal funding available for the weight enforcement program, except for 
those vehicles weighed incidental to MCSAP inspections. The States annually commit resources 
of approximately $281 million to enforce State and Federal weight laws and meet their SEP goals 
(see Appendix _J. In FY95 the Federal and State MCSAP and State TS&W enforcement . 
expenditures totaled $342 million, with 82 percent of this total from State funds as Table VIl-8 
shows. The Federal funding under MCSAP11 was $49 million in FY95, distributed among the 51 
States (and territories) under an 80/20 match, this represents a decrease of 12 percent ($7 million) 
from FY1994. 

11 MCSAP funding to the States bas hem primarily for roadside impcctioos of whicles. The FHW A/OMC inspectors 
CXlOtiDuc to c:ooduct the bulk of Ccmplimce Reviews (CR) of rcgistacd c:crias. altbcugb. the States arc being 
c:ocouragcd to pc:rform CR audits to reduce the nmnbcr of unraacd cmicrs. 
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TABLE VI-I 
FUNDING OF STATE MOTOR CARRIER ENFORCEMENT 

EJISPIMtpm PCIJOlllld 

M~AfBmlr~ml $ 61,267,000 1,069 
F~(80%) $ 49,021,000 
Sllllc(20%1 $ ll.239,000 

WmM F.arG1n I $ 210,'706.000 6,061 
81111c ( 100%) 

TOI'AL Sk1.f'73,IGI 1.ue 
--rhc 20 paWlll 1qawllll Gllly111e l'llqllind Stare ..adlfar MCSAP .6..1111 and mit 111c IOIPI npedibne 
by111e Stalafiar llfdy adiaCIUllillL AD Stats- cloiaglUIII> amcua kmg bcfiJre MCSAP and 
OGrllialae to plKc m ....._ en a&c,. .afi..w ;naudl- • apeml limill, Ink& dia:a, 'wilidc 
eq,ripmld '-.cb. nmwrlirmlillgcm:b. 

In general, the numerical measures of enforcement (mcluding expenditures) of size and weight 
laws and Federal safety regulations in the years since the STAA of 1982 have increased as 
Table VIl-9 illustrates. It is apparent that some States support more comprehensive programs 
than others. 

TABLEVll-9 
COMPARISON OF STATE MOTOR CARRIER ENFORCEMENT ACTMTY 

(OOO's) 

One problem for weight enforcement at fixed facilities is "scale avoidance. "19 Over the years it 
has been assumed that the only reason trucks avoid scales is because they are overweight. While 
this may have been the case in the early 1980s, it is probably less important in the 1990s. With 
forty-nine States and the District of Columbia participating in MCSAP, and an increasing 
emphasis on safety inspections, many trucks circumvent the scale houses to avoid a roadside 
inspection rather than to avoid being weighed. Therefore, mobile safety enforcement ( as with 
weight enforcement) is part of a comprehensive safety enforcement program. 

19 Cited as a problem by the GAO in "Excessive Truck Weight An Expensive Burden We Can No Longer Support" in 
1979 and the Florida DOT study, "Weigh Station Evasion by Traw", 1994. 
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SAFETY ENFORCEMENT 

In the 1982 Motor Carrier Safety Act, Congresn:reated an Office ofMotor Carrier Safety and . 
established a Federal grant program for State enforcement of the Federal Motor ~er Safety 
Regulations (FMCSRs), the MCSAP in STAA of 1982. Due to a significant increase in the 
number of commercial vehicles operating in interstate commerce, the resources of the FHW A's 
Bureau of Motor Carrier Safety (BMCS) program were insufficient to meet the enforcement 
demands of carrier audits and field safety inspections. 211 

MCSAP participation continues to be a vobmwy commitment by States that accept a "basic" 
grant21 to enforce the FMCSRs and conduct safety inspections. In FY84, the first year of the 
program, there were only 17 States participating, by FY 199S this number had increased to 49 
States and the District of Columbia. Only South Dakota remaiM outside MCSAP. 22 

As in the weight enforcement program. States that are determined by FHW A to have laws or 
regulations inconsistent or incompatible with Federal laws and regulations are subject to 
sanctions, in this case the withholding of up to 50 percent of their "basic" grant. As in the weight 
enforcement program, the majority of States facing MCSAP sanctions implement the necessary 
changes and avoid loss of funding. 23 

Until 1992 enforcement activities funded under MCSAP were limited to operations directly 
related to safety inspections, whicli did not inch•de weight enforcemc:ot. Partially in recognition 
of the reality that enforcement of weight and safety regulations occur simultaneously or in 
conjunction with one another, ISTEA expanded the "flexibility" of States to use MCSAP funds 
for weight enforcement under certain conditions. 

