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General Pavement Deflection Measurements
This standard is issued under the fixed designation D 4695; 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 epsilonef indicates an editorial change since the last revision or reapproval.
1. Scope 2.2 AASHTO Standard:

1.1 This guide provides procedural information for measur- 1256—Standard Method of Test for Pavement Deflection

ing pavement surface deflections, directly under, or at locations __Measurements _ _
radially outward (offset) from a known static, steady-state, or PDDX —Pavement Deflection Data Exchange—Technical
impulse load. Deflections are measured with sensors that Data Guide, Version 1.0, April 1998

monitor the vertical movement of a pavement surface due t%
the load. This guide describes procedures for the deflection’ L . )
measurement using various deflection testing devices and 3-1 Definitions of Terms Specific to This Standard:

provides the general information that should be obtained 3:1.1 deflection basinn—The bowl shape of the deformed
regardless of the type of testing device used. pavement surface due to a specified load as depicted from the

1.2 This Guide is applicable for deflection measurement®€ak measurements of a series of deflection sensors placed at

performed on flexible asphalt concrete (AC), rigid portlandradial offsets from the center of the load plate.

cement concrete (PCC), or composite (AC/PCC) pavements. 3.1.2 defleptlon ba§|n testi—A test with deflection sensors

Rigid pavements may be plain, jointed, jointed reinforced, olaced at various radial offsets from the center of the Iqad platg.

continuously reinforced concrete. The test is used to record the shape of the deflection basin
1.3 The values stated in S| units are to be regarded d€sulting from an applied load. Information from this test can

standard. Inch-pound units given in parentheses are for infoR2€ used to estimate material properties for a given pavement

mation purposes only. structure. _ . .
1.4 This standard may involve hazardous materials, opera- 3-1.3 deflection senspm—Electronic device(s) capable of

tions, and equipment. This standard does not purport tgneasuring the relative vertical movement of a pavement
address all of the safety concerns, if any, associated with jt§Urface and mounted in such a manner as to minimize angular
use. It is the responsibility of the user of this standard tofotation with respect to its measuring plane at the expected
establish appropriate safety and health practices and determovement. Such devices may include seismometers, velocity

mine the applicability of regulatory limitations prior to use. transducers, or accelerometers. _
3.1.4 load cell —Capable of accurately measuring the
2. Referenced Documents load that is applied perpendicular to load plate and placed in a

2.1 ASTM Standards2 position to minimize the mass between the load cell and the

D 4602 Nondestructive Testing of Pavements Using CyclicPavement. The load cell shall be positioned in such a way that
Loading Dynamic Deflection Equipment it does not restrict the ability to obtain deflection measurements

D 4694 Deflections With a Falling-Weight-Type Impulse under the center of the load plate. The load cell shall be water
Load Device resistant, and shall be resistant to mechanical shocks from road

D 5858 Guide for Calculating In Situ Equivalent Elastic impacts during testing or traveling. R
Theory load over the pavement surface. load plates may be circular in
shape (or rectangular in some cases), one piece or segmented,
for measurements on conventional roads and airfields or
* This guide is under the jurisdiction of Committee D04 on Road and PavingSimilar stiff pavements. The plate shall be suitably constructed
'\D"a“t*”a'ts_ a';d > the; F‘j”e“ fetSPSC:”S"tJ'“tY of Subcommittee D04.39 on Non-tg gllow pavement surface deflection measurements at the
estructive Testing of Pavement Structures.
Current edition approved Dec. 1, 2003. Published January 2004. Originall)f:enter of the plate'
approved in 1987. Last previous edition approved in 1996 as D 4695 — 96.
2 For referenced ASTM standards, visit the ASTM website, www.astm.org, or
contact ASTM Customer Service at service@astm.org.Afotual Book of ASTM
Standards/olume information, refer to the standard’s Document Summary page on 2 Available from the American Association of State Highway and Transportation
the ASTM website. Officials, 444 N. Capitol St., NW, Washington, DC 20001.

