
Productivity and Safety for Trucks-
Pavement Preservation for the Nation's Highways 

HELP is on the Way 

Cmrent methods of collecting data on the 
characteristics of heavy trucks on the na­
tion's highway system are costly to both 
the government and the b1..1cl-dng indusb-y. 
Despite the high costs and th substantial 
eff01ts in ol eel in data collection, such 
methods are sometimes ineffective and 
<luplicitive; tl1e data are inconsistent among 
states, belween sources and over years; 
or important elements are often missing. 
Meanwhile, the nation's heavy vehicle 
management needs are constantly chang­
ing. Demands for greater productivity in 
the transport industry, safer highw·ay , and 
preservation of th nation's roadways re­
quire (a) tighter indu by C.'Ontrol of eh.icle • 
and their loads (b) great r understanding 
of roadway use, and (c) better administra­
tion of exi ting laws and regulations. . 

Thirteen states, one port authrnity, and 
their bucking industry representativ have 
come together under th Heavy Vehicle 
Electronic License Plate (HELP) program 
to examine what lies ahead for improve­
ments in heavy vehicle management tech­
nology and to detennin the extent to 
which a cooperative effo1t between the 
public and private sectors might be effec­
tive. 

The major obj ctives of the HELP pro­
gram are to inv stigate th cu·n-ent tech­
nologies, co t, and potential benefits as­
sociated with vruious h avy vehicle 
monitoring systems. 

History of HELP 

The HELP project began in 1983 with 
concept papers originating in the Aiizona 
and Oregon Departm~ts of Transporta­
tion. The Federal Highway Administration 
provided grants to the Arizona DOT to 
undertake a concept feasibility study and 
to the Oregon DOT to perform a proof­
of-concept demonstration. Both the feasi­
bility study and the Oregon concept <lem-
nsb11tion provid d encouraging results. 

In 1985, a core group of western states 
joined a number of other int rested states 
to form a jointly funded, multistate devel­
opment and testing program. The project 
was originally called the Cresc nt Study 
because of th shap of the proposed 
demonstration route along the West Coast 
and east to Texas (see Figure 1). The name 
of the overall study was changed to HELP 
with the inclusion of states outside the 
crescent. The third phase of the project, 
which is just beginning, is known as the 
Crescent Demonstration. 

Five Technologies for HELP 

Five technologies that can be integrated 
into a heavy vehicle mooitming and man­
agement syst m are th focus of the HELP 
project: (a) automatic vehicle identification 
(AV!); (b) weigh-in-motion i\TIM) using 
low-cost t clmology; ( ) automatic vehicle 
classification (A C); (d) sa~ llite data links; 
and (e) data communication n tworks. The 
first three technologies-- Vl, WI M, and 
A VG-are likely to form the basis for the 
Crescent Demonstration. 

A VI system , which identi( v hicles as 
they pass specific point on the highway 
as well calculate th ir distanc b·aveled, 
are now both technically and economically 
feasible. Trucks carrying no more than 
legal loads and quipped with A VI may 
eventually be able to bypass w igh tations. 
The r quir d compliance ch cks could b 
made at normal highway speeds. 

With WIM equipment, estimat of axle 
and gross weights of vehicles c.:u1 b ob­
tained whil th y are traveling along the 

lnfoni111tio11 for this orticlo rw$ 1,ro ided by Loud 
N e11io11. Oregon D p11rt1111111I ofTr1msportatio11; Scott 

Davis. Casile Rock Co11s1dl1111ts; 11ml C. Micl111e/ 

W(l/ton , U11iversily of Te.ms, A11s/i11 . Arlditio,111/ ma­

terial t~"II toki:11 from the 1011/reni i\s~-ociafio11 of 

Stnte llighicoy mul Trnns,xlrt11liori Official, • Stal/IS' 

Re11ort 11mp1rred by the Pe1msykm1i11 Deparlmerit of 

Transportation. 
FIGURE l _ HELP program includes 13 states, 1 port authority, and their trucking 
representatives. 
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highway. Under the HELP program, WIM 
would provide states with data for highway 
planning and enforcement screening. Al­
though WIM is not accurate enough at full 
highway speeds to be used directly for 
enforcement, it can recognize vehicles op­
erating within allowable limits and permit 
them to proceed without stopping. 