A comprehensive State commerciaJ motor vehicle (CMV) enforcement program includes both 
weight and safety elements, and improvements to one should also serve to improve the other. 
Additional information on what the States are currently doing in their enforcement programs is 
useful in developing the base case on enforcement. An example of a State comprehensive weight 
enforcement and safety inspection plan was developed by Michigan DOT and State Police in 1992 
and is included in Appendix_. 

lO Prior to 1982 Fedenl BMCS impectan c:oordimled field inspcctioDs with State wagb1 eafmccmmt pea50UDel, since 
the Fcdc:ral in.,pcctors had no lcpl autlaityto stop w:hiclcs. 

21 Since 1982. the MCSAP funding prugrams have inc:Kacd beyood the "'basic" gnmt to include a supplc:mcntal grant 
program. Supplc:rnc:ntal program areas include: (1) Traffic Enforc:em:nt. (2) Hazardom Materials Traimng, (3) 
Drug lntcrcliction (DIAP), ( 4) Research & Devdopmc:nt:; md (5) Uniformity. SuppJc:rncntal grms arc not 
cootingait oo State participation in MCSAP, thus Soud1 Dakota is eligible for funding. 

22 South Dakota, by choice, docs not participate in MCSAP as far as m:eiving funding under the "basic" grant The 
State has adoptm the FMCSRs and docs ciforce and perform safety inspcaioas with 100% State funding. 

23 An c:xceptioo occurred in FY95 when sanc:tioos w=c imposed 011 two States. Maine md Prmsylvania., aod SO 
pc:n:c:nt of the "basic" grant WIS withheld. 
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CASE STUDIES 

-
Interviews and meetings with State size and weight enforcement and permit officials were 
conducted in nine States to obtain direct input and supplement infonnation on file in the OMC. 
The selection of States was detennined in consuhation with the OMC which oversees both the 
size and weight program and MCSAP. The selection of States for interviews provided regional 
coverage for the six regions defined in the CTS&W Study:24 Northeast, Southeast, South 
Central, Midwest. West. and California. 

The criteria used included LCVs operating in State, States with no LCVs allowed, States with 
ports, high truck traffic corridors, use of Intelligent Transportation Systems-Commercial Vehicle 
Operations (ITS-CVO) in program, ranked in top 10 States for number of trucks weighed or 
weight citations issued, States using fixfd facilities, and States with no fixed facilities for 
weighing. Table Vll-10 provides desaiptive information on the weight programs for each of the 
nine States. 

TABLEVl-10 
OVERVIEW OF CASE STUDY STATES 

W• Dq,t. afPubliic SafAlty Panallk No Y-. 
bypamit 

Ca1ifinia Califinia Hipway Fmd.Panallk No No 
Plllral 

Soulbmtl Geargj&DOT Fallll, Y• No 
Panallk 

Nordlall MdSlalel'olice Fmd. Panallk Y• No 
MdT,-Audl 

Nartbmll Ma Slale Police Pm1abie,Mobile Y• Ya, 
Unils bypamit 

Miclwal Mn Slale Plllral FualPOE, Yes No 
Partable 

Nordlall Dq,t.OfSa&ty Partable Y• No 

Wat On:gmDOT FualPOE, Y• Y-, 
Panabk bypamit 

Nordlall Pa Slale PaliGc Fam,Par1ahk Yes No 
PaDOT 

l hgiam: NE-er ,DE,DC,ME,MD,MA.NH.N.J,NY ,PA.JU. V'f,VA, WV; SE•~GA.I,A.MS,NC.SC,TN, 
MW•Il.,.IN,IA.KY .MI.MN,MO,OH, WI; W•AX,AZ.COJU.ID,KS,MT,NE.NV ,.NM,ND,OK,OR,SD,TX,Uf,W A, WY 

2 Sec ctienmion QII Page Vll-23 dm:ribiag Admiaiillaidive Adjudication 
3 Ariz.ma mfon:anaitmay me wagtitalipa u t.ilfm1il:km cm GVW violllic.a wilbout wagbmgtrud::a anac:alm 

Ycal3 

No 

Ncw'<4 

No 

No 

Y• 

No 

No 

No 

4 Geargia'1 fina firoverwe:igb& ~ .-e1raseda.aa:uiuiallaiw ~ IDd CIOilec:red 1bnJugbm ..auiliilaidiw adjudicatiall ~ wbic:h 
cawd be an allamtm:: far coUcction af Jim&. 

