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This standard is issued under the fixed designation E 1318; the number immediately following the designation indicates the year of
original adoption or, in the case of revision, the year of last revision. A number in parentheses indicates the year of last reapproval. A
superscript epsilone] indicates an editorial change since the last revision or reapproval.

1. Scope mathematical conversions to Sl usitghich are provided for

1.1 Weigh-In-Motior—This specification describes Weigh- information only and are not considered standard.
In-Motion (WIM), the process of measuring the dynamic tire 1.5 The following precautionary caveat applies only to the
forces of a moving vehicle and estimating the correspondindest method portion, Section 7, of this specificatidrhis
tire loads of the static vehicle. Gross-vehicle weight of aStandard does not purport to address all of the safety concerns,
highway vehicle is due only to the local force of gravity acting if any, associated with its use. Itis the rgsponsmlllty of the user
upon the composite mass of all connected vehicle component@f this standard to establish appropriate safety and health
and is distributed among the tires of the vehicle througrPraCt'Ce_S and determine the applicability of regulatory limita-
connectors such as springs, motion dampers, and hingelOns prior to use.
Highway WIM systems are capable of estimating the gross, neferenced Documents
weight of a vehicle as well as the portion of this weight, called ™
load in this specification, that is carried by the tires of each 2:1 ASTM Standards: _
wheel assembly, axle, and axle group on the vehicle. E 867 Terminology Relating to Vehicle-Pavement Systems
1.2 Other Traffic Data—Ancillary traffic data concerning ~ 2-2 AASHTO Standards:
the speed, lane of operation, date and time of passage, numbeAASHO Interim Guide for Design of Pavement Structures—
and spacing of axles, and classification (according to axle 1972, 1981_ ,
arrangement) of each vehicle that is weighed in motion is AASHTO Guide for Design of Pavement Structures—1986,
desired for certain purposes. It is feasible for a WIM system to 1993
measure or calculate these traffic parameters and to process,
summarize, store, display, record, hard-copy, and transmit the L
resulting data. Furthermore, differences in measured or calcu- -1 Definitions: L
lated parameters as compared with selected control criteria can3-1-1 Weigh-in-motion (WIM)n—the process of estimating
be detected and indicated to aid enforcement. In addition t§ MOVing vehicle’s gross weight and the portion of that weight
tire-load information, a WIM system is capable of producingthat is carried by each wheel, axle, or axle group, or combi-
all, or specified portions of, these traffic data. nation thereof, by measurement and analysis of dynamic
1.3 Standard SpecificatierHighway WIM systems gener- vehicle t'r_e .f(.)rces. (See Termlnqlpgy E 8_67)
ally have three applications: collecting statistical traffic data, -2 Definitions of Terms Specific to This Standard:
aiding enforcement, and enforcement. This specification clas- S:2-1 accuracy n—the closeness or degree of agreement
sifies four types of WIM systems according to their application(Within @ stated tolerance and probability of conformity)
and details their respective functional, performance, and us&tetween a value measured or estimated by a WIM system and
requirements. It is a performance-type (end product-typefin ccepted reference value. _
specification. Exceptions and options to the specification may, 3-2-2 @xle n—the axis oriented transversely to the nominal
be included in any specification prepared by the user as part &dre_ctlon of vehlcle_z motion, and extending the full width of the
the procurement process for WIM equipment or services, andenicle, about which the wheel(s) at both ends rotate.
vendors may offer exceptions and options in responding to an 3-2-3 axle-group load, [Ib (kg) n—the sum of all tire loads
invitation to bid.
1.4 Units—The values stated in inch-pound units are to be———

regarded as standard. The values given in parentheses are Standard Practice for Use of the International System of Units (SI): The

Modern Metric System, IEEE/ASTM SI 10-1997, The Institute of Electrical and

Electronics Engineers, Inc., 1828 L. St. NW, Suite 1202, Washington, DC
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of the wheels on a group of adjacent axles; a portion of theequal to the body’s mass multiplied by the local acceleration of
gross-vehicle weight. free fall?
3.2.3.1 Discussior—An axle group can be defined in terms  3.2.13.1 Discussior—The force of gravity—thus, the accel-
of the number of axles included in the group and theireration of free fall—is different at various locations on or near
respective interspaces. the surface of Earth; therefore, weighing devices in commer-
3.2.4 axle load [Ib (kg)] n—the sum of all tire loads of the cial use or in official use by government agencies for enforce-
wheels on an axle; a portion of the gross-vehicle weight.  ment of trafic and highway laws or collecting statistical
3.2.5 dynamic vehicle tire force, [Ib (kg)ln—the compo- information are usually used in one locality and are adjusted or
nent of the time-varying force applied perpendicularly to thecalibrated to indicate mass at that localit¥) The indicated
road surface by the tire of a moving vehicle. mass can be converted to weight (in units of force) by
3.2.5.1 Discussior—In addition to the force of gravity, this multiplying by the local value of the acceleration of free fall, if
force can include the dynamic effects of influences such as roaitlis known. The conventional value adopted by I1SO is 32.174
surface roughness, vehicle acceleration, out-of-round tire€49 ft/s (9.806 65 m/$). Weight is a special case of force, as
dynamically-unbalanced wheels, tire inflation pressure, vehicleveight is due only to the local force of gravity, that is always
suspension and aerodynamic features, and wind. For purposdsected vertically downwards. For purposes of this specifica-
of this specification, the WIM System shall be adjusted ortion, and in accordance with common weighing practice, the
calibrated to indicate the magnitude of the measured dynami&/IM System shall be adjusted or calibrated to indicate the
vehicle tire force in units of mass, Ib (kg). (See 3.2.13.1). magnitude of estimated weight and load in units of mass,
3.2.6 gross-vehicle weight, [Ib (kg)lh—the total weight of pounds [avoirdupois] (kilograms), and the direction of the
the vehicle or the vehicle combination including all connectedassociated force vector will always be downwards toward the
components; also, the sum of the tire loads of all wheels on thapproximate center of Earth.
vehicle. (See 3.2.13.1). 3.2.14 wheel load, [Ib (kg)] —the sum of the tire loads on
3.2.7 single-axle load, [Ib (kg)] n—the load transmitted to all tires included in the wheel assembly on one end of an axle;
the road surface by the tires of all wheels lying between twaa wheel assembly may have a single tire or dual tires.
parallel transverse vertical planes 3.3 ft (1 m) apart, extending 3.2.15WIM Systemn—a set of sensors and supporting
across the full width of the vehicle; a portion of the gross-instruments that measure the presence of a moving vehicle and
vehicle weight. the related dynamic tire forces at specified locations with
3.2.8 tandem-axle load, [Ib (kg)]n—the total load trans- respect to time; estimate tire loads; calculate speed, axle
mitted to the road surface by the tires on all wheels of twospacing, vehicle class according to axle arrangement, and other
consecutive vehicle axles that are more than 3.3 ft (1 m) angarameters concerning the vehicle; and process, display, store,
not more than 8 ft (2.4 m) apart; a portion of the gross-vehicleand transmit this information. This standard applies only to
weight. highway vehicles.
3.2.9 tire load, [Ib (kg)], n—the portion of the gross-vehicle I
weight imposed upon the static tire at the time of weighing,}: Classification
expressed in units of mass, due only to the vertically- 4.1 Types—WIM systems shall be specified to meet the
downward force of gravity acting on the total mass of the stati®ieeds of the user for intended applications in accordance with
vehicle. the following types. Exceptions and options may be specified
3.2.10 tolerance n—the defined limit of allowable depar- (See 1.3). All systems shall be designed to operate with the
ture of a value measured or estimated by a WIM system frontocal electrical power of the country (that is, 110V, ac, 60-Hz
an accepted reference value. power in North America). Lightning protection for affected
3.2.11 triple-axle load, [Ib (kg)] n—the total load transmit- System components shall be provided by the vendor. The user
ted to the road surface by the tires on all wheels of thrednay specify as options a completely battery-powered system or
consecutive vehicle axles, with not more than 12 ft (3.7 m)battery-backup power in case of failure of normal power. All
between the two axles furthest apart; a portion of the grosssystems shall allow the user to select at the beginning of each
vehicle weight. data-taking session the units of measurement: either U.S.
3.2.12 weigh, v tr—to measure the tire load on one or more customary units or Sl units The units setting shall remain
tires by using a vehicle scale, an axle-load scale, a portabihere last assigned unless changed by the user at the beginning
axle-load weigher, or a wheel-load weigher. of a data-taking session. Load and weight values shall be
3.2.12.1 Discussior—Refer to Sec. 2.20, dflational Insti-  €xpressed in units of mass: pounds [avoirdupois] in U.S.
tute of Standards and Technology (NIST) HandbooKi¥for ~ customary units, or kilograms in S units. The SI recommends
a definition of each type of weighing device. These devices aréxpressing large values of mass in megagrams, Mg. In com-
usually subjected to field standard test weights at each localitinercial usage, which includes most applications and interpre-
of use and are adjusted to indicate units of mass (See Sec. 3tations of WIM data, 1 Mg = 1000&= 1 metric ta = 1 tonne.
Appendix B,NIST Handbook 44 4.1.1 Type +This type of WIM system shall be designed
3.2.13 weight, [Ib (kg)] n—the external force of gravity for installation in one or more lanes at a traffic data-collection

acting vertically downwards upon a body with a magnitudesite and shall be capable of accommodating highway vehicles
moving at speeds from 10 to 80 mph (16 to 130 km/h),

5The boldface numbers given in parentheses refer to a list of references at tHQCIUS'V?- For each V(_ah'Cle processed, the system shall produce
end of the text. all data items shown in Table 1. A user-controlled feature of the
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TABLE 1 Data Items Produced by WIM System sites and should be capable of accommodating highway
1. Wheel Load vehicles moving at speeds from 15 to 80 mph (24 to 130 km/h),
;- 2’;:2 (L;Z‘S Load inclusive. For each vehicle processed, all data items shown in
4 Gross_\,eh‘?c,e Weight Table 1 except Item 1 shall be produced by the system. All
5. Speed . other features and options of the Type Il WIM system shall be
6 Center-to-Center Spacing Between Axles identical to those described in 4.1.1 for the Type | WIM
7. Vehicle Class (via axle arrangement)
8. Site Identification Code SyStem-
9. Lane and Direction of Travel 4.1.3 Type II—This type of WIM system shall be designed
10. Date and Time of Passage . . g X
. Sequential Vehicle Record Number Wlth sensors mstallegl in one or more Iapes off 'Fhe main
12. Wheelbase (front-most to rear-most axle) highway lanes at weight-enforcement stations, or in one or
ﬁ- \E/i‘j)‘l*;‘:;'ﬁ”éf;;g'e'AX'e Loads (ESALS) more main highway lanes, to identify vehicles operating at

speeds from 10 to 80 mph (16 to 130 km/h), inclusive, that are

t hall allow tire-f inf tion f the wheel suspected of weight-limit or load-limit violation. When the
system shall allow tire-force information from the wheel(s) on ensors are installed in the main highway lane(s), the Type Il

only_o.ne end of an axle to be useq to estimate _axl_e loa ystem will not be required to measure vehicle acceleration.
Provisions shall be made for entering selected limits an

tolerances for wheel, axle, axle-group (including bridge- or each vehicle processed, the system shall produce all data

formula grouping(2)) loads, and gross-vehicle weights as well items shown in Table 1 except 7, 12, and 13 and shall also
group > gross-ve g . . estimate acceleration (while the vehicle is over the WIM-

as speed, and for detecting and indicating suspected violation -~ .

