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Chapter One

. INTRODUCTION

Truck weight'l'lmlts in Arkansas are 80,000 pounds gross weight

and 34,000 pounds per ax'le weight. These'limits are enforced by the

Arkansas State Highway and Transportation Department Highway Pollce by

means of static sca'les at ports of entry and by using portable scales

moved by automobi'l e to vari ous 'locatl ons. The portab'l e sca'l es

current1y being used are Genera1 E'lectrodynamics Corporation MD-400

serles hydraulic platform sca'les. The MD-400 scales are 3.25 inches

high and weigh 47'lbs each.

Several limltatlons have been encountered rrlth the MD-400 scalesr

and the Arkansas Highway Po1ice are interested in overcoming the

llmitations to develop a more efflcient portable weight enforcement

operatlon. The major 'llmltations with portable hydraullc platform

scales are the wefght, the need for approach ramps, the lack of

electronic readout or memory, the tlme required to weigh each truckr

and the danger lnvolved ln p'lacing the scale under the truck wheel and

reading the scale.

The purpose of thls study was to determlne if a more acceptable

lnstrument is avallab1e commercially and to make recommendatlons

regardlng the type of instrument to be implemented ln the truck welght

enforcement program. If an appropriate instrument ls not avallabler

reccrnmendatlons are to be made regardlng development of a sultab]e

i nstrument.
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Chapter Two

SUMMARY OF PRODUCT INFORMATION

Manufacturel Contaqts

Twenty-e'fght manufacturers in thirteen states were contacted in

the fa'll of 1986. Product information was obtained from these

companies, and the information was conpi'led and revlewed wlth the

Arkansas Highway Po1ice. The fo'llorvlng Table I indicates the

capabi'lltles of instruments appropriate for portable truck weight

enforcement. A11 of these scales are platform sca'les. Dependlng upon

the mode'l and the manufactuFeFr the scales use either electronic'load

ce1'ls or hydrau'lic b'ladders or tubes with dlal readings (such as the

MD-400) or a transducer with an electronic output as lndfcated ln

Tab'le I.

In addition to the manufacturer contactsr the states of Utah and

Texas were contacted to determine the resu'lts of thelr studies of

truck we{ght enforcement. The state of Texas has tested portable

sca]es over a two and a half year perlod demonstratlng and certifylng

single axle wheel-tvelghers. As a result of the 2 and L/2 year study,

Texas has determlned that the Interconp single wheel welgher Model

PT300 should be imp]emented in the truck welght enforcement program.

Although Texas lmplemented this platform scaler the Arkansas Highway

Po'lice have a'lso investigated this product and were not satlsfied with

the performance nor with the servlce. The state of Utah has conducted

2
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an ongolng study of weigh-in-motlon products and has not pursued

implementing a weigh-in-motlon instrument as a single-axle enforcement

tool. The Utah studies have concentrated upon obtaining truck weight

and characterlstic data for highway design and planning purposes.

As the'lack of an appropriate instrument became apparent by early

L987, and the 'literature was monitored for new technology, an

a'lternati ve to p'l atform sca'l e si ng1 e-ax'le wei gh i ng was devi sed.

Howeverr since the pursult of thls a'lternative techno'logy was outslde

the scope of the project, and the desired instrumentation was

obvious'ly not commercial ly aval'lab'le, G.I.T. reported this information

to the Arkansas Highway and Transportatlon Department and offered to

conclude the study at thls point. The TRC subcommlttee advlsed GIT to

pursue the study of uslng the capacltance mat (normally used in weigh-

in-mot'lon instruments) as a component of a weight enforcement

I nstrument.

Based upon welgh-ln-motion (l{IM) instruments used as planning

tools, and combinlng thls technology wlth permanent installatlon of

screenlng devlces reportedly used ln Georgia (Civll Englneerlng

Magazine, November 1986) the a'lternatlve pursued was to use the

capacitance mat of a l{IM and slmplifled e'lectronics as a screenlng

device. This methodology would al1ow trucks to slowly pass over the

capacltance matr being weighed whl1e they are moving. If the truck

were lndlcated as ovelaelght, lt would be reweighed on the portable

whee'l weighers as presently used. This method would a'l'lov all trucks

to be screened quickly and on'ly those being shown as ovemelght

5



stopped and weighed. The resu'lts of this technlque are e'limlnation of

'long queues and weighing of more trucks during the same time perlod

with the same number of personnel.