2A The regions dc6nc:d in the TS& W study arc not the FHW A regions~ however, the nine States selected rcprcsc:med six 
of the nine FHW A rcgioos and five of the six TS& W study regions. 
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The case studies provided an opportunity to receive information directly from field enforcement 
and permit officials in the States on how the programs arc operating. Key points of discussion 
that evolved from the case studies are noted below, and additional points arc discussed in 
Appendix_. 

PERMIT OPERATIONS 

Refusing to Issue a Permit 

In the c:ase study States, issuance of overweight permits is generally not an automated process. 25 

Although States screen applications for accuracy and compliance with minimum requirements, 
such as insurance, most do not check or consider carrier safety records or safety ratings issued by 
FHW A A State's law may allow for the permit official to refuse to issue a permit, however it is 
unlikely that a permit will be refused for a poor safety record or rating. For example, Georgia law 
specifies that "For just cause, including, t,ut not limited to, repeated and cons!stent past violations, 
. .. an official of the department designated ... may refuse to issue or may cancel, suspend, or 
revoke the permit of an applicant or pennittee." Since many of the permits issued are multi-trip 
or annual, screening would primarily be limited to the single-trip permit applicant without an 
automated system 

Vehicle Certifications for Weight versus Overweight Permits 

In two of the c:ase study States a certification appears to serve as a permit to operate over the 
GVW on State highways for certain vehicles. The certification is to verify that the vehicle does 
not exceed the truck mamrfacturer's GVW rating. The certification process in one State requires a 
visual inspection of the truck by an enforcement officer, when:as in the other State a clerk only 
verifies paperwork to see that it is in order. In both States the certification is a one-time 
requirement, as long as the owner remains the same. 

Permitting of International Containers 

Permitting of international oontainers is generally limited to those States that have marine ports, 
either coastal or on the Great Lakes. In the case study States, the GVW limits that are allowed 
for the container permits range from 80,000 pounds in Georgia to 105,SOO pounds in Oregon. 
Table VII-11 summarizes the information on container permits for the nine c:ase study States. 
The data that is collected by the States on the permits is limited as most are multi-trip (annual) 
permits and not vehicle specific. 

25 With the exception of Mioocsot.a and Oregon. 
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TABLEVl-11 
CONTAINER PERMITTING IN CASE STUDY STATES 

1111 Ys 
Trip aad Amaaa1 Pennia 

Nat Available 

Y• 
TripJ>lmill 

Yra 
SlOtrip 
$100,-: 'wmde 

NA 

Y• 
e..11es1.s.,­..._. ___ 
file 

NA 

Y• 

NA 

9.S.000 Iba. 

Trip: 100,000 Ill.; 
22.000/40.680 ... 

Amaaa1: 10 10,000 Ill.; 
20,340,.-ulc 

90.000 ... 
22,'40Q.f4">,000 ... 

NA 

Nc-........ lJVW 
46,000111. ..... 
60,000 ....... 
10,000111.c.-,d 

NA 

10.S..SOOIII. 
21.00()/42,000 la. 

90.000111. 
ll.000/42,000 Ill. 

Pc1111afLmA.-andLIIQg 
8mm. wilbin.,cifiedclil&lai:c af 
pGl1L Jvewllide andnuc 
lplllCik. Olldllldllllila­
pmmilprapmiflrtbc Part. 

1-appuaiuadJy 300 ,. •y. 
IDOOlldlarplllparmara 
,-ill. 

T~ Part afBaliimln, rau&e 

•-icacu. • 'wmde lplllCik. 

NA 

NA 

• $100 fir l.S arxwa-ndc~ S1.SO b 1610 .SO trudc~ Sl50 b .Sl ID 10011'11dt~ S:J.SO i:r 10110 I.SO ndc~ 111d 
$400 fir ..-c It.a I.SO 11'11dt-4ndon. 