system sensors). Provisions shall be made for entering selected

of any of these limits by a particular vehicle. A feature shall beIimits for wheel, axle, axle-group (including bridge-formula

provided so that the user can determine whether or not the : . :

. . . rouping(2)) loads, and gross-vehicle weight as well as speed
WIM system will prepare selected data items for display an : . A

and acceleration, and for detecting and indicating suspected

recording. Use of this feature shall not inhibit the system from iolation of any of these limits by a particular vehicle. Means

receiving and processing data. Data shall be processed On'S\I‘{ﬁall be provided for automatically controlling official traffic-

in such a way that all data items shown in Table 1 can be . S X
displayed in alphanumeric form for immediate review. Thiscontrol devices that will direct each suspect vehicle to a scale

may be accomplished by connecting a portable (for examplefor confirmation weighing and guide all non-suspect vehicles

laptop) computer, furnished and supported by the vendor as %%St. the scale without 'stoppmg. Manual operation of these
part of the WIM-system equipment, directly to the on-site® cial traffic-control devices shall be included as a feature of

instruments. Means shall be provided for temporary, on-sitéhe Type lll _WIM system. Infc_)rmat|on.used In determmmg a
storage of data items 1, 5, 6, 8, 9, 10, and 11 for each vehicIEUSpeC_ted wolatlon shall be displayed in aIphanume_ncform for
processed by the WIM system, or for only those vehicles Withmedlate review and recorded permanently. Option 1 shall

a front-axle or front-wheel load that exceeds a value set into th roviqfe means Lorbprehsenting this informatié)n_in h2ard-co%y
on-site system by the user at the beginning of a data-takinfp'™ If requested by the system operator. Option 2 may be

session. Also, means shall be provided for rapid, efiiciencPecified to exempt the Type Ill WIM system from producing

transfer of these data to files made available on a compatibl‘ﬁ(hee"_Ioad information (ltem 1 in T:_able it th.'s data item is
host computer (furnished by either the user or the vendor, a0t Of interest for enforcement. Option 3 for this type of WIM
specified for the specific site by the user) at a remote locationyStém shall provide for recording the following data items
according to an appropriate time schedule and data form&"OWn in Table 1 for every vehicle processed by the system: 1
specified by the user. The vendor shall furnish, document, angf. In lieu of 1 when Option 2 is specified), 5, 6, 8, 9, 10, and
support software for use on the host computer for processin&l' _These basic-data items allow subsequent computation of
the transferred data items in such a way that all data itemStatistical traffic data.
shown in Table 1 can be displayed in alphanumeric form for 4.1.4 Type I\\—This type of WIM system has not yet been
immediate review and subsequent use by the host computépproved for use in the United States, but for conceptual
user. This same software shall be provided on the portablgevelopment purposes, it shall be designed for use at weight-
computer for use when it is connected directly to the on-siteénforcement stations to detect weight-limit or load-limit vio-
instruments. On-site presentation of a hard-copy of all datétions. Speeds from 2 to 10 mph (3 to 16 km/h), inclusive,
items produced by the system shall be an optional featurghall be accommodated. A Type IV system that uses tire-force
(Option 1) of the system. Option 2 for this type of WIM system sensors (see 5.13) that support the entire tire-contact area(s) of
shall additionally provide means for counting and for recordingall tires on a wheel assembly simultaneously shall also be
hourly the lane-wise count of all vehicles traveling in eachcapable of indicating the wheel load(s), if applicable, and
lane, up to a maximum of ten lanes, at a data-collection sitendividual axle loads for a stationary vehicle. For each vehicle
including lanes without WIM sensors. Option 3 shall providethat is processed, the system shall produce all data items shown
for counting, classifying (via axle arrangement), measuring thén Table 1 except 7, 9, 12, and 13 and shall also estimate
speed of, and recording the hourly totals concerning all suclcceleration (while the vehicle is over the WIM-system sen-
vehicles by class (according to axle arrangement) and by largors). Provisions shall be made for entering and displaying
of travel. selected limits for wheel, axle, axle-group (including bridge-
4.1.2 Type I—This type of WIM system shall be designed formula grouping(2)) loads, and gross-vehicle weights as well
for installation in one or more lanes at traffic data-collectionas speed and acceleration, and for detecting and indicating
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violation of any of these limits by a particular vehicle. TABLE 3 FHWA Vehicle Types
Information used in determining a violation shall be displayed 2-pigit code Brief Description
in alphanumeric form for immediate review and recorded o1 Motorcycles
permanently. Option 1 shall provide means for presenting this 02 Passenger Cars o o
information in hard-copy form if requested by the system o other Two-Axle, Four-Tire Single Unit Vehicles
operator. Option 2 may be specified to exempt the Type IV 05 Two-Axle, Six-Tire, Single Unit Trucks
WIM system from producing wheel-load information (Item 1 06 Three-Axle, Single Unit Trucks
in Table 1) if this data item is not of interest for enforcement. o7 Four-or-More Axle Single Unit Trucks
08 Four-or-Less Axle Single Trailer Trucks
. 09 Five-Axle Single Trailer Trucks
5. Performance Requirements 10 Six-or-More Axle Single Trailer Trucks
11 Five-or-Less Axle Multi-Trailer Trucks
5.1 Accu.racy—Ealch type of WIM. system shall be capable 12 Six-Axle Multi-Trailer Trucks
of performing the indicated functions within the accuracy 13 Seven-or-More Axle Multi-Trailer Trucks

shown in Table 2. A test method for determining compliance
with these requirements under prevailing site conditions is
given in Section 7. The stated accuracy should be maintained 5.4 Lane and Direction Code-A lane and direction-of-
for ambient air temperatures at the WIM site from —20 to 120°Rravel code for each vehicle processed by Type I, Type Il, and
(-28 to 50°C); however, the user shall specify at the time offype lll WIM systems shall consist of a number beginning
system procurement the range of temperatures within whickvith 1 for the right-hand northbound or eastbound traffic lane
the WIM system must operate properly. The vendor shallnd continuing until all the lanes in that direction of travel have
supply evidence that the system offered is capable of complibeen numbered; the next sequential number shall be assigned
ance. After computation of the data items shown in Table 2, ndo the lanes in the opposite direction of travel beginning with
digit that indicates less than 100 Ib (50 kg) (load or weight), 1the left-hand lane and continuing until all lanes have been
mph (2 km/h) (speed), or 0.1 ft (0.03 m) (axle spacing) shall beaumbered. Provision shall be made for 12 numbers in the code.
retained. This code may be used to incorporate information required for
5.2 Vehicle Class-Vehicle classification according to axle FHWA Truck Weight Data Collectior(2).
arrangement shall be accomplished by Type | and Type Il WIM 5.5 Date—Date of passage shall be indicated numerically in
systems. The vendor shall incorporate software within eackach vehicle record processed by Type I, Type I, Type lll, and
Type | and Type Il WIM system for using the available Type IV WIM systems. The date format(s) used by the WIM
WIM-system axle-count and axle-spacing information forsystem to produce the vehicle record shall be clearly docu-
estimating the Federal Highway Administration (FHWA) Ve- mented and defaulted to the generally accepted format in the
hicle Types described briefly in Table 3. Sg65. Department  country of use. In the United States, the MM/DD/YY format,
of Transportation Traffic Monitoring Guid€?) for the com-  where MM is the month, DD is the day, and YY is the year, is
plete description of FHWA Vehicle Types. The axle-spacinggenerally accepted.
values used for this process shall be associated with each5.6 Time—Time of passage shall be indicated numerically
vehicle classified via the software. The values shall be mad&r each vehicle processed by Type |, Type Il, Type lll, and
readily accessible to the user, and a means shall be provided foype IV WIM systems in the following format: hh:mm:ss,
the user to modify the values easily. The FHWA Vehicle Typewhere hh is the hour beginning with 00 at midnight and
shall be indicated by the 2-Digit Code shown in Table 3. Acontinuing through 23, mm is the minute, and ss is the second.
user-defined Vehicle Type Code 14 shall be provided for 5.7 Vehicle Record NumberType I, Type I, Type Ill, and
application by the user. A Vehicle Type Code 15 shall beType IV WIM systems shall provide sequential-numbering
applied to any vehicle that the software fails to assign to one ofuser-adjustable) for each recorded vehicular data set.
the types described. 5.8 Wheelbase-Type | and Type Il WIM systems shall
5.3 Site Identification Code-Provisions shall be made in compute wheelbase as the sum of all axle spacings between
Type |, Type Il, Type lll, and Type IV WIM systems for centers of the front-most and the rear-most axles on the vehicle
entering, displaying, and recording a ten-character alphanwr combination that have tires in contact with the road surface
meric site identification code for each data-taking session. Thiat the time of weighing. This value shall be rounded to an
code can be used to incorporate information required fointeger value (in feet) (or to the nearest 0.1 m) before display
FHWA Truck Weight Data Collectioi2). or recording.