Classification of h·affic data provides basic 
information that is widely used in the 
design, maintenance, and management of 
the highway network A VC systems count 
vehicles and classify them in 13 categoiies; 
used in conjunction with WIM, A VC can 
provide states with an effective means of 
collecting data for highway planning. 
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FIGURE 2 HELP program structure. 

TRB Committee Studies Data Needs for Improving Truck Safety 
In a time of rising concern over the safety of large trucks and buses, 
existing programs to collect information about truck accidents and travel 
frequently are unable to help evaluate actions to improve safety. The 
Transportation Research Board (TRB) Committee on Truck Safety Data 
Needs is conducting a study to seek ways to close the truck safety 
information gap. The study is sponsored by the Federal Highway 
Administration, the Trucking Research Institute of the American Trucking 
Associations, the Motor Vehicle Manufacturers Association, and the 
Highway Users Federation. The National Research Council is also 
providing financial support. 

Public awareness of the hazards created by the use of large trucks has 
never been higher. Truck crashes are often spectacular and severe and 
frequently receive press attention. Many motorists feel intiniidated when 
driving in truck traffic. The perception is growing that truck safety has 
deteriorated and that the problem has reached crisis proportions. When 
government regulators or industry management have tried to respond to 
these concerns, they have discovered that little information exists about 
the causes of truck accidents or about the effectiveness of actions to 
control accident losses. In fact, adequate data are not even available for 
showing broad trends in truck accidents, so it is difficult to determine 
whether safety is declining and to direct control efforts to areas where 
they are most needed. 

The truck safety data committee includes experts in managing statistical 
programs, state government officials, executives in the trucking industry 
and in truck manufacturing, and researchers in the analysis of truck 
safety. Wayne Muri, chief administrative officer of the Missouri Highway 
and Transportation Department and ,a member of the TRB Executive 
Committee, is chairman. The committee will define the requirements 
for nationwide truck safety data collection and processing, develop 
proposals for reform of current programs to satisfy these requirements, 
and recommend arrangements for implementing and overseeing the 
needed data-collection activities. The committee will report on its findings 
in December 1989. 
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Three Phases of HELP 

The HELP program can be divided into 
three phases (Figure 2). Phase I (1983--
1985) involved the early work by the 
transportation deparhnents of Arizona and 
Oregon to assess the feasibility of the 
program concept. Phase II (1985---1988) has 
consisted of a number of technical studies 
of each of the technologies; field and lab­
oratory testing; development of equipment 
performance specifications; and National 
Cooperative Highway Research Program 
(NCHRP) Project 3-34, which reviewed 
the potential for implementation at the 
national level. Phase III (1988--1991) is the 
Crescent Demonstration, which will at­
tempt to provide a sufficient number of 
vehicle-monitoiing locations, as well as 
participating vehicles, to test an integrated 
system concept in a real-world environ­
ment. 

Each of the states participating in the 
HELP program conhibutes to a pool­
funded budget, and each state has equal 
representation from state government and 
tl1e trucking industry in tl1e program. The 
total pooled resources from 1985---1986 
through 1989---1990 are expected to exceed 
$3. 5 million. 
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Status of HELP Technical 
Studies 

The HELP program is a major step fo1ward 
in the use of infom1ation technology in 
transpo1tation, and considerable progress 
has occurred since its inception in 1983. 
The following studies of the vaiious tech­
nologies have been completed or are neai·­
ing completion. 

• AVI testing: Field and laboratmy test­
ing to develop specifications has been 
completed. Prefen-ed system testing has 
not yet begun. 

• WIM specification: Field and labora­
tmy testing of WIM/ A VC has been com­
pleted to provide pe1fonnance specifica­
tions. A draft final rep01t is under review. 

• Low-cost Automatic Weight and Clas­
sification System (AWACS): A compai1ion 
project to evaluate low-cost piezoelectiic 
technology for WIM/ A VC unde1taken by 
the Iowa ai1d Minnesota Depaitments of 
Transp01tation has been completed. 

• Systems design: Definition of com­
munications and processing requirements 
for public- and p1ivate-sector applications 
has been completed. 