Terminology
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3.1.6 load transfer testn—A test, usually on PCC pave- mum pavement surface deflection with a resolution of 0.025
ment, with deflection sensors on both sides of a break or jointnm (0.001 in.) or better. The vehicle used to impart the wheel
in the pavement. The test is used to determine the ability of thevad to the pavement shall be a truck capable of carrying a
pavement to transfer load from one side of the break to theninimum 80 kN (18,000 Ibf) test load on a single rear axle.
other. Also, the load-deflection data can be used to predict th€he loading configuration, including axle loads, tire sizes, and

existence of voids under the pavement. inflation pressures, can be obtained using the manufacturer’s
3.1.7 test location n—The point at which the center of the specification; however, this information must be clearly indi-
applied load or loads are located. cated in the engineering report.
] o 6.2.2 Semicontinuous Static Deviée,that operates on a
4. Summary of Guide and Limitations double lever-arm principle. The vehicle used to carry this

4.1 This guide consists of standards for measuring pavedevice shall be a truck carrying a 130 kN (29,000 Ibf) single
ment surface deflections directly under and/or at appropriataxle test load. The loading configuration including axle loads,
offset locations from the load center. Each nondestructivéire sizes, and inflation pressures can be obtained using the
testing (NDT) device is operated according to the standardnanufacturer’s specification; however, this information must
operating procedure applicable to the device. be clearly indicated in the engineering report. The test vehicle

4.2 This guide includes general descriptions of the varioushall be equipped with a double lever arm with probes, the
types of static and semicontinuous deflection testing devicegieometry and size of which makes it possible to measure the
and procedures for deflection measurement corresponding toaximum pavement surface deflection in both wheel paths
each testing device. with a resolution of 0.025 mm (0.001 in.) or better. The

4.3 The collection of general information described in thisextension of each lever arm holding the probe shall depress an
guide, such as test setup, ambient temperature, pavemegiectronic sensor, which may be of any type provided the
temperature, equipment calibration, number of tests, and tesensor delivers an analog or digital signal. The digital signal

locations, pertain to all devices. shall be correlated with the movement of this extension and,
o therefore, with the deflection of the pavement surface under the
5. Significance and Use effect of the moving test load. The truck shall be able to lift and

5.1 NDT measurement of pavement surface deflectionmove the probes from one measurement point to the next,
provides information that can be used for the structuralower them onto the pavement surface, and make another set of
evaluation of new or in-service pavements. These deflectiomeasurements in a fully automated process at a constant
measurements may be used to determine the following paverehicle speed.

ment characteristics: 6.2.3 Steady State Dynamic Devitethat uses a dynamic
5.1.1 Modulus of each layer. force generator to produce a dynamic load. The force generator
5.1.2 Overall stiffness of the pavement system. may use, for example, a counter rotating mass or a servo-
5.1.3 Load transfer efficiency of PCC pavement joints.  controlled hydraulic actuator to produce the dynamic load. The
5.1.4 Modulus of subgrade reaction. device that uses a counter rotating mass operates at a fixed
5.1.5 Effective thickness, structural number, or soil supporfrequency to produce a dynamic load under a static weight

value. applied through a pair of rigid steel wheels. Both loading
5.1.6 Bearing capacity or load carrying capacity of a pavefrequency and the magnitude of the dynamic loads may be

ment. varied by the operator of the devices that use a servo-controlled

5.2 These parameters may be used for the analysis argdraulic actuator. Depending on the model, normal operating
design of reconstructed and rehabilitated flexible and rigidrequencies range from 8 to 60 Hz and maximum dynamic
pavements, pavement structural adequacy assessment inclddrces range from 2.2 to 35.5 kN (500 to 8000 Ibf) applied
ing joint efficiency of PCC pavement, void detection in PCCthrough a single circular or dual rectangular plate, or dual steel
pavement, research and/or network structural inventory pumheels such as those used on the standard Dynaflect device. A

poses. steady-state loading device may be mounted in a van, on the
front of a vehicle, or on a trailer. Deflection measurement
6. Apparatus devices should have five or more sensors to satisfactorily

6.1 The apparatus used in this Guide shall be one of theneasure the deflection basin with a resolution of 0.002 mm
deflection measuring devices described in subsection 6.2 ar{8.0001 in.) or better.
shall consist of some type of probe or surface contact sensor(s)6.2.4 Impulse Devicé€, that creates an impulse load on the
to measure vertical pavement movements or deformationgavement by dropping a mass from a variable height onto a
when subjected to a given load. rubber or spring buffer system. Generically known as a Falling
6.2 Deflection Measuring Devices Weight Deflectometer (FWD), the force generating device shall
6.2.1 Noncontinuous Static Devide, that operates on a be capable of being raised to one or more predetermined
single lever-arm principle. This device shall have a minimum
2.5 m (8.2 ft.) long probe, and the extension of the probe shat———

depress a dial gage or electronic sensor that measures maxi- An example of this instrument s the Lacroix Decflectograph. _
Examples of this instrument are the Geolog Dynaflect and the Foundation
Mechanics Road Rater.
7 Examples of this instrument are the Dynatest Falling Weight Deflectometer
4 An example of this instrument is the Soiltest Benkelman Beam. (FWD), the KUAB 2m-FWD, the Carl Bro FWD, and the Jils FWD.
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TABLE 1 Load Cell Frequency of Calibration