TABLE 2 Functional Performance Requirements for WIM Systems

Tolerance for 95 % Probability of Conformity

Function Type | Type Il Type Ii Vel = () Type IV i
Wheel Load =25 % =20 % 5000 (2300) 300 (100)
Axle Load +20 % +30 % +15% 12 000 (5400) 500 (200)
Axle-Group Load +15% +20 % +10 % 25000 (11 300) 1200 (500)
Gross-Vehicle Weight +10 % +15% 6% 60 000 (27 200) 2500 (1100)
Speed +1 mph (2 km/h)
Axle-Spacing +0.5 ft (0.15 m)

A Lower values are not usually a concern in enforcement.
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5.9 ESALs—Type | and Type Il WIM systems shall compute  5.9.2 Applying LEFs to Compute ESALs: Method Using
Equivalent Single-Axle Loads (ESALS) using American Asso-AASHO Road Test ConceptBy AASHTO’s concept,
ciation of State Highway and Transportation Officials Equivalent Single Axle Loads (ESALs) are the cumulative
(AASHTO) axle load equivalence factors (see 2.2 €d4, 6, number of applications of an 18 000-Ib single-axle load (a
7)) for single, tandem, and triple axles for flexible or for rigid common denominator) that will have an equivalent effect on
pavements. Provision shall be made for the user to select onvement serviceability of a specified pavement structure as all
of these pavement types for application at the beginning of angpplications of the axle loads on single, tandem, and triple
given data-processing session. The computations must be madeles on all vehicles in a defined mixed-traffic stream.
using only U.S. customary units. The system shall compute thAASHTO ESALs are determined by calculating the LEF for
total ESALs for each vehicle or vehicle combination andeach axle set on all vehicles in a measured or assumed
prepare these data for display as part of each vehicle recorthixed-traffic stream according to its axle type (single, tandem,
When displayed, this value shall be rounded to two significantriple) and magnitude of load for a defined pavement structure
digits following the decimal and presented in the following and terminal serviceability, and summing the LEFs. Except for
format: FESAL = for flexible pavements, and RESAL = for axle loads of 2000 Ib or less on the axles of two-axle vehicles,
rigid pavements. The parameter for serviceability at the end ofhe LEF calculated for a single axle is not applicable to the
time t, p, shall be adjustable by the user, but 2.5 shall besteering axle in calculating ESALs. The nominal values of
programmed as a default value. Similarly, the value forsteering axle loads at the AASHO Road Test ranged from 2000
structural numberSN, used for computing flexible pavement to 12 000 Ib. Thus, no steering axle load exceeded 12 000 Ib,
equivalence factors shall be user adjustable, but shall beominal. So, for steering axles loaded to less than 12 000 Ib (as
defaulted to 5.0 (see 2.2). The value for thickness of rigidat the AASHO Road Test) no LEF should be applied to the
pavement slabD, used in computing rigid pavement equiva- steering-axle load; its effect has already been accounted for.
lence factors shall be user adjustable, and shall be defaulted Bt for steering axles loaded to 12 000 Ib or more (not used at
9.0 in. (see 2.2) in the WIM-system program. Provision shalthe AASHO Road Test), an appropriate, single-tire LEF should
be made in the program to list on demand all parameterge applied, and these ESALs should be accumulated along with
actually utilized in the ESAL computation during any given those from the other (non-steering) axle(s) on the veh(@e.
data-processing session. The user shall specify the method(s)5.9.3 Applying LEFs to Compute ESALs: Method Used for
(see 5.9.2 and 5.9.3) that will be provided by the vendor in thehe Examples in AASHTO Guidedhe method that is illus-
WIM-system software for applying LEFs to compute ESALSs. trated by numerical examples shown in 2.2 for applying load
Every Type | and Type Il WIM system shall include software equivalence factors in calculating ESALs have been followed
for performing the computation of ESALs by the method by state agencies and FHWA since 1972. So that ESALs values
described in 5.9.3. comparable to those already on file will be produced by future

5.9.1 Computation of LEFs-Equations for calculating the WIM systems that comply with this specification, the illus-
AASHTO axle load equivalence factor (LEF) for each axletrated methodology shall, as a minimum, be implemented in
type (single, tandem, triple) and load are presented in Anne&Very such system. In the numerical examples in the guides, the
Al. These equations may be used to calculate directly the LEBteering axle is considered to be a “single” axle along with
for an individual axle load and type, terminal serviceability, other single axles on a vehicle. In calculating the total ESALs
and pavement Strength Characteristmfor flexible orD for for all vehicles in an observed or assumed mixed-traffic stream,
rigid) in lieu of using the tabular (previously calculated from for each vehicle class, the number of axles, according to axle
the equations for selected increments of the variables) valud¥pe, in various load classes is listed, and then a tabular value
presented in the AASHTO pavement design guides (See 2_2§¢alculated from the regression equations by using the middle
The equations were derived from statistical analysis of datyalue in the load range) for the “Traffic Equivalency Factor”
taken during the AASHO (now AASHTO) Road Te@, 4); (called herein a Load Equivalence Factor, LEF) is multiplied
therefore, the applicability of the equations to model theby the number of observed axles, according to axle type, in
relationship among the included variables is limited to theeach load class to yield the “A 18 Kip EAL’s” (Average 18-Kip
nature and range of each variable that was observed at thequivalent Axle Loads) attibutable to each axle type for all
AASHO Road Test. The axle load that was included as ®bserved axles. The sum of the EALSs for all observed axles is
variable in the derivation of the regression equations was onlglivided by the number of observed vehicles in the class to yield
the load on axles of the test trucks that were called load axle@n average number of equivalent axle loads, EALs, per vehicle
The observed change in pavement serviceability that resulte@f that class.
from the steering axle on each test truck, except pickup-type 5.10 Violations—Violations of all user-set parameters shall
trucks, that was run at the AASHO Road Test was not assessé& determined by Type |, Type Il, Type lll, and Type IV WIM
separately, but was incorporated into that which was attributedystems. A 2-character violation code, such as shown in Table
in the regression equations to the loads on the other axle$ shall be used for each detected violation and shall be
(single or tandem) on each test truck. The steering axle and thiecluded in the displayed data. Provision shall be made for the
rear axle on pickup-type test trucks were both called load axlegser to define up to 15 violation codes. An additional optional
and provided data points for direct inclusion of the effects offeature that calls attention to any data items that are in violation
2000-Ib single-tire, single-axle loads in developing the regresef user-set limits may be specified by the user, for example,
sion equations. flashing, underlining, bold-facing, or audio tones.
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TABLE 4 Violation Code under known impact loads applied at multiple, evenly-spaced
Violation Code intervals of 1 ft (0.3 m) or less along the length of the sensor
Wheel Load WL prior to installation and found to meet Class | signal-uniformity
Axle Load AL tolerances (better than seven percéh))
Axle—Group Load AG
Gross-Vehicle Weight GV 6. User Requirements
Bridge—Formula Load BF i L.
Over Speed 0s 6.1 Site Conditions-In order for any WIM system to
Xndelr Srieed xg perform properly, the user must provide and maintain an

ration H H ’

Deooloration oF adequate operating environment for the system’s sensors and

instruments. Construction or selection of each WIM site, as
well as continuing maintenance of the site and the sensors, are
5.11 Acceleratior—Type Il and Type IV WIM systems extremely important user considerations. The following site
shall measure vehicle acceleration, which is a change iconditions, or better, shall be provided by the user if the
velocity. Negative acceleration is also called deceleration. Thperformance criteria given in this specification are to be
forces acting on a vehicle to produce acceleration can effeaonsistently realized. The user must recognize that the perfor-
significant change in the distribution of the gross-vehiclemance of the WIM system depends uniquely upon the quality
weight among the axles and wheels of the vehicle as compareaf the sensors and their prevailing operating environment.
to the distribution when the vehicle is static. Therefore, anySystem performance is degraded by less-than-ideal site condi-
severe acceleration while the vehicle is passing over th&ons, even though the WIM-system sensors, instruments, and
WIM-system sensors can invalidate wheel and axle loadsalgorithms are capable of high-quality performance. The user
estimated by the system. Average acceleration of 3 (05  can require quality of performance only in proportion to the
m/<?) or greater during the time that the wheelbase (see 5.8) ajuality of the site conditions provided.
the vehicle is passing over the tire-force sensors should be 6.1.1 Horizontal Alignment-The horizontal curvature of
considered as a violation. This value shall be user-adjustabléhe roadway lane for 200 ft (60 m) in advance of and 100 ft (30
but the vendor shall program 2 #/§0.6 m/$) as the default m) beyond the WIM-system sensors shall have a radius not less
value in these WIM systems. than 5700 ft (1.7 km) measured along the centerline of the lane
5.12 User-Assignable CodeFor Type |, Type II, Type lll,  for all types of WIM systems.
and Type IV WIM systems, provision shall be made to allow 6.1.2 Longitudinal Alignment (Profile}-The longitudinal
manual entry of a user-assignable three-digit code into angradient of the road surface for 200 ft (60 m) in advance of and
vehicular data set prior to recording. 100 ft (30 m) beyond the WIM system sensors shall not exceed
5.13 Tire-Force SenserAs the tires of a vehicle being 2 % for Type I, Type Il, and Type IIl WIM-system installations,
weighed in motion might travel anywhere between the instruand shall not exceed 1 % for Type IV installations.
mented traffic lane edges, it is necessary for the magnitude of 6.1.3 Cross Slope-The cross-slope (lateral slope) of the
the signal from the tire-force sensor(s) in the lane to be theoad surface for 200 ft (60 m) in advance of and 100 ft (30 m)
same (within tolerance) for a given applied tire force(s),beyond the WIM-system sensors shall not exceed 3 % for Type
regardless of the lateral position of the tire(s) within the lane], Type Il, and Type Ill WIM system installations, and shall not
if consistent load and weight estimates are to be made by exceed 1 % for Type IV installations.