ENFORCEMENT OPERATIONS 

Weigh Facilities and Equipment 

Problems of inoperable or obsolete equipment, repair or maintenance work not completed 
expeditiously, and inconsistency between States and regions are common issues cited by FHW A 
in the review of the Annual State Certifications and confirmed in some of the case study States. 
States that are subjected to harsh winter weather conditions and have a very limited number of 
fixed weigh facilities, as with three of the case study States, contend with the problem oflocating 
plowed roadside inspection areas for safely weighing trucks. 
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Roadside inspection facilities are often insufficient to provide a safe environment for the officer 
and vehicle being weighed, and limit the nwnber of vehicles that can be safely stopped for 
weighing. The Minnesota State Patrol operates-under written guidelines for enforcement in the· 
selection of appropriate inspection areas for weight enforcement. Other State enforcement 
agencies may also consider implementing guidelines. 26 

Grandfather Rights and Nonuniformity Between States 

Nommiformity in weight limits and permits as the result of grandfather rights in contiguous States 
is an issue raised by enforcement in many of the case study States. The iDlpS\Ct of different limits 
or exceptions in neighboring States often results in the addition of new permits or exceptions with 
each legislative session, resulting in the "ratcheting effect."' The nonuniformity created by 
constant changes in limits and exceptions suggests that a uniform standard, whether Federal or 
regional, may be desirable. Uniformity, in this context, could be a means of "leveling the playing 
field" between States and the industries in those States. For instance, weight permits for milk in 
New York was cited by Pennsylvania officials as one reason legislation was passed for new 
overweight blanket permits for milk and steel coils, in 1995. In late 1995, the Pennsylvania permit 
law led to inquiries from the Maryland industry about pursuing a similar law. rr This is an example 
of the process of "ratc:hcting" weight limits upward over time because of competitive pressure 
from neighboring States. 

Complex Regulations Should be Avoided 

State field enforcement personnel and officials interviewed during the case study process generally 
believed that complex regulations should be avoided.21 National standards, particularly those that 
require field enforcement in the States, should be developed in full consultation with State 
enforcement officers. Regulations must be easily comp"ebeoded by enforcement personnel as well 
as by those expected to comply. Often the education of industry occurs when a ticket is written 
and the State enforcement officer must explain the law to the driver. A regulation that requires 
specializ.ed equipment or facilities and technical expertise will be difficult to enforce. 

26 Tbe 1996 death of an Indiana State inspector md the truck~ of the vdiicJe be WU inspec:ting led to calls by 
some cofora:mcnt and industry rq:,reseotativc at the 1996 Cc 11111~ V chicle Safety Alliance IIDDDll meeting to 
cud roadside inspections 

'Z7 Tbe Penmylvaoia permit is for 94,000 pounds. bowevel- the axle limits af 21,000 pounds (single axle) and 42,000 
pounds (tmdcm axle) canoot be exceeded '"thin the ex.isring length limit Tbe permit is cmly valid off the Inta'State. 
No law was introduced in Maryland in 1996. 

21 This obscrvatioo coofirms the findmgs prCSCDtcd in Tnmsportatioo ~ Board Report 22.5. 
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IMPROVING THE EFFECTIVENESS OF THE 
TRUCK SIZE AND WEIGHT PROGRAM 

Interviews with representatives of the FBW A's OMC regarding the size and weight certification 
process and MCSAP indicate that activities are underway in both areas that may have an impact 
on operations of State enforcement. Of particular interest in the context of this discussion are the 
completion of "pilot projects" on implementation of relevant evidence legislation in four States: 
the Oregon study under way on size and weight violation data and carrier safety compliance 
history; and revisions to the certification and SEP process published under an Advanced Notice of 
Proposed Rulemaking (ANPRM) 93-28 in 1993. 

ADMINISTRATIVE ADJUDICATION OPTIONS: RELEVANT EVIDENCE 

In 1985, an FHW A Study was completed on the problem of administrative adjudication for 
weight enforcement in the States. The study identified various options for administrative 
adjudication that could be used to improve the effectiveness of State enforcement programs. One 
such option was "relevant evidence" as used in Minnesota since 1980. "Relevant evidence" 
allows the use of bills of lading, weight tickets, and other documents that indicate the weight of a 
truck to be used as evidence in a civil court proceeding to establish overweight violations."29 

Enforcement is accomplished through an audit, generally of the shipper or freight forwarder, and 
civil action can be taken against the driver, the shipper, the owner and/or the lessee for all or part 
of the fine, depending on the degree of responsibility for causing the overweight movement. The 
audits also provide a means to enforce the multiple trip permits and recover some of the damage 
costs as well as to determine frequency of use. 30 

29 "Effcctiveoess ofRclevam Evidence in Reducing Truck Overweights." Report made through a cooperative effort of 
the Mmncsota DOT and the Minnesota Departme:nt of Public Safety. p.2. 