• Satellite reference design: Investiga­
tion of the economic and technical feasi­
bility of a satellite-based monito1ing system 
is complete. 

• Motor carrier plan: A workshop was 
held in 1987 to examine how the HELP 
system may benefit the motor carrier in­
dustiy. 

• Site selection: Guidelines have been 
developed that will enable states to locate 
HELP stations along the demonstration 
route. The final report is under review. 

• On-board computers: Not yet begun, 
this study will investigate institutional ,u-­
rangements ai1d changes needed to allow 
on-boai·d computer logs to be used in the 
prepai·ation of conventional repo1ts. 

• Crescent Demonstration: Detailed 
planning is being hm1dled by the Crescent 
Implementation Group made up of the 
affected state government agencies and 
paiticipating trucking interests. The goals 
ai1d objectives of the demonstration ai·e to 
(a) assess the viability of the technology in 
the highway environment (objective is to 
test the reliability and accuracy of the 
technologies); (b) improve institutional ar­
rangements (objectives are one-stop shop-
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Weight Watching on a WIM 
Determining truck weights for pavement design and enforcement of weight' regula­
tions has traditionally been achieved by the use of static scales, which require trucks 
to come to a full stop. On heavily traveled routes, it is not unusual to see 15 or mon; 
t'ifu,gk:; waiting in, line to be weighed. T0 sreed ~he weighing proce ·s, weigh-in­
motion (WLM) ·sy, tern have been uoder dev fopment for mo.r than 30 yea1·s and 
WlM is now an established te.clmolagy in the lJ'!]:ifod State ano t1irotighout' the 
world. 

Clearly., aeeu'l·<!.~ If~ e ent )(;'lading data ar,;:, ue. ded to de.,; ign and maintain better 
highway pav,¢men,_tt. \V.IM s. 1s tems tan provide states -witl{ needed data for higbway 
planning ant) wejght-enforeem_eut screening. 'W1M . qnipn1ent simpl we'igb a vehi­
rue a it maves ac::i;os~ a seale. ffowever. WlM is not t suffi6ieritly .1ceural'e at full 
liig!i,V<}y-i;peea to be used .direct!)' fo.r truok weigl:it n:G re ment. ~TJ1e -~forts e:-..lf)ect 
an aecwracy of 2' 'Pereen t from eufor:eeJ11ent ·~es; Md \ ™ cypica:lly yjeJp , 1t~),1ra­
oies of5 _p.ere nt a~ 3.5 mph au~ .W 1>.ercent at 55 mph for gr0 S' vehicle weignts.) A 
wide vru:ie~y;'cif sy tems we now,a. ail~l?le, fron'I' low-speed WfM threugh a range of 
.full highway ~eet'l 'sySl'.em~. each with a difliir-en't methodolog . ('Under the HELP 
system, only full highway speed systems will be used because all HELP stations are 
likely to be located in the mainstream traffic flow.) 

The idea of WIM has been around since 1952 when the first WIM device 
described was a floating, reinforced-concrete platform constructed with its top flush 
~vitb the pavemeJ.1t surface. Th caner te slab me~urecl J:2 x 3 1 t and was 
su.pported al ach eo,ner- b,:y a wire strain~gatige load ell . As trneks rolled over the 
slab, eaeh s~r•ng- e· foad cell shortened lightly, and his change was. measure . 

lo J.9551 ·t;he Pen-ns9lvan'ia 'I?ui:npike <Eommissiorn installed the ,fir t major operas 
tional WTN1 •ysteltl l.orrevenue collection, which was pro'bab'Jy fh wbrlq's first W M 
type ot w~iihr-distanee-ta."< prog:ram. AJJ the nti:a1\c to tbe 350-mtl!;: turnpike were 
equipped with \1/1 cales and ¢omp;µte ts, Trueks were we ighed as· fl, d'rriver 
slowed ta get a ticket at tb turnpike entrance, and were_ weigh .. ed again at the 
turnpike exit; tolls were then calculated by computer in real time. 

The Ohio Turnpike installed a similar system about the same time except that it 
weighed trucks at turnpike entrances only. Since these early WIM systems were 
installed, at least five classes of WIM system sensors are either in use or are being 
developed: 

• A metal plate or platform mounted flush with the highway smface and supported 
D¥ s.train-gaµge l0ad 'cells_. 