WIM system. 6.1.4 Lane Width and Markings-The width of the paved
5.13.1 Therefore, the user shall specify that every tire-forceoadway lane for 200 ft (60 m) in advance of and 100 ft (30 m)
sensor installed for use with a Type |, Type lll, or Type IV beyond the WIM-system sensors shall be between 12 and 14 ft

WIM system shall be certified by the vendor to have been3.6 and 4.3 m), inclusive. For Type lll, except those with
tested prior to installation and found to produce signals thasensors in the main highway lanes, and Type IV WIM systems,
were linearly proportional, within 2 % of the applied load, to athe edges of the lane throughout this distance shall be marked
simulated tire load. The simulated tire load shall be applied awith solid white longitudinal pavement marking lines 4 to 6 in.
three levels: 10, 50, and 90 % of rated sensor capacity. Eadii00 to 150 mm) wide. At least 3 ft (1 m) of additional clear
level of applied load shall be measured such that its magnitudgpace for wide loads shall be provided on each side of the
is known to be within 0.25 % of its true value, for example, via WIM-system lane.
a NIST-certified load cell. Loads shall be applied at the 6.1.5 Surface SmoothnessTo allow reliable WIM-system
approximate longitudinal center (in the direction of traffic performance within the tolerances shown in Table 2, the
movement) of the sensor and at three equally spaced intervatsirface of the paved roadway 200 ft (60 m) in advance of and
laterally between the ends of each half-lane-width portionl00 ft (30 m) beyond the WIM-system sensors shall be smooth
(nominally, 6 ft (1.8 m)) of the sensor. The maximum allowablebefore sensor installation and maintained in a condition such
difference (tolerance) between the highest and the lowest of thibat a 6-in. (150-mm) diameter circular plate 0.125-in. (3 mm)
three signal values recorded at any load level shall be 2 % dhick cannot be passed beneath a 20-ft (6-m) long straightedge
the highest value. when the straightedge is positioned and maneuvered in the
5.13.2 The user shall specify that every sensor, usually #llowing manner:
piezo-type axle-load sensor, nominally 12 ft (3.6 m) long to 6.1.5.1 Beginning at the longitudinal center of the WIM-
cover a full lane width, installed for use with a Type Il WIM system sensors, or sensor array, place the straightedge along
system shall be certified by the vendor to have been testegach respective lane edge with the end furthest from the
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sensors at the distances from the longitudinal center of thexceptions, and any additional features of the WIM system
sensors as indicated below. Then pivot the straightedge aboshall be specified by the user. The user shall also specify the
this end, and sweep the end nearest the sensors between tia#a items to be included in the display, the number of vehicle
lane edges while checking clearance beneath the straightedgecords to be displayed simultaneously, and whether the ability

with the circular plate. to hold a selected record(s) on display without interference
Lane Longitudinal distance from Center of Sensors, ft (m) with continuous data taking by the system is required. The user
Edge should note that the number of data items selected will affect
Right 20, 30, 44, 60, 76, 92, 108, 124, 140, 156, 172, 188, 204 the number of vehicle records that can be displayed simulta-

(6, 9, 13, 18, 23, 28, 33, 38, 43, 48, 53, 58, 62) neously.

20, 36, 52, 68, 84, 100, 116, 132, 148, 164, 180, 196, 212

Left (6, 11, 16, 21, 26, 30, 35, 40, 45, 50, 55, 60, 65)

6.3 Recalibration—The user shall recalibrate every WIM
system following any significant maintenance or relocation.

6.1.6 Pavement StructureThe user shall provide and Recalibration shall be performed no less frequently than
maintain an adequate pavement structure and surface smoo#hnually. Abrupt or unusual changes in data patterns can also
ness to accommodate the WIM-system sensors throughoifidicate the need for recalibration. Recalibration of system
their service life and shall install and maintain the sensors IrTypeS I, 11, and Il shall be performed in accordance with the
accordance with the recommendations of the system vendQfethod presented in 7.5, and system Type IV shall be recali-

Experience has indicated that a Portland cement concrete (alg@ated in accordance with the method presented in 7.4.5 to
called rigid) pavement structure generally retains its surfac@nsure consistent performance.

smoothness over a longer period of time than a bituminous 6.4 Acceptance TestAs part of every new WIM system
(also called flexible) pavement structure under heavy traffic abrocurement contract, or any major modification contract on an

go\év:c'tvl gs(,)ite. lConsider?tion slhoul_dfbe g(;ven to Froviding aexisting system, the user shall specify the test method and the
-ft (30-m) long continuously reinforced concrete paVememé,chedule for testing that will be accomplished prior to final

(CRCP) or a jointed concrete pavement (JCP), with transvers’gcceptance by the user and final payment to the vendor. This

joints spaced 20 ft (.6 m) or less apart, at permanent WI.M Site?est shall be conducted on-site by the user or the user’s

Duthorized representative in cooperation with the vendor, after

sEusc?jrifOiEidi\I/rgpr?ennst ngaldelr)neenﬁ;mzss.)mgghs:;Igfiuor];nevgg e system has been installed or modified and calibrated (see
giap 9 9 5). The specification shall state clearly the proportions of

before installing WM sensors. The user should assure that th|%-itial-calibration and acceptance-test expenses to be borne b

skid resistance (See Terminology E 867) of the surface after P . XP y
LY . he user and by the vendor, including the expenses for

grinding is at least as good as that of the adjacent surfaces. At

a site with flexible pavement, a 50-ft (15-m) long Sectionproviding and operating test vehicles and for traffic control.

comprising full-depth-asphalt, or black-base, design should bghe On-site Acceptance Test described in 7.6 may be refer-
nced for this purpose.

considered for installation at each end of the Portland cemerit -
concrete pavement structure to effect a stiffness transition 6-4-1 Implications of a Type-Approval TestThe
between the two pavement structural types. Maintenancécceptance-test specification should require t_hat the WIM
replacement, or repair activity at a WIM site under traffic is SyStem being offered by the vendor pass a rigorous Type-
hazardous and expensive; therefore, the installation should #PProval Test, conducted under excellent site conditions (see
done right the first time. 6.1), to demonstrate that the system is capable of performing
6.1.7 Instrument EnvironmertThe user shall provide and adequately under such conditions. This test verifies the func-

maintain a climatic environment for the WIM-system instru—t'ona“t.y of all features of the system, as vv_eII as its highest
nBotentlal accuracy when the sensors are subjected to loads from

a wide range of vehicle types. If the vendor provides credible
evidence that the type and model of system being offered has

6.1.8 Power—The user shall provide and maintain an ad- .
. . : already successfully passed the applicable Type-Approval Test
equate electrical power supply at each WIM site, or specify yescribed in Section 7 and the user provides site conditions that

optional battery-powered system as described in 4.1, or boﬂ}‘neet or exceed those given in 6.1, the system will be expected

6.1.9 Data Communicatioa-The user shall provide and 4 perform at the site within the tolerances stated in Section 5.
maintain an adequate data communication link between thg j; fajls to perform within these tolerances in an on-site
WIM site and the remote host computer where data will be;cceptance test where the site conditions meet or exceed those
processed. This link can also serve to monitor the performancgyen in 6.1, the indication is that the installed system is faulty
of the WIM system and adjust its settings from a remot€;nq the vendor shall be responsible for corrective action.
location. However, if the vendor does not provide evidence of previous

6.1.10 Temperature RangeThe user shall specify the rea- Type-Approval testing, the user will not be assured of the
sonable maximum and minimum ambient air temperatures igapability of the system and shall either require conduct of a
which the WIM system being procured will be operated, andType-Approval Test (expenses to be negotiated) wherein the
the vendor shall supply evidence that the system offered igser shall provide appropriate site conditions (see 6.1), or reach
capable of performing properly within this temperature rangean agreement with the vendor before the on-site acceptance test

6.2 Options, Exceptions, and Additional FeatureBny  begins as to the specific, quantified tolerance values that will be
desired optional features described in Sections 4 and 5, argcceptable if the site conditions provided by the user do not

agreed upon by the system vendor.
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meet or exceed those given in 6.1. In the latter case, thers, or axle-load scales whenever any tire-load measurement is
responsibility for inadequate WIM-system performance can lienade. The maximum slope of this plane from horizontal shall
with the vendor, the user, or both. be 2 %. Suitable blocking or mats may be utilized, or the
6.4.2 On-Site Acceptance TesfThe On-Site Acceptance weighing device(s) may be recessed into the pavement surface
Test described in 7.6 may be used in lieu of a full Type-to provide the required vertical orientation of the tire-pavement
Approval Test under the circumstances outlined in 6.4.1. It isontact surfaces. When wheel-load information is required,
an abbreviated form of the Type-Approval Test that indicatesvheel and axle load shall be measured simultaneously using a
primarily the effects of the prevailing site conditions upon thepair of wheel-load weighers. When wheel-load information is
performance of a capable WIM system. not required, axle-load shall be determined by positioning each
axle to be weighed either simultaneously or successively on an
7. Test Methods for WIM System Performance axle-load scale(s), a multi-platform vehicle scale, a portable
7.1 Scope—Test methods for evaluating the perfor'mance'ofax|e_|oad weigher(s), or a pair(s) of wheel-load weighers.
each type of WIM systems are presented in this sectionaxje-group load shall be determined either by positioning all
Procedures are given for conducting a Type-Approval Test (Segyjes in the group simultaneously on the required number of
7.2, 7.3, 7.4) for any new or modified type or model WIM yeighing devices (preferred) or by successively positioning
system, and an On-Site Acceptance Test (see 7.6) for newlysach axle in the group on a pair of wheel-load weighers or on
installed equipment at a site. Also included in this section is &, axle-load weighing device. The number of movements of
Calibration Procedure for on-site calibration (see 7.5)—tOpe vehicle to accomplish the successive tire-load measure-
remove as much bias as practicable from the weight, load, andients shall be minimized. A tire-load measurement shall be
axle-spacing estimates—to be used at the time of systefyade only when the brakes of the vehicle being weighed are
installation or whenever site condlltlon.s or equipment ha\{qu||y released and all tires are properly positioned on the
changed. Both tests and the calibration procedure requirgaq.receiving surface(s) of the weighing device(s). Suitable
weighing and measuring static vehicles to determine referencgeaans (for example, chocks) shall be used to keep the tires
values against which WIM-system-estimated values will beyrgnerly positioned while the brakes are released. Gross-
compared. The recommended procedure for weighing statigapicle weight shall be the sum of all wheel loads or axle loads
vehicles is outlined next. . _ for the vehicle. No tire-load measurement shall be taken until
7.1.1 Apparatus for Weighing Static Vehicles\ll appara-  gcillations induced by inertial forces (for example, via a load
tus used for weighing static vehicles shall be certified agy¢ yngulant liquid) of the vehicle have subsided to a point that
meeting the applicable maintenance tolerance specifidSit  ,icated tire load is changing less than three scale divisions in
Handbook 441) within 30 days prior to use. When wheel-load 3 g | more tha 6 s are required to reach this stable condition
data are required from the WIM system, the correspondingyhen making any tire-load measurement after the brakes on the
reference tire-load values for Type I, Type Ill, and Type IV yehicle being weighed are fully released, the vehicle shall be

WIM systems shall be determined with wheel-load weighersyjiminated from the Test Unit for Type-Approval Test Loading.
that meet the respective tolerance specificatioNI&T Hand- (see 7.2.4, 7.3.4, and 7.4.4.)