30 Minnesota's weight c:nformnalt pcrsmmel intaviewed in the case studies believe the prugtam bas been a great 
~ md are strong supporters of the approach. The findings of a 1985 program cffcctivmess audit by MinDcsota 
DOT and State Police indicated that. as part of a compreheosivc weight cnforccmc:nt system, relevant evidence 
proved to be c:xlrrmely successfhl in restricting the opc:ratioo of illegally overweight vehicles. 
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In 1993 FHW A initiated a "pilot project" to assist a selected number of States31 in adopting 
"relevant evidence" laws. The project was completed in 1996 with none of the States succeeding 
in passing legislation to implement relevant evidence. The preliminary observations from the 
relevant evidence project indicate that industry opposition to proposed legislation succeeded in 
defeating the bills. Renewed interest in "relevant evidence" laws has been expressed by several 
States; this may be a viable option in the future under what could be a new paradigm of weight 
enforcement. 32 

Another approach to administrative adjudication was reviewed in the discussion with the Georgia 
program administrator. Georgia adjudicates all weight citations through an administrative process 
within the DOT rather than through a court system which in theory should increase the probability 
of collecting fines. The process is quite similar to the way in which tax audits arc processed, that 
is, the citation is issued, and the fine must be paid within a period of time or a hearing requested. 
Failure to pay results in initiation of a collection process by the DOT Investigative Unit. The 
result of the collection process may be impoundmcot of the vehicle, suspension of the registration 
or placement of a lien. 

INCREASED TECHNOLOGY DEPLOYMENT 

COMMERCIAL VEHICLE INFORMATION SYSTEMS AND NElWORKS; 
DEVELOPMENT AND OPPORTUNITIES 

Commercial Vehicle Information Systems and Networks (CVISN) describes the ITS elements 
which support CVO. CVISN includes activity associated with commercial vehicle credentials and 
tax administration, roadside inspections,· and freight and fleet management. It is a national effort 
to coordinate and integrate technologies in use or under development to improve efficient 
operation of motor carrier programs to benefit govermnent, carriers, and other stakeholders. 

Until recently, the use of technology for CVO has been more prevalent in the West and 
Northwestern States than East and Northeast. In its oversight role of the State weight 
enforcement pro~ the Federal interest and involvement in technology use and deployment 

31 The four stata 9dcck,d were Iowa, vvisieoa, Mississippi, and Momma. Each state n::ceiwd S50,000 in funding 
from the Fcdc:ral-Aid program as supplemental grams to MCSAP. 

n Milan Kruk.Ir and Ken Evat described tbc:ir view of a paradigm shift in TS& W c:nforccmmt at a 1993 coofc:rc:ncc, 
noting that ISTEA accdcratcd the smfb. The elevm paradigm shifts they obsaved are: (l) the traditional 
rclatiousbjp betwrm the motor carrier indmtry and c:nf01c.anent bas evom:d frml 011C afhaving to cbcck all tnrJcs 
to emphasis cm potc:otial violators; (2) a dlqc in intrmal cqmizatioo al lttitudc: of transportation dcpartmmts 
toward c:nfcrccment; (3) tcdmology shifts toward combinations af WIM, A VI 1111d other tcclmologics to replace the 
traditional measurc:mcnt methods~ ( 4) mc of rdevaDt evidence laws to bold sbippc:rs/owmn respoos1l>le for 
violatioos rather than driva-s; (S) changes QI weight citations toward a WIM staodant (6) metric cmversioo; (T) 
intamodal impacts 1111d oppcnmitics foe c:nforcc:mc:nt, lia:osing, taxation of all modes~ (8) infrastructure capacity 
control of truck traffic with technology; (9) integration of intcrmodal time schedules with tcclmology, (10) weight 
overload citation changes fn:m the criminal to the civil court system and the use of ESALs rather than ~ for 
weight violations~ 1111d (11) global enforcement needs for stmdardizc:d limits. 
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for CVO has been most prominent in the advocacy ofWIM and A VI. The ISTEA provisions for 
a Federal role in the deployment and testing of IT§ technology, including a CVO element, has 
generated interest and support from many States. 