• Strain gauges mounred 0J1 tbe underside 0£ l:>l"idge girders-; 

• f.. eapacitance pad a sanowich ef p;1rallcl steel plates nca.$" cl in a rubber 
matnx), the e"foQbieal properties ,of wl:\ich changE; 1,md r load, affixed to the pavement 
surface; 

• A fiber-optic bundle whose fibers transmit a light signal that changes when it is 
deflected or compressed; and 

• A sensor, ·censisting of two concentric conductors with piezoelectric material in 
the interstitial space, whose electric field changes when deformed. 

ln valuating these fi've classes df WIM s ·•stems, the ke: (i.·o.nsideralions we 
accuracy and eesl. ExW:i.J.1g lM instaUations (u ing the metal plate or platform, 
swain gauge.~. ou a.,eapaeitance pad~ us11ally cQsl betvx.een '.lii':1OO~(),0O ana $200,000 
each. The e mere aeeurat . higher-cost sy fems wrn be n.e d·ed for nfor.<iem~nt; the 
lower-cost systems can be used for traffic counts and vehicle classification, but 
probably should not be relied on as a primary source of data. 

A draft standard specification titled "Highway Weigh-in-Motion Systems with 
Us~)· Re,qtiitements lµl,_d 1'ei;l M·ethod" is cmTJ:eatly. undeJ· r. vi;, w a~ I¢ Am riean 
'oeiety f9r T sting and Materials {AS'l f ) with final irction exi,ected b early 198.9. 

T he proposed stant:ku:cl is intended to p ro:vicle future use)j 'Elf \WM sy terns with a 
convenient means-for sp eifying th . pe of sySt!;:lll neecl~d an4 brlng som·e unifor:m­
i.ty !'ti tb • :y11tem eGufig11.1<11ti011s ~hat rnanufo.¢,~u119r:s will b_ .ask , d to de.velop and 
produe . GuHent indicatic,ms ai'e that ongoing efforts in .fCl-IBP Projects 3'.-34. 3-36, 
~lid 3-c:J~' will t11:ov,ic!e adcli~ional basic. r-e,sear.ch findings necessary for t.n po sibJe 
expansion and improvement of this ASTM specification in the early 1990s. 

This article is based on "Truck Weight Enforcement on a WJM" by K.A. Godfrey, 
Civil Engineering, November 1986, and material sttpplied by Clyde Lee, College of 
Engineering, University of Texas, Austin. 



ping, preclear at weigh stations and ports 
of enby, and border transparency); (c) 
measure efficiency and productivity (ob­
jectives are improved safety, enforcement, 
reduced administration, and data-collection 
technology); and (d) identify additional ap­
plications (objective is to determine public­
and private-sector applications). 

Crescent Demonstration Plans 

The status of the Crescent Demonstration 
is as follows: 

• The planned demonstration corridor 
is I-5 and I-10 from Washington State to 
New Mexico. 

• Approximately 40 equipped sites are 
now anticipated to be included in the 
demonstration. A minimum of5,000 trucks 
are expected to be equipped with tran­
sponders. Not all applications will be tested 
at each site. 

• The current schedule calls for all 
equipment and systems to be in place by 
the fall of 1989. The actual demonstration 
will then run for 1 year, through the fall 
of 1990, and will be evaluated throughout 
and again after its completion. 

• As many applications of the HELP 
technologies as possible will be tested 
within budget constraints. The results of 
the demonstration, how well each of the 
four HELP goals was achieved, and the 
possible national implications of the project 
will be documented. 

If the Crescent Demonstration is suc­
cessful, it could pave the way for imple­
mentation of a HELP system in other 
areas, which may provide far-reaching ben­
efits to both state and federal governments 
as well as to the trucking indusby. 

12 

Truck approaches slow-speed weigh-in-motion and automatic vehicle 
identification site at Woodburn, Oregon, weigh station. 