b0°k. 44 .(1) The minimum numbe_r_of wheel-load _we|ghers 7.1.3 Procedure for Weighing and Measuring Test Vehicles
required is 2 and the preferred minimum number is 6. Alter-

natively, an axle-load scale or a multi-platform vehicle scaleto Obtain Reference ValuesTwo test vehicles (see 7.5.3) are
Y, P -used for the Calibration Procedure, the Type-Approval Test,

that has approaches and aprons adjacent to the Ioad-recemggd the On-Site Acceptance Test. The following procedure
platform(s) that can sypport_the tlre_-pavement ContaCt _surface%a" be applied for obtaining reference load, weight, and
of allgres Og the ve_hl;]:le Ee"rgl' wglghed as desdcnl?ed n le xle-spacing values for each of the static test vehicles
may be used to weigh wheel loads on one end of an axle '

y 9 y 7.1.3.1 Measure the center-to-center spacing between suc-

positioning the wheel(s) on the other end of the axle on the ‘- X
adjacent apron. When this alternative technique is used tHeessive axles on each test vehicle and record these data to the

wheel loads on both ends of the axle shall be determined, arftfarest 0.1 ft (0.03 m) as axle-spacing reference values.
then used only to apportion the measured axle load between the7-1.3.2 Weigh each test vehicle a minimum of three times,
wheels on each end of the axle. When wheel-load data are n@}{lth brakes released, as described in 7.1.1 and 7.1.2 to measure
required, axle-load scales, multi-platform vehicle scales, portire loads for the wheel(s) on each end of every axle on the
table axle-load weighers, or a pair of wheel-load weighers thastatic vehicle. Move the vehicle completely away from the
meet the respective tolerance specificatioN8T Handbook scale or weigher before beginning a new set of tire-load
44, (1) shall be used for obtaining reference tire-load values fofmeasurements, and always approach the weighing devices
Type Il and Type Il WIM systems. Either an axle-load scale orfrom the same direction for weighing. Sum the applicable tire
a multi-platform vehicle scale, along with wheel-load weighersloads to determine wheel, axle, and tandem-axle loads as well
if required, shall be used for measuring reference tire-loads gross-vehicle weight each time the vehicle is weighed.
values for Type Ill and Type IV WIM systems. 7.1.3.3 Calculate the arithmetic mean for all wheel load,
7.1.2 Use of Apparatus for Weighing Static VehieleShe  axle-load, tandem-axle-load, and gross-vehicle-weight values
tire-pavement contact surfaces of all tires on the vehicle beinthat resulted from weighing each test vehicle three or more
weighed shall be within 0.25 in. (6 mm) of a plane passingtimes; also calculate the difference, in percent, from this mean
through the load-receiving surface(s) of the multi-platformof each individual value used in calculating the respective
vehicle scale, wheel-load weighers, portable axle-load weighmean.
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7.1.3.4 Compare these percent differences from the mean guitable site within reasonable proximity to the Type-Approval
the following specified limits for each applicable load or Test site.
weight value for each test vehicle: gross-vehicle weight = 7.2.2 Significance and Uselnterpretation of the results
2 %, tandem-axle load = 3 %, axle load == 4 %, and wheel from the Type-Approval Test will allow the user to determine
load = = 5%. These limits define a practicable range intowhether the tested Type | or Type Il WIM system is capable of
which an individual observation must fall in order to demon-meeting or exceeding the performance requirements stated in
strate that the weighing process for the static vehicle iSection 5. This can also indicate the potential upper limit of
producing results that are suitable for use as reference-valygerformance that can be achieved by the particular type and
loads and weights against which WIM-system estimates will benodel of system, as the road surface conditions that potentially
evaluated. affect the location and magnitude of dynamic tire forces

7.1.3.5 If any of the measured or calculated load or weighsignificantly, shall be the best available for conducting the
values exceeded the specified range, correct deficiencies in tAgpe-Approval Test and shall, as a minimum, satisfy the user
reference-value weighing process and weigh each test vehicl@quirements given in Section 6.
a minimum of three more times. 7.2.3 Site for Type-Approval TestBoth the user (or a
7.1.3.6 Repeat 7.1.3.5 until the weighing process yie|d§ecognized representative of user’s interests) and the vendor

reference-value loads and weights that are within the specifiegf@/! approve the Type-Approval Test site as well as the
range. WIM-system installation prior to conducting the test. The

. . . actual road-surface and WIM-system sensor conditions that
7.1.3.7 For reference-value loads and weights against whic - . .
i brevail in each lane during type-approval testing shall be
to compare WIM-system estimates, use the calculated arithy . : : X
: . documented in terms that verify compliance with the user
metic mean value for the respective wheel load, axle-load . . .
fequirements given in 6.1.

tandem-axle-load, and gro;s-yehlcle—we|ght valyes that re- 7.2.4 Test Unit for Type-Approval Test LoadingThe test
sulted from successfully weighing each test vehicle three or . for loading the WIM svstem beina evaluated in the
more times. unit for loading ys! 9 .
Type-Approval Test shall comprise two test vehicles (see 7.5.3)

7.2 Type-Approval Test for Type | and Type Il WIM Systemsa; will make multiple runs over the WIM-system sensors at

7.2.1 Scope-The Type-Approval Test described here is for prescribed speeds along with other vehicles selected in random
evaluating the performance capabilities of a new type or modedrder from the traffic stream at the Type-Approval Test site.
WIM system under excellent site conditions and under trafficThe number of vehicles in each Vehicle Class (see 5.2) to be
loading that is representative of that which will be of interestselected in random order from the traffic stream for inclusion in
where Type | and Type Il WIM systems will usually be applied. the test unit is shown in Table 5. See 7.2.1 concerning
Performance requirements for each type of WIM system arénodification of the loading test unit.
given in Section 5 of this specification, and associated user 7.2.5 Calibration—Within 48 h prior to beginning the
requirements are given in Section 6. The WIM system beingrype-Approval Test, the WIM system shall be calibrated in
evaluated in the Type-Approval Test shall be subjected to accordance with the calibration procedure presented in 7.5.
loading test unit comprising two test vehicles (see 7.5.3) plus 7.2.6 Procedure—The user shall be in responsible charge
approximately 51 additional vehicles selected from the trafficand shall include the following steps in conducting the Type-
stream at the Type-Approval Test site. Other types of vehicleapproval Test.
may be added to the loading test unit by the user who is 7.2.6.1 As a joint effort between the user (or a recognized
conducting the test at any Type-Approval Test site where largeepresentative of user’s interests) and the vendor, select the
numbers of vehicles in classes not already included argest available WIM-system site that, as a minimum, meets the
operating. Likewise, the user conducting the test may eliminatgpplicable requirements stated in 6.1.
vehicles of a particular class(s) from the loading test unit if 7.2.6.2 Ensure that a suitable site for weighing vehicles
none appears at the site within a practicable duration of the tesgtatically is available within a reasonable distance of the WIM
For each vehicle eliminated, one of another class prevalent gjte, that trafic can be controlled safely at this location, and

the site shall be added to maintain a total of 51 vehicles in thénat test vehicles can turn around safely and conveniently for
loading test unit. Vehicles determined to be carrying a shifting

or undulating load at the time of reference-value weighing (see x5 g 5 Composition of Test Unit for Type-Approval Test

7.1.2) may also be eliminated. Another vehicle of the same Loading of WIM Systems

class shall be substituted for the one eliminated. The two test ) Nomher of Solocted Veloies
vehicles, that will make multiple passes over the WIM-system Vehicle Class (Total = 51)
sensors at the minimum and at the maximum speed specified 05 5

by the user between 10 and 80 mph (16 and 130 km/h), and at 06 5
intermediate speeds, provide a basis for evaluating the perfor- %88((225312); .

mance of the WIM system over a range of speeds. The 08 (351) 4
additional vehicles included in the loading test unit serve the 09 (352) 20

function of subjecting the WIM system to loading by a o ((32;1_‘22))5 :
representative variety of vehicle classes. All vehicles compris- 13 3

ing the loading test unit shall be weighed statically on certified™ 7,55 ractor, single-axle semi trailer.
Weighing devices as described in 7.1.1, 7.1.2, and 7.1.3 at a® Three-axle tractor, single-axle semi trailer, two-axle full trailer.
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multiple passes. Obtain approval from the public authorityrequirements stated in Section 5 for the two test vehicles and

having jurisdiction over the site for the traffic control proce- the remainder of the vehicles in the Type-Approval Test

dures that will be used during testing. Provide facilities at thidoading unit (see 7.2.4).

site for weighing all vehicles in the loading test unit (see 7.1.1). 7.2.6.12 Interpret and report the results as described in
7.2.6.3 Install the WIM system in accordance with the7.2.8.

vendor’'s recommendations and execute the calibration proce- 7.2.7 Calculation—Calculation is needed for defining the

dure that is presented in 7.5. reference-value loads and weights of the static vehicle with
7.2.6.4 After agreement by both the user and the vendokvhich to compare WIM-system-estimated values, and evaluat-

install the settings defined in 7.5.5.5 on the WIM-system.  ing conformity of data items produced by the WIM-system to
7.2.6.5 Using traffic control procedures approved by theSpecification requirements.

appropriate public authority and other reasonable safety pre- 7.2.7.1 Procedure for Calculating Reference-Value Loads

cautions, have each test vehicle make five or more runs ov@nd Weights-Only certified weighing devices (see 7.1.1) shall

the sensors in each lane at an attempted speed approximatel§ utilized for determining reference-value tire loads.

mph (8 km/h) less than the maximum speed, and then five dreference-value loads and weights are calculated by summing

more additional runs at an attempted speed approximately #e loads. For WIM systems that produce estimates of wheel

mph (8 km/h) greater than the minimum speed, used duringpads, calculate reference-value axle load by summing two

calibration (see 7.5.5.3). At each speed, one or more runs shatheel loads, axle-group load by summing the wheel loads for

be made with the test vehicle tires near the left-hand lane edg@!ll wheels in each axle group, and gross-vehicle weight by

and one or more runs with the test vehicle tires near théumming the wheel loads for all wheels on the vehicle. For

right-hand lane edge. The other runs shall be made with the te¥YIM systems that do not produce estimates of wheel loads,

vehicle approximately centered in the lane. Weigh each tegtum the appropriate axle loads to calculate axle-group loads

vehicle statically after or before every run over the WIM and gross-vehicle weight, if wheel-load weighers are not used.

sensors (see 7.1.2). Record all data, and correlate the WIME wheel-load weighers are used, use the procedure stated

system vehicle record number for every run of each test vehiclabove for summing tire loads.

with the corresponding static weighing record. 7.2.7.2 Procedure for Calculating Percent of Non-
7.2.6.6 For reference speed values, measure the speed of fagnforming Data Items-For each data item that is produced

test vehicle each time it passes over the WIM-system sensoly the WIM system and shown in Table 2, calculate the percent

with a calibrated radar speed meter or by some other mearhfference in the value and the corresponding reference value

(such as wheelbase/time) acceptable to both the user (orhy the following relationship:

recognized representative of user’s interests) and the vendor, d = 10(q(C — R/R] (1)

and record the observed speed. The radar speed meter, if used,

shall be calibrated by the method recommended by its vendoWhere

within 30 days prior to use. difference in the value of the data item produced by the
7.2.6.7 Make the calculations shown in 7.2.7 for the 20 or WIM system and the corresponding reference value

more runs (five or more runs at two speeds by two vehicles) of . _ expressed as a percent of the reference value, %,

the test vehicles and compare the functions and performance of ~ value of the data item produced by the WIM system,

the WIM system with all specification requirements, including R = 2gflrespond|ng reference value for the data item.

speed and axle spacing. See Section 4 for functions and Sectlon7 573 Determine the number of calculated differences that

5 f70r2%egoler?n(\:/(\a/If\(/ljlire;rt]grisfunction or more than 5 % of the exceeded the tolerance shown in Table 2 for each data item and
y y ? express this number as a percent of the total number of

load, weight, or axle-spacing values resuling from all test observed values of this item by the following relationship:
vehicle runs fails to satisfy the specification, the user who is in

responsible charge of conducting the Type-Approval Test shall Pee = 10q0/N] @
consider the fact that at least 95 % of all WIM-system- where:

estimated values, including those resulting from runs alreadyp = percent of calculated differences that exceeded the
made by the two test vehicles plus the runs that will be made specified tolerance value,

by the 51 additional vehicles to be selected from the trafic, = number of calculated differences that exceeded the
stream must meet the specified tolerances for type approval of specified tolerance value, and

the system, and then decide whether to continue the test. N = total number of observed values of the data item.