Although CVISN technology holds some long-term promise in the identification of overweight 
vehicles and the enforcement and permitting of size and weight regulations, issues remain. The 
use of ITS technology holds promise for State administrative functions, such as permitting of 
vehicles and loads. and the collection of enforcement data into a "real-time" entry and access 
database. In fact, many States have either implemented computerized permit systems or are in the 
process in doing so. 33 

The technology discussed below has been in use, is currently being tested, or is available for use 
for State size and weight administration and enforcement. The Federal role in promoting the use 
of technology in the 1980's focused on the combination ofWIM and AVI for monitoring and 
collecting data on vehicles and in encouraging States to use WIM for screening of vehicles. As 
new technologies evolve, additional opportunities for improving enforcement effectiveness may 
present themselves. 

Weigh-In-Motion 

The use ofWIM for screening at fixed weigh &cilities provides enforcement with a tool to 
improve the efficiency and effectiveness of operatic~. Although WIM is excellent for screening 
purposes, it is not without its problems. WIM equipment has frequent maintenance requirements 
arising primarily from heavy use. Thus, this almost indispensable enforcement tool is often 
inoperable for extended periods of time. 

A 1994 study conducted by the Florida DOT for the purpose of assessing the feasioility of using 
WIM for weight enforcement personnel, exemplifies the benefits to be gained from the use of 
WIM. The findings strongly support WIM use by enforcement for identifying areas in need of 
weight targeting. The findings also support conclusions of previous studies that lack of any 
enforcement results in high noncompliance and the highest enforcement results in complete, or 
near complete, compliance for those trucks weighed. 35 

ll Minnesota's computc:rized permit system WIS OllC oftbe first implemented aod bas sc:rw:d as a model for othl:f' States, 
reducing the time involved for carriers and the State ageocy for issuing a "routine" pcnnit to approximately 30 
sccoods. 

34 
.. Wcigb•In-Motion T eclmology Improves Highway Truck Weight Rcgulatiao." Laurita, Sellner, and DuPl.cssis 
discuss the bcndits and prob)am. citing New Jc:nc:y and Delaware's incorpotation into plmming afweigh stations 
and uses in by•pass route: mooitoring. 

35 Periodic replication of this study methodology in other States could provide mdul information for evaluating the 
cx1cDt of the overweight problem naticmwidc. One rc» d 1111 ~•ti~ made by the study group WU to require the 
States to rcpcrt on weigh station bypass cnforccmcnt in the annual certifications. One limiting factor af the study is 
the vdliclcs weighed were exclusively S•axlc tractor trailers. 
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Other possible uses of WIM for enforcement exist, such as combining WIM with photo imaging 
and assessing civil penalties for violations. Another possibility within the scope of CVISN is to .. 
expand the use of high speed weigh-in-motion (HSWIM) off'the Interstate System for 
enforcement in States not airrently using WIM. This could increase the number of trucks that 
could be screened .and weighed by portable scales. 

Weigh-In-Motion and Photo Imaging 

Photo imaging is a technique currently used for traffic ·enforcement in some States and large 
metropolitan areas where laws allow a citation to be issued for a violation ( such as, stop sign or 
red light) based on a photograph or video reading of the vehicle plate. A combination ofWIM 
and a camera plate reader to match up an overweight truck with the vehicle owner is being tested 
and evaluated in Minnesota. The impact of weather and speed on the photo image is one area 
being evaluated. This combination of technologies could provide a means to enforce weight limits 
on overweight vehicles by-passing scales if problems associated with c-Jirnate can be resolved. 

Automatic Vehicle Identification and Automatic Vehicle Classification Systems 

Automatic Vehicle Identification {A VI) and Automatic V ehide Classification (A VC) systems 
have been in use for many years, primarily by the private sector for such things u tracking 
intennodal containers, parking lot contro~ and fee assesment The potential use of A VI for CVO 
and enforcement was tested in the Heavy· V chicle Flectronic license Plate (HELP) Crescent 
Demonstration Project in the 1980s.36 The HELP/Crescent evaluation team concluded that there 
were benefits to be derived if technical problems and barriers could be overcome. They 
concluded that the CVO services that arc closest to being ready for deployment and 
implementation are the automated roadside dimension and weight screening technologies. 