One of Oregon's 350 transponder-equipped heavy vehicles crossing a 
fast-speed weigh-in-motion and automatic vehicle classification station. 
Data collected for planning purposes include time, vehicle weight, 
and speed. 
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NCHRP Helps HELP 
While the western states were developing the HELP project, the states of Arizona, Oregon, 

and Iowa were submitting problem statements to the National Cooperative Highway Research 
Program (NCHRP) to conduct research that would complement the HELP studies. The 
American Association of State Highway and Transpmtation Officials (AASHTO) Select Committee 
on Research approved four projects (one project was canceled) to be carried out by NCHRP at 
a total cost of $1,800,000. A summary of each project follows. Bill McCall, Director, Office of 
Transpmtation Research, Iowa Depaitment of Transportation, currently chairs the NCHRP 
panels that oversee these projects. 

Project 3-34 

Feasibility of a National Heavy Vehicle 
Monitoring System 

Arthur D. Little, Inc. 

This study is being conducted to iden­
tify and evaluate the needs, issues, re­
quirements, and feasibility of using an 
automated system [automatic vehicle 
identification (A VI), automatic vehicle 
classification (A VC), weigh-in-motion 
(WIM)] as a cost-effective, statistically 
sound replacement for, or supplement 
to, existing heavy vehicle data collection 
systems. The research encompassed the 
(a) identification of different system de­
sign configurations for the integration of 
A VI, A VC, and WIM to provide appro­
piiate levels of monitoring and related 
confidence levels; (b) amount of equip­
ment and automation needed to achieve 
different objectives; (c) site location cri­
teria on a state, regional, and nationwide 
scale; (d) economic analysis of the alter­
native levels of monitoring; and (e) issues 
associated with implementation and op­
eration. 

The consensus of the panel and the 
research team at the conclusion was that 
implementation of a single, national heavy 
vehicle monitoring (HVM) system was 
not feasible at this time; therefore, the 
remaining work was oriented toward de­
veloping guidelines for individual states 
or regions as they deploy various levels 
of HVM systems to meet their specific 
needs. A detailed cost-benefit analysis of 
a voluntaiy state system, which covers 
different levels of deployment, system 
designs, and types of data, has been 
completed. 

The final draft repmt is currently being 
reviewed by the NCHRP Project Panel 
and should be available in the fall of 1988. 
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Project 3-36 

Development of a Low-Cost Bridge 
Weigh-in-Motion System 

Bridge Weighing Systems, Inc. 

Development of a low-cost bridge WIM 
system capable of providing the traffic 
data that are used in the design and 
maintenance of highways and bridges is 
the principal objective of this research. 
This system will be able to (a) record 
gross vehicle weights, (b) classify vehi­
cles, and (c) record individual axle weights 
within the limits of the specific bridge 
and site characteristics. The system will 
use state-of-the-art technology and will 
have the following characteristics: (a) tar­
get purchase price of $5,000 to $10,000 
per unit, (b) low life-cyle cost, (c) capa­
bility to inte1face with automatic vehicle 
identification equipment, and (d) capa­
bility to be deployed on biidges and large 
culverts. The researchers have fabiicated 
an operational model and have completed 
the laboratory testing requirements. 
During the summer and fall of 1988, a 
prototype of a turnkey will be built and 
field tests will be conducted. The re­
search will be completed in August 1989. 

Project 3-39 

Evaluation and Calibration Procedures 
for Weigh-in-Motion Systems 

Texas A&M Research Foundation 

Va1ious WIM systems are available to 
collect truck data more efficiently than is 
the case with conventional methods. A 
number of states are currently installing 
WIM systems and are specifying and 
conducting independent acceptance and 
validation procedures. However, nation­
ally recognized procedures for acceptance 
testing and on-site calibration of WIM 
systems do not exist. Such procedures 
need to be developed and validated by 
statistically designed field experiments so 
that \,VIM users can be confident that 
WIM-estimated weight will meet speci­
fied tolerances. Widely accepted proce­
dures will also benefit the manufacturers 
by providing more consistent testing re­
quirements among their customers. 

The objective of this research is to 
develop procedures that cover all WIM 
system applications for acceptance test­
ing, on-site calibration, and periodic ver­
ification of system pe1formance. Research 
is expected to be completed in November 
1990. 

Detailed information on each re­
search project can be obtained from 

National Cooperative Highway 
Research Program 

2101 Constitution Avenue, N. W. 
Washington, D.C. 20418 

13 