7.2.6.9 If continuation is approved, select vehicles from the 7.2.3 Interpretation of Test Results and Repetf any
traffic stream to complete the makeup of the test unit forspecified WIM-system function failed, or if more than 5 % of
Type-Approval Test loading as specified in 7.2.4. the calculated differences for any applicable data item (speci-

7.2.6.10 Allow each of the selected vehicles to pass over thited in Section 4) resulting from all passes of the two test
WIM-system sensors at normal speed and require each vehiclehicles (each vehicle made five or more passes at two
to stop for weighing (see 7.1.1 and 7.1.2) and for measuremeulifference speeds) and from the single pass of each selected
of axle spacing (see 7.1.3.1). vehicle over the sensors at normal speed exceed the specified

7.2.6.11 Make the calculations shown in 7.2.7 and compartolerance (specified in Section 5) for that item, declare the
the performance of the WIM system with the specificationWIM system dysfunctional or inaccurate and report that it

10
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failed the Type-Approval Test. Regardless of whether thdrom the Type-Approval Test will allow the user to determine
system fails or passes the Type-Approval Test, tabulate all datahether the tested Type IIl WIM system is capable of meeting
used in making the determination, including the surface coner exceeding the performance requirements stated in Section 5.
ditions, and send the results to ASTM Committee E17 onThis can also indicate the potential upper limit of performance
Vehicle-Pavement Systems within 90 days after completion ofhat can be achieved by the particular type of system as the
on-site data collection so that statements about bias anwad surface conditions that potentially affect the location and
precision of the test can be formulated as experience imagnitude of dynamic tire forces significantly shall be the best
accumulated. available for conducting the Type-Approval Test and shall, as
7.2.9 Precision and Bias-A statement about precision and @ minimum, satisfy the user requirements shown in Section 6.
bias of a test method should allow potential users of the test to 7.3.3 Site for Type-Approval TestSee 7.2.3.
assess in general terms its usefulness for a particular purpose.7.3.4 Test Unit for Type-Approval Test Loadirgrhe test
It is intended to provide guidance as to the amount of variatiosnit for loading the WIM system being evaluated in the
that can be expected in test results when the test is conductddpe-Approval Test shall be the same as specified in 7.2.4,
in one or more comparable laboratories or situations. This is &xcept that each vehicle selected from the traffic stream for
test method that produces pass-or-fail results. The precisioficlusion in the loading test unit shall have one or more of the
and bias of the procedure and calculations in this acceptandellowing loads or weights that is at least 80 % of the
test for Type | and Type Il WIM systems are being determinedapplicable legal limit: gross-vehicle weight, axle-group load,

7.3 Type-Approval Test for Type Il WIM Systems axle load, or wheel load.

7.3.1 Scope—A procedure is given for conducting a Type- 7.3.5 Calibration—See 7.2.5. ,
Approval Test of a Type Il WIM system. This type system is 7.3.6 Procedure—The procedure for conducting the Type-
designed for installation at weight-enforcement stations witt\PProval Test for Type Ill WIM systems shall be the same as
sensors off the main highway lanes, or in one or more maiffféscribed in 7.2.6 with the following exceptions: _
highway lanes, to identify vehicles operating within a user- /-3.6.1 After 7.2.6.8, if continuation is approved, verify the
specified range of speeds between 10 and 80 mph (16 and lg@ﬂlty of the WIM system with sensors mstall_ed off the main
km/h), inclusive, that are suspected of weight-limit or |0ad_h|ghway lanes to detect excessive acceleration by having the
limit violation. The system must also control official traffic- driver of each loaded test vehicle approach the WIM-system
control devices that direct suspect vehicles to a scale fope€nsors at a speed between 30 and 40 mph (50 and 60 km/h),
confirmation weighing and measurement and direct nonlnclusive, and apply heavy braking for approximatels while
suspect vehicles past the scales without stopping. The Typéhe veh|cl_e is passing over the sensor array. Excessive negz_itlve
Approva] Test shall be conducted under excellent site Condiacceleratlon (deceleratlon) should be indicated by the -Vi0|at|0n
tions and under trafic that includes vehicles that areCode DE (see Table 4). Compare the WIM-system estimates of
representative of the vehicle classes of interest where Type IWeights for these runs with those for steady-speed runs and
WIM systems will usually be installed. Performance require-lnC|Ude_ these comparisons in the data reported to ASTM
ments for this type system are presented in Section 5, and usePmmittee E17 on Vehicle-Pavement Systems. Proceed with
requirements are given in Section 6. Tolerances for Type 11I/-2.6.9.
WIM systems are somewhat smaller than for Types | and II, as 7.3.7 Calculation—See 7.2.7.
the required reference-value weighing devices are continually 7.3.8 Interpretation of Test Results and Repei$ee 7.2.8.
available for on-site calibration at any chosen time. Test 7.3.9 Precision and Bias-The precision and bias of the
loading for the Type-Approval Test is designed to allow procedure and calculations in this Type-Approval Test for the
evaluation of the variability in measured or calculated loadsType Il WIM system are being determined.
and weights of static vehicles as well as the accuracy of 7.4 Type-Approval Test for Type IV WIM Systems
WIM-system estlmat_e_s of the various data items produced _by 7.4.1 Scope-The Type IV WIM system is designed to
the system. Capability of the system to detect excessivgetect weight-limit or load-limit violations by highway ve-
acceleration of a vehicle while it is over the off-main-lane hjcles for enforcement purposes. Even though this type WIM
WIM-system sensors is also evaluated. All vehicles used fosystem has not yet been approved for use in the United States,
test loading the Type Il WIM system shall be weighed a procedure for type-approval testing to determine conformity
statically as described in 7.1.1 and 7.1.2 using the certifiegyith the performance requirements specified in Section 5 is
scales installed at the weight-enforcement site where thgresented. The procedure includes data collection needed for
Type-Approval Test is conducted. When the sensors of thevaluating the variability in reference-value tire loads mea-
Type Il WIM system are installed in the main highway lanes, sured by certified wheel-load weighers, axle-load scales, a
the Type-Approval Test procedure shall be basically the samgulti-platform vehicle scale, or a combination thereof, as well
as described herein except that the deceleration testing dgs the performance of the WIM-system in either measuring the
scribed in 7.3.6.1 will not be conducted. The Type Ill systemtjre loads of a vehicle stopped on the WIM-system sensors or
shall accommodate the same speed criteria as a Type | systegstimating the tire loads and dimensions of a static vehicle
and the tolerances for 95 % probability of conformity shown infrom measurements made with the vehicle moving at a steady
Table 2 for load and weight values for a Type Ill system shallspeed of 10 mph (16 km/h) or less. Reference-value tire loads
be satisfied. shall be measured by a multi-platform vehicle scale or an

7.3.2 Significance and UselInterpretation of the results axle-load scale (see 7.1.1) when Option 2, exempting the Type
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IV WIM system from producing wheel-load information, (see Approval Test for Type IV WIM systems shall be the same as
4.1.4) has been specified for the Type IV WIM system undedescribed in 7.2.6 with the following exceptions:

test. When this option has not been specified, wheel-load 7.4.6.1 In 7.2.6.2, also ensure that an axle-load scale or a
values are required, and reference-value tire loads shall beulti-platform vehicle scale is available at or near the site,
measured by placing wheel-load weighers directly on the 7.4.6.2 In7.5.5.3, 7.2.6.5 and 7.2.6.10, the respective mini-
load-receiving surface of the multi-platform vehicle scale ormum, intermediate, and maximum speeds of the test vehicles
the axle-load scale and raising all tire-pavement contacéhall be 2, 6, 8, and 10 mph (3, 10, 13, and 16 km/h),
surfaces approximately into the same plane as described in7.4.6.3 In 7.2.6.9, calculate the difference in each load or
7.1.2. The sum of the tire-load values from the wheel-loadyeight from the arithmetic mean and compare the difference to
weighers should compare, within applicable tolerances, witthne-half the applicable tolerance for a Type IV WIM system
the corresponding value from the scale upon which they ar@hown in Table 2.

placed; then, the wheel-load-weigher indications should be 7 4 6 4 After 7.2.6.8, if continuation is approved, verify the

used only to apportion the axle load indicated by the scalgyjjity of the WIM system to detect excessive acceleration by
between the wheels on the axle. Alternatively, an axle-loaghaying the driver of each loaded test vehicle approach the
scale or a multi-platform vehicle scale that has approaches arW/lM-system sensors at a speed between 8 and 10 mph (12 and
aprons adjacent to the load-receiving platform(s) that cang km/h) and apply heavy braking for approximgt&ls while
support the tire-pavement contact surfaces of all tires on thge yenhicle is passing over the sensor array. Excessive negative
vehicle being weighed as described in 7.1.2 may be used tgcceleration (deceleration) should be indicated by the Violation
weigh wheel loads on one end of an axle by positioning thezoqe DE (see Table 4). Compare the WIM-system estimates of
wheel(s) on the other end of the axle on the adjacent aprofiyads and weights for these runs with those for steady-speed
When this alternative technique is used, the wheel loads of,ns and include these comparisons in the data reported to
both ends of the axle shall be determined, and then used onlysTM Committee E17 on Vehicle-Pavement Systems. Pro-
to apportion the measured axle load between the wheels qipeq with 7.2.6.9.
each end of the axle. 7.4.6.5 In 7.2.7.2, calculate the differences in WIM-
7.4.2 Significance and Uselnterpretation of the results estimated load and weight values from their respective refer-
from the Type-Approval Test will allow the user to determine ence values and express the differences in pounds (kilograms),
whether the tested Type IV WIM system is capable of meetingather than percent..
or exceeding the performance requirements stated in Section 5.7 4 7 calculation—See 7.2.7 except as described in 7.4.6.5.
This can also indicate the potential upper limit of performance 5 4 g Interpretation of Test Results and Repe$ee 7.2.8.
that can be achieved by the particular type of system as the test7_4_9 Precision and Bias-The precision and bias of the

conditions at the weight-enforcement site shall be the beié : PR
) . rocedure and calculations in this Type-Approval Test for the
available for conducting the Type-Approval Test and shall, a ype IV WIM system are being determined.