Bar Codes and Readers 

Bar codes and readers may be used in the future to facilitate permitting and enforcement. This 
could poteotiaHy include checlcing credentials and data collection on registration, taxation and 
overweight permits. Since approximately 1990, bar codes have been in use by customs brokers 
on the Canadian border for international freight docwnents. This allows the documents to be 
scanned by customs officers providing a screen display of the data and entry into a database. 

36 The HELP/Crescent project tested A VI. A VC md WIM in combination on the I-S corridor and involved the States of 
Washington. Oregon, California. mi Arizooa md the province of British Columbia. The project was initiated in 
1983, the demoo.strati011 elemmt implc:mcntcd in 1991 and coacludcd in 1993. The acsccnt shape of the I-5 corridor 
led to the projea name. 
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Geographic Information Systems 

Geographic information systems (GIS) is a technology currently in use by State transportation 
planners with potential for use in strategic weight enforcement planning. State DOT GIS 
databases could include information related to truck operations, such as known "generators of 
truck traffic" (i.e., asphalt plants, quarries, landfills) and access to the information could be 
provided to enforcement programs. Although individual enforcement officers may be familiar 
with the location ofmcilities ~ their patrol areas, a compilation of Statewide facilities is unlikely. 
Alone or coupled with WIM data, the GIS could provide a strong tool for enforcement planning 

Pilot Projects on Brake Testing Equipment 

The FHW A's OMC is funding two States (Maryland and Mmoesota) to evaluate brake testing 
equipment and its potential for use as a scrcc:ning device for MCSAP inspections. The Minnesota 
brake testing equipment was installed in 199S and has just completed a year in use. In addition to 
the braking data, a diagram is generated with weight distribution on axles and tires shown ( see 
Appendix _). Therefore, not only can an axle weight be determined but the distribution of 
weight on each tire can be obtained. 

COSTS OF TECHNOLOGY DEPLOYMENT AND MAINTENANCE 

The use of ITS-CVO technology beyond the completion ofFederal "prototype" and "pilot" State 
testing and evaluation will be contingent on overcoming barriers to include: (1) institutional; 
(2) legal; (3) industry acceptance; and ( 4) financial. Cost related to technology deployment and 
the required maintenance of the systems arc two particularly important issues which remain to be 
resolved. 

To illustrate the commitment of resources required to implement, Oregon developed a strategic 
plan for ITS-CVO in 1993. The State calculated the cost to implement and maintain such a 
system to be $23.3 million (1993 dollars) over a six-year period.37 The technology included WIM 
& A VI (7 Interstate sites, 14 sites on the State primary system, and other sites on/off the State 
highway system) and dynamic warning systems. Federal funding for implementation of a portion 
of the plan as a National CVO project prototype was made available at an 80/20 match, with six 
million dollars appropriated for the Federal share. 

The Oregon plan projected total costs over a 20-year period to be $48.2 million and the benefit to 
the State as $150.2 million due to reduced tax adrninistrative costs, tax evasion and road darnag~. 
Motor carrier costs were also esrirnated over the same 20-year period to be $23 .1 million, and 
benefits equal to $195 .1 million from time savings, reduced procedures, and reduced tax 
administrative costs. 

37 $13.2 million for coostructioo, $4.6 million f<r opcratioos and maintc:naoc:c. $4 .1 million for information system. 
S0.9 million for research and development testing. and $0.S million for planning and coordinatim. 
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Obviously costs and benefits vary from State to State, or region to region, an ongoing financial 
commitment of significant funds will be needed in order to realize the benefits. 

CURRENT REGULATORY REGIME AND IMPLICATIONS OF CHANGES 

The current National policy was established by Congress in 1982 when certain State laws 
pertaining to length and legal vehicle configurations were preempted for the Interstate Highway 
system and selected non-Interstate highways. Since that time FHW A bas generally worked with 
the States one-on-one whenever a State fails adequately to enforce TS&W laws. The current 
relationship between the Federal and State administrators of the TS&WEnforcement Program is 
best characterized as Federally-guided and State-administer.31 

The effectiveness of the relationship was questioned in a 1991 program audit by the Office of 
Inspector General which found that improvements are needed in the vehicle weight enforcement 
program and that FHW A should strengthen its administration of the program. How FHW A 
should proceed to strengthen its admmistration centered around the three elements shown in 
Table VIl-12. The FHW A responded by clarifying several legal and operational 
misunderstandings and moved ahead to implement other suggested improvements in the program. 
Key recommendations from the OIG report follow. 