The P'lanning Djvislon of the Arkansas Highway and Transportation

Department owns a Streeter-Richardson Model 5150 XT Weigh-in-Motlon

'lnstrument. This jnstrument includes a capacltance mat used with

Jnduction loops and a persona'l conputer with softuare to calcu'late and

record speed, axl e re'l ghtr total wel ght, axl e spaci ngr total 'l ength r

and vi o'l ati ons of the Bri dge Formu'l a and speed 1 iml ts.

Since a'll of thls information ls not necessary for a weight

enforcement screeni ng i nsturmentr the output sl gna'l frcrn the

capacitance mat was recorded by tapplng lnto the clrcult as shown ln

Figure 1. Size 14 mllltary connectors were required to fabrlcate a

patch cable to tap into the transducer cable at the Junctlon box and

transfer the slgnal to a Raca'l ree'l-to-ree'l instrumentatlon recorder.

This data co1'lection procedure ulas applied at an actua'l ln-progress

we'ighing on Interstate 30 North at a'location Just south of Benton.

The frequency cut off of the recorder that was aval1able was

below 100 kHz making the amplitude of the recorded data about equal to

the nolse 'level. Trucks crosslng the capacltance pad (transducer)

cou'ld be visually observed on an oscllloscope when the tape was p'layed

back, but no accurate measurements could be re-established. Flgure 2

is an artlsts verslon of the data, seen on the oscilloscope. The

signa'l ls about what was expected f rqn an [L-Crr oscl]'lator. Looking

at Flgure 2A the osclllator frequency ls constant at 100 kHz untll the

6



INDUCTIVE
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CAPACITANCE MAT
& OSCILLATOR

INDUCTIVE
LOOP

INTERFACE
ONE LANE ONLY

115 VAC
GENERATOR

IBM PC PRINTER

PATCH CABLE
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INSTRUMENTATION
RECORDER

VEHICLE PATH

FIGURE 1. RECORDER CONNECTION TO STREETER.RICHARDSON
MODEL 515OXT WIM SYSTEM
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tJre contacts the mat. The osci'llator frequency goes down as the

truckrs weight begins to lncrease the capacltance of the mat by

reducing the spacing between the electrodes. The oscl'l'lator frequency

varles as a functlon of

L/ LC

where

L is lnductancer drd

C is capacitance.

If the slgnal was rectlfied and filtered lt wou'ld'look slmilar to

Figure 28. The dlfference between DCV1, and DCV, represents the ax1e

welght/2. F'lgure 2C shows a series of events that represent the

slgnal produced by a 5 axle truck passing over the mat. Signals llke

2C are produced in the IrIIM mat unlt by app'lying the frequency from the

oscl'l'lator to a frequency voltage converter. The converted signal ls

applied to a L2 bit analog-to-dlgital converter for computer

ccrnpatabllity. The slgna'ls descrlbed above cou'ld have been easily

recorded if a wider band lnstrument had been aval'lab1e.

The recommendatlon by the TRC that we begln and construct a

welgh-on1y system was hindered by 'late dellvery of the Streeter-

Rlchardson instrument. Later scheduling problsns restrlcted Progress

9



as 1t appeared that our scheduling always conflicted with the Department's

efforts to utilize this WIM system to collect data. A1so, during this

ti-me, inforrnation was presented on a new instrument Lhat appeared to meet

the Department's crj-teria. Itre instrtment was being developed by

Transportation Technology, Inc. and will eventually be marketed by

Streeter Richardson. Also, Streeter Richardson is currently conducting

research to develop a piezoelectric nlat to be used in lieu of the capaci-

tance mat for WIM and screening applications. Both of these developnent.s

should be followed closely and demonstrations should be arranged for AIIID

officials at the appropriate time.

10



Chapter Ttrree

FINDINGS AN1D CONCLUSIONS

Instrumentati0n for truck weight screening is available only in
the "weigh-in-motion" (WIM) systems. WIM systems are meant for overall

traffic assessmenL for highway plannlng. Ttrey are very expensive and

they require the use of a van Lo ca.rry the equipment and to provide

for environmental protection. ft was concluded that no portable wheel-

weighing instnnnent is currently conrnercially available and acceptable

to the Arkansas Highway and Transportation Department Higtrway Police.

However, research is currently being conducted to develop a device for

weight screenlng applications. Ttris screening device would uLilize

either a capacitance mat or a piezo electric cab1e. No further action

should be taken until one of these devices is available for testing.
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