a mlnlmum, satisfy the user requwerpents shown in Section 6. 7.5 Calibration Procedure for Type I, Type II, and Type Ill
7.4.3 Site for Type-Approval TestEither an axle-load scale Systems
or a multi-platform vehicle scale is required at the site. Other

. ; . ... 7.5.1 Scope—A procedure is given for on-site calibration of
site requirements are the same as 7.2.3. Neither the longitudijz -
nal profile nor the cross slope shall exceed 1 %. dfype |, Type II, and Type Ill WIM systems. This procedure

) ) shall be conducted by the user with cooperation of the vendor,
7.4.4 Test Unit for Type-Approval Test LoadingSee 7.3.4. ¢ py their authorized representatives as a fundamental part of
7.4.5 Calibration—Within seven days prior to beginning every Type-Approval Test and is recommended for inclusion in

the Type-Approval Test, every Type IV system that usesevery On-site Acceptance Test (see 7.6). It requires that two

tire-force sensors (see 5.13) that support the entire tire-contagiaded, pre-weighed and measured (see 7.1.3) test vehicles
area(s) of all tires on a wheel assembly simultaneously shalkach make multiple runs over the WIM-system sensors in each
when subjected to field standard test weights (see 5.13.1), igne at specified speeds.

adjusted to meet the acceptance tolerance for wheel-load 7,52 Significance and Use of CalibratieaThe tire-force

weighers or for portable axle-load weighers as stateNIBT  sensors of a WIM system are typically designed to produce a

Handbook 441), depending upon whether wheel-load data orsignal, with respect to time, that is linearly proportional to the

only axle-load data (4.1.4, Option 2) are of interest. Type IVmagnitude of the component of dynamic tire force applied

systems that use tire-force sensors that support only part of thgerpendicularly to the road surface by the tires of a moving
tire-contact area(s) at one time during dynamic tire-forceyehicle. The function of calibration is to define factors, that
measurements shall be calibrated within this same time periogill be subsequently applied within WIM-system calculations
as described in 7.5, except the speeds (see 7.5.5.3) shall bex2correlate the observed vehicle speed and tire-force signals
and 10 mph (3 and 16 km/h) (see 4.1.4). All weighingwith the corresponding tire-load and axle-spacing values for

apparatus used in the Type-Approval Test for determininghe static vehicle. The dynamic tire force results from a

reference-value tire loads shall be certified as meeting th@omp|ex interaction among the vehicle Components' the WIM-

applicable maintenance tolerance specifieli8T Handbook system sensors, the road surface surrounding the sensors, and

44 (1) within 30 days prior to beginning the Type-Approval other factors. Road-surface profiles and sensor installation are

Test. different at every WIM site, and every vehicle has unique tire,
7.4.6 Procedure—The procedure for conducting the Type- suspension, mass, and speed characteristics. Therefore, it is
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necessary to recognize the effects of these site-specific, speezhutions, have each test vehicle (see 7.5.3) make a series of
specific, and vehicle-specific influences on WIM-system perthree or more runs over the WIM-system sensors at the
formance and attempt to compensate for their adverse effects asnimum and at the maximum speed specified by the user who
much as is practicable via on-site calibration. The calibratioris conducting the test between 10 and 80 mph (16 and 130
procedure shall be applied immediately after the initial instalkm/h) for Type I, Type Il, and Type Ill systems. The maximum
lation of a Type | or Type I, or Type Ill WIM system at every specified speed shall be less than the legal speed limit at the
site. It shall be applied again when a system is reinstalled osite. These two speeds should differ by at least 20 mph (30
whenever site conditions or WIM-system components (includkm/h) and should be above and below the average speed of
ing software and settings) have changed significantly. Recalivehicles operating at the site. Then, have each test truck pass
bration shall be performed no less frequently than annually. over the sensors three or more times at an intermediate speed

7.5.3 Test Unit for Calibration Loading-The test unit for  that is representative of the prevailing speed of truck traffic at
calibration loading shall comprise two loaded, pre-weighedthe site. At each speed, one or more runs shall be made with the
and measured test vehicles that will make multiple runs ovetest vehicle tires near the left-hand lane edge, and one or more
the WIM-system sensors in each lane at prescribed speeds. Onas with the test vehicle tires near the right-hand lane edge.
of the loaded test vehicles shall be Class 05 and the other Clagfe other runs shall be made with the test vehicle approxi-
09 (see Table 3). These test vehicles shall have a suspensiorately centered in the lane. Record all data, and note the
type (leaf spring, air, other) that is deemed by the user to bgehicle record number for every run of each test vehicle.

representative of most vehicles of their type operating at the 7554 Calculate the difference in the WIM-system estimate

site. They shall be loaded to at least 90 % of their respectivend the respective reference value for the two test vehicles for
registered gross-vehicle weight with a non-shifting, each speed, wheel-load, axle-load, tandem-axle load, gross-
approximately-symmetric (side-to-side) load and shall be insehicle-weight, and axle-spacing value, express the difference
excellent mechanical condition. Special care shall be exercisqﬁ percent (See 727), and find a mean value for the differences
to ensure that the tires on the test vehicles are in excellengr each set of values.

condition (preferably dynamically balanced) and inflated to 7 5 5 5 pMake the necessary changes, according to the ven-

recommended pressures. Reference-value weighing and megses recommendations, to the WIM-system settings that will
surement of the two test vehicles shall be in accordance Wltgdjust the mean value of the respective differences for each
7.1.3. value to equal approximately zero. For WIM systems that
7.5.4 Site Conditions-Before initial calibration begins, the gstimate wheel load (Type | and perhaps other types), the
existing site conditions (see 6.1) in each lane where WIM-djustment will be to wheel-load estimates on each side of the
system sensors are installed shall be described quantitativelyhicles, separately. For systems that estimate axle loads only,
and made a matter of permanent record for future referencge adjustment will be for axle loads. Some WIM systems
(see 6.1.5 for surface smoothness measurement). Estimatesgiow calibration factors to be defined and applied for selected
the location and magnitude of each observed pavement surfaggeels, axles, or axle groups in relation to their respective
deviation greater than the 0.125 in. (3 mm) measured beneaf§cation on the vehicle or combination; this is a feature that can
the straightedge with the circular plate should be documentegyotentially improve WIM-system tire-load estimates. It is also
Record the time and the approximate ambient air temperatulignportant for the WIM system to include a feature that invokes
at the beginning, during, and at the end of the calibrationhe proper set of calibration factors for use in estimating load,
process. After initial calibration, alternative means of measuryeight, and axle spacing values when the observed vehicle is
ing the surface smoothness of the paved roadway 200 ft (60 Minning at a particular, measured speed. These factors can be
in advance of and 100 ft (30 m) beyond the WIM-systemgerived from the measurements made when the two test
sensors may be used to avoid closing the traffic lane. Data frofehicles each made three or more runs at three different speeds.
suitable inertial profiling instruments analyzed via computergyery vehicle interacts with the road surface differently at
simulation of the 20-ft (6-m) straightedge and circular plate isqifferent speeds, but about the same at the same speed.
suggested as a possible alternative measurement techniqueAdjustment to the speed setting will probably affect axle-
7.5.5 Procedure—The following steps are involved in the spacing estimates.

on-site calibration process for each instrumented lane: 7.6 On-Site Acceptance Test for Type I, Type Il, and Type llI
7.5.5.1 Adjust all WIM-system settings to vendor’'s recom-WIM Systems

mendations or to a best estimate of the proper setting based; g 1 Scope—This test method provides the WIM-system
upon previous experience. user with a practicable means for determining whether or not a
7.5.5.2 With a calibrated radar speed meter or by some othefew or modified Type I, Type Il, or Type Il system that has
means (such as wheelbase/time) that is acceptable to both theen installed at a particular site meets or exceeds specified
user (or a recognized representative of user’s interests) and thgnctional and performance requirements (see Sections 4 and
vendor, measure the speed of each test vehicle every time 5) and defines for the user and the vendor the test method that
passes over the WIM-system sensors. The radar speed meterif| be applied for evaluating the installed WIM system. It also
used, shall be calibrated by the method recommended by it@quires the user to quantify and document the site conditions
vendor within 30 days prior to use. that exist at the site (see 6.1 and 7.5.4) when the test is
7.5.5.3 Using traffic control procedures approved by theconducted. It uses two test vehicles for the test loading unit and
appropriate public authority and other reasonable safety prés an abbreviated form of the more-rigorous Type-Approval
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Test (see 7.2 and 7.3) for these WIM-system types that may bie WIM-system sensors. Record all data, and note the vehicle
used in lieu of a full Type-Approval Test under the circum-record number for every run of each test vehicle. The radar
stances outlined in 6.4.1. speed meter, if used, shall be calibrated by the method
7.6.2 Significance and Useln procuring a new WIM recommended by its vendor within 30 days prior to use.
system or in contracting for a major modification to an existing 7.6.4 Calculation—Make the calculations shown in 7.2.7
system for use at a particular site, the user shall specify (sefer the 20 or more runs (five or more runs at two speeds by two
6.4) an acceptance test method and the schedule of testing thegthicles) of the test vehicles and compare the functions and
will be accomplished prior to final acceptance of the product operformance of the WIM system with all specification require-
service by the user and final payment to the vendor. Thenents, including speed and axle spacing. See Section 4 for
On-site Acceptance Test described here may be referenced famctions and 4.1.3, Section 5, and 6.4.1 for performance
this purpose in the specification. tolerances.
7.6.3 Procedure—The test shall be conducted on-site by the 7.6.5 Interpretation of Test Results and Repe®ll speci-
user or the user’'s authorized representative, in cooperatidited data-collection features, data-processing features, and
with the vendor, immediately after a Type |, Type I, or Type Il options of the system type described in Section 4 shall be
WIM System has been installed or modified. The followingdemonstrated to function properly before the system is ac-
steps are required for each instrumented lane. cepted. If any of these fails to function properly, or if more than
7.6.3.1 Execute the Calibration Procedure as presented B1% of the calculated differences for any applicable data item
7.5 and install the settings defined in 7.5.5.5 on the WIM-resulting from all passes of the two test vehicles exceeded the
system. If agreed upon in advance by both the user and thelerance specified in 4.1.3, Section 5, or 6.4.1 for that item and
vendor, another calibration procedure may be used in lieu ofVIM-system type, declare that the WIM system was dysfunc-
the one presented in 7.5 for conducting the On-site Acceptand@nal or inaccurate and record the fact that it failed the On-Site
Test. Acceptance Test. Regardless of whether the system fails or
7.6.3.2 With the settings agreed upon by both the user angasses the test, tabulate all data used in making the determi-
the vendor installed on the WIM system, have each of the twaation, including the surface conditions, and send the results to
test vehicles (see 7.5.3) make five or more runs over th&ASTM Committee E17 on Vehicle-Pavement Systems within
sensors in each lane at an attempted speed approximately9d days after completion of on-site data collection so that
mph (8 km/h) less than the maximum speed, and then five astatements about bias and precision of the test can be formu-
more additional runs at an attempted speed approximately Bated as experience is accumulated.
mph (8 km/h) greater than the minimum speed, used during 7.6.6 Precision and Bias-This is a new test method that
calibration (see 7.5.5.3). At each speed, one or more runs shafoduces pass-or-fail results. The precision and bias of the
be made with the test vehicle tires near the left-hand lane edgprocedure and calculations in this On-site Acceptance Test for
and one or more runs with the test vehicle tires near th@ype I, Type Il, and Type Il WIM systems are being
right-hand lane edge. The other runs shall be made with the tedetermined.
vehicle approximately centered in the lane. With a calibrated
radar speed meter, or by some other means (such as wheelba8e/Keywords
time) that is acceptable to both the user and the vendor, 8.1 axle load; pavement and bridge; traffic; vehicle; weigh-
measure the speed of each test vehicle every time it passes oweg vehicles; weigh-in-motion; weight enforcement; WIM