TABLEVl-12 
01G PROGRAM EFFECTIVENESS MEASURES FOR STATE WEIGHT ENFORCEMENT 

.f'ftcpendrd-rtfWIMtooollecl ~­
- iD quaalifyiag dr ffllpitude ciftlle 
probiml 

.nm:n..i-«WIMb 
~ wfi:..WIDd41uilati> --~ 
~ calilnian cifWIM. 

New ""ripmml p.a I _ 

-'C 11-b.wriw: crilaia ID 
_.._ .. adeqlacy .. 
6di,_r,{Slat,c,..._ 

--•b.•u1loprd!lyFHWA 

.fc:un. SEPI ladtiagnqand ................ _ 
dfiidiw 

,fWJM a&aoblaiMdtr...-4 .... 

iadic:lllcs --iD 11ic ,__ -~---... -- =., 11111t higb-,s 

✓C . f tine ,of damp &d.ar- ia ,.. .. 
.Ot4"'fat:y ...... 11111 pmaltia 

,fNo..... - ;:wNe 

The specific recommendations for FHW A program administration improvements noted in the OIG 
audit report were: 

31 Federal guidelines for ammal certification and SEPs are specified in Part 657 of Title 23, CFR. 
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• Identify the nature and quantify the extent of overweight trucks; 

• Direct FHW A Divisions to more actively prQmote, monitor, and evaluate the use ofWIM;. 

• Direct FHW A Divisions to work with the States to evaluate existing fine structures; 

• Anafy7.e SEPs more critically; 

• Initiate Congressional action to prolul>it use of divisible load permits and multi-trip 
non-divisible load permits on the Interstate System; 

• Enforce prohibition of administrative weight tolerances. 

FHWA RULEMAKING: "CERTIFICATION OF SIZE AND WEIGHT ENFORCEMENT" 

In December 1993, the FHW A issued an ANPRM for the State Certification of Siu and Weight 
Enforc.ement Comments were requested on nine "problems" with the certification and SEP 
procedures identified by FHW A (see Appendix_): 

• The magnitude and location of the overweight problem is unknown; 

• Weight tolerances at scales are common despite Federal law, 

• Preparation of SEPs and Certific:atlons is time consimring 

• Not all states are taking advantage of improved data collection to enhance program 
management and eff'ectiveness; 

• The amount of pavement wear attnl>utable to vehicles with special permits is unknown; 

• Permit fees and overweight peaalties do not always reflect true costs; 

• Enforcement plans lack specific, measurable goals; 

• There is inadequate vehicle siz.e and weight cnforcemcut in some urban areas; and 

• Sanction procedures do not clearly identify State settlement options. 

Comments to the docket were received from twenty-one State DOTs, nine State enforcement 
agencies, and twenty from other interested parties. Generally there was agreement among the 
States on the following: 
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• The magnitude of the overweight truck problem could poSSibly be measured with the use of 
W1M technology but only with an infusion of significant Federal funding to the States; 

• Enforcement discretion on tolerances should be accepted as a given with less emphasis by 
FHW A, and if any tolerances are to be adopted by FHW A, they should not be percentage 
based· , 

• The process for preparation and submittal of the SEPs and certifications is time consuming 
( one estimate is 4,160 hours in the aggregate) and could be improved; 

• The use of ITS will be limited until it has proven reliability and durability; 

• Permit fees do not recover damage costs; 

• There is no one model for enforcement that fits all States; 

• "Relevant evidence" should not be mandated unless Federal funds are provided to implement; 

• Certifications and SEPs should take into account "regional" enforcement performance; and 

• The use of sanctions should be replaced with incentives sucll as a grant program for the 
States. 

FHW A is considering all comments received, in depth. 

The process for submittal and acceptance of thP- annual State certifications and SEPs is complex, 
time-consuming, and convoluted. Additionally, the process for review of the SEPs by the OMC is 
also time-consuming and complex: (see Appendix_). The increasing demand for more detailed 
information from the States is not only the result of a need to measure program effectiveness for 
the Administration and -Congress but also of a need to be able to provide comparative data on 
potential conflicts and inconsistencies in policies. 

FUTURE ENFORCEMENT 

The rulemaking has been temporarily suspended pending the completion of this CTs&W Study 
and potential Congressional revisions to TS&W regulation as part ofISTEA rcauthori7.ation. The 
rulemaking will be completed subsequent to this Study and necessary revisions made to ensure 
effective enforcement of the Federal law. 
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