ANNEX
(Mandatory Information)

Al. COMPUTATION OF EQUIVALENT SINGLE-AXLE LOADS (ESALs) BY WIM SYSTEMS

Al.1 Load Equivalence Factors and ESALS single-axle load that will have an equivalent effect on pave-

A1.1.1 A numerical factor that defines the number ofMentserviceability as all applications of various axle loads and
applications of a chosen standard axle load and type that f¥Pes by vehicles in a mixed-traffic stream. ESALs are deter-
expected to cause damage to a specified pavement structdpened by summing the calculated LEF for each |nd|v_|dual_axle
equivalent to the damage that will be caused by one pass of & axle set according to axlg load and type on all vehicles in the
axle load and type under consideration is called a Loadneasured or assumed mixed-traffic stream for the defined
Equivalence Factor (LEF). The vehicle records produced bypavement structure.

Type | and Type Il WIM systems (see 4.1.1 and 4.1.2) include A1.1.3 AASHTO Load Equivalence FactersThe load
data for defining axle load (see 3.2.4) and type (front, singleequivalence factors, LEFs, that were derived from statistical
tandem, triple) for each individual axle or axle set (see 3.2.7analysis of data taken during the AASHO (now AASHTO)
3.2.8, 3.2.11). Road Tes{(3, 4) are frequently used for pavement design and

Al.1.2 Equivalent Single Axle Loads (ESALs) are the analysis. For use in thAASHO Interim Guides for Design of
cumulative number of applications of the chosen standaréavement Structures, 1972 and 198ind in subsequent
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AASHTO Guides for Design of Pavement Structures, 1986 and is called the Load Equivalence FactdfzF, ,. This load
1993 (see 2.2), an 18 000-Ib single axle was chosen as thequivalence factor can be calculated by solving the following
standard axle load and type for calculating LEFs for flexibleequations(6)

and rigid pavements. In addition to axle load and axle type, 479 IBis 1
; T () 105¢Pss,
each LEF depends on the structural capacity (structural num- LEF =W = 18+ 0| | @0 (i (AL.4)
‘ . .
ber,SN of a flexible pavement or on the thickneBs,of a rigid a2
pavement, plus the terminal condition that is chosen to define B, = 0.40+ 0.084L; + ™™ (AL.5)
failure of the pavement structure (terminal serviceability, ' (SN+ 1)°*(n*%)
The AASHTO equations for calculating LEFs for both flexible 1094
and rigid pavements are presented in the following sections. Big1= 0.40+ —<§l+ e (A1.6)
Al.2 AASHTO Axle Load Equivalence Factors and where:
ESALs for Flexible Pavements LEF_, = Load Equivalence Factor; the number of
A1.2.1 AASHTO Design EquatiorsThe design equations 18 000-Ib single-axle load applications that will
for flexible pavements presented in tRASHO Interim Guide have an equivalent effect upon pavement ser-
for Design of Pavement Structures, 1972, Appendise@ 2.2), viceability as one application of a lodd on a
are: type n axle for the given flexible pavement

structural numbeBNand terminal serviceability
log W, = 5.93+ 9.36 log(SN+ 1) —4.79 log(L, + L,) + 4.33 logL,

+ G (A1.1) L = Fc;adi on the axle set (type) under consideration,
g . Ib/1000, _
Bzol4o+0-081(Ll+ Ly (AL2) n = axle-type code: 1 for a single axle, 2 for a
(SN+ 1)519,%2® tandem-axle set, or 3 for a triple-axle set,
42-p, (Support for usingh = 3 to calculate LEFs for
G, = log [ms] (A1.3) triple-axle sets is presented RASHTO 1986,
Vol 2, Appendix MMsee 2.2.),
where: G = see (Eq Al.3).
W, = number of axle load applications at the end of time Al1.2.3 Calculation of AASHTO ESALsEquivalent Single
for axles with dual tires, Axle Loads (ESALSs), by AASHTQO’s concept, are the cumu-

gN = Structural number, an index number derived from lative number of applications of an 18 000-Ib single-axle load
analysis of traffic, roadbed soil conditions, drainage, (a common denominator) that will have an equivalent effect on
and regional factor that may be converted to a pavement serviceability of a specified pavement structure as all
thickness of flexible pavement layers through the useapplications of various axle loads and types by vehicles in a
of suitable layer coefficients that are related to the mixed-trafic stream. AASHTO ESALs are determined by
layer thickness and modulus of the material being calculating the LEF for each axle set on all vehicles in a

used in each layer of the pavement structure, measured or assumed mixed-traffic stream according to its axle
L, = load on one single axle, or on one tandem-axle settype (single, tandem, triple) and magnitude of load for a

Ib/1000, defined pavement structure and terminal serviceability, and
L, = axle-type code: 1 for a single axle, 2 for a tandem- symming the LEFs. The LEF calculated for a single axle is

axle set, applicable only to nonsteering axles and to single-tire single

= afunction of design and load variables that influencesayjes on two-axle vehicles loaded to 2000 Ib or less, as the
the shape of the P versus W serviceability curve,  yegression equations developed from analysis of the AASHO

G = a function (the logarithm) of the ratio of 10Ss In  Raaq Test data are based only on such axles. The damaging
serviceability at time to the potential loss taken t0 & gffact of the steering (front) axles, with single tires, on the test
point wherep = 1.5, and . . trucks was not evaluated separately, but instead was incorpo-

. = sericeability at the end of timt terminal service- rated into the effects resulting from the other axles on the test

ability. (Serviceability is the ability of a pavement at trucks, called load axles. The regression coefficients in the

the time of observation to serve high-speed, high'AASHTO design equations are sensitive to the units of

volume automobile and truck traffic.). measurement for load; therefore, AASHTO ESALs must be
Al1.2.2 Calculation of AASHTO LERsThe design equa- gjculated only in U.S. customary units.

tion (Eq Al.1) for flexible pavements can be arranged into a
ratio format and solved to calculate a load equivalence factom1.3 AASHTO Axle Load Equivalence Factors and
The number of applications of an 18 000-Ib single-axle load ESALs for Rigid Pavements

W,,, that is expected to cause an equivalent change in a1 31 AASHTO Design EquationsThe design equations
serviceability to a flexible pavement with the same structuraj, rigid pavements presented in tAASHO Interim Guide for

numberSNand terminal serviceabilitp, as one application  Design of Pavement Structures, 1972, Appendix D, Revised
W,,, = 1 of an axle load under consideratibpand axle type = 1981(see 2.2), are:
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logW, = 5.85+ 7.35log(D + 1) —4.62 log(L; + L,) + 3.28 logL, 3.63L; + n)>%
) BLn=10+ RS (A1.11)
+ 3 (AL.7) (D +1)*™(n
1.620x 10
3.63L, + Ly)*% Big =10+ —pr (A1.12)
B=10+ W‘-“GEW (AL.8) 181 (D + 1)%%
-p where:
= log [4 5= 15} (AL9)  LEF_, = Load Equivalence Factor; the number of
' 18 000-Ib single-axle load applications that will
whe_re: ) o ) have an equivalent effect upon pavement ser-
D = thickness of rigid pavement slab, in. viceability as one application of a lodd on a
All other terms in these equations are as defined in A1.2.1. type n axle for the given rigid pavement slab
A1.3.2 Calculation of AASHTO LEFsThe design equa- thicknessD and terminal serviceabilitp,,

tion (Eq A1.7) for rigid pavements can be arranged into a ratioD thickness of rigid pavement slab, in. _
format and solved to calculate a load equivalence factor. Thée-i loadi on the axle set (type) under consideration,
number of applications of an 18 000-Ib single-axle la&g , Ib/1000, _

that is expected to cause an equivalent change in serviceabilit} axle-type code: 1 for a single axle, 2 for a
to a rigid pavement with the same slab thicknésand tandem-axle set, or 3 for a triple-axle set,
terminal serviceability, as one applicatiow; =1 of an axle (Support for usingn =3 to calculate LEFs for
load under considerationy and axle typen is “Called the Load triple-axle sets is presented MASHTO 1986,
Equivalence Factol,EF,_,. This load equivalence factor can Vol 2, Appendix MNsee 2.2.),

be calculated by solving the following equatiol§) t = see (EqAL9).

o W, Wi+ e 1058 A1.3.3 Calculation of AASHTO ESALsSee A1.2.3.
L,n— Wth - (18 + 1)4.62 (10(3‘/[3_.@ (na.za)

10)
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