Device Type Frequency of Calibration

Noncontinuous and Semicontinuous Prior to testing

Static Loading Types

Steady-State Loading Types At least once a year using the manufacturer’s

(see 7.2.2 for devices instructions on using the procedure in

that do not have a load cell) Appendix A of SHRP Report SHRP-P-661

Impulse Loading Types At least once a year using the procedure in Appendix A of
(Falling Weight Deflectometer) SHRP Report SHRP-P-661

TABLE 2 Deflection Sensor Frequency of Calibration

Device Type Frequency of Calibration Minimum Frquency of Calibration Check

Noncontinuous and Semicontinuous Daily during operation Daily during operation

Static Loading Types

Steady-State Loading Types At least once a year Once a month during operation

Impulse Loading Types Reference calibration at least once a year using Relative calibration once a month during operation using
(Falling Weight Deflectometer) the procedure in Appendix A of SHRP Report SHRP-P-661  the procedure in Appendix A of SHRP Report SHRP-P-661

heights and dropped. The resulting force, transmitted to th&on of the deflection sensors should be checked at least once a
pavement through a circular load plate, shall not vary betweemonth during production testing except noncontinuous and
repetitive drops by more thart 3%. The force pulse shall semicontinuous loading devices (see Table 2).

approximate the shape of a haversine or half-sine wave and a7.3.2 Noncontinuous and Semicontinuous Static Loading
peak force in the range of 7 to 105 kN (1,500 to 24,000 Ibf)Devices—Static loading devices should be calibrated daily
shall be achievable. The impulse loading device shall measungith feeler gages. When performing deflection sensor calibra-
pavement surface deflections using seven or more sensors wiibn, induced deflections should be similar in magnitude to the

a resolution of 0.002 mm (0.0001 in.) or better. deflections encountered during normal testing.
o ) . ] 7.3.3 Steady-State Loading Deviee#\ routine calibration
7. Calibration of Deflection Measuring Devices check of the deflection sensors shall be conducted once a

7.1 The deflection sensor(s) and load cell (if applicable) ofmonth. If significant differences are noted for a sensor, it shall
the deflection device should be calibrated to ensure that able returned to the manufacturer for check or calibration under
readings are accurate within specified limits. For devices wherstandard calibration oscillatory vibrations. Deflection sensors
the load is assumed to be constant and is not measured, thball be calibrated annually.
accuracy of the magnitude of load imparted should be checked 7.3.4 Impulse Loading DevicesReference deflection sen-
periodically using the manufacturer's recommended calibrasor calibration should be carried out in accordance with the
tion procedure. SHRP Protocol (see Appendix A of SHRP Report SHRP-P-661

7.2 Load Cell for impulse loading devices). A relative calibration check

7.2.1 General—The procedure for calibrating the load cell should be conducted once a month using the SHRP Protocol
(if the device uses a load cell) is dependent upon the type dsee Appendix A of SHRP Report SHRP-P-661).
device used. The calibration of load cell may be checked 7.4 Temperature Sensars
informally by observing the load cell readings and comparing Pavement temperature sensor calibration should be carried
them against expected readings based on experience or shumi using a calibrated reference thermometer and two reference
calibration values in the case of Falling Weight Deflectometesurfaces such as a “cool” and “hot” surface. Air temperature
or the Road Rater. Load cell reference (or absolute) calibratioaensor (if equipped) calibration should be carried out using two
shall be performed at least once a year except the noncontinteference temperatures, for example, carefully monitored ice
ous and semicontinuous loading devices (see Table 1). water (0°C) and hot water (60°C). Calibration of temperature

7.2.2 Noncontinuous and Semicontinuous Static Loadingsensors should be carried out at least once a year.
Devices—Immediately prior to testing, weigh the axle load of ) . ]
the truck if the ballast consists of a material that can absorl§- Field Data Collection and Testing Procedures
moisture (sand or gravel, and so forth) or could have changed 8.1 General—The procedure to be followed is, to some
for any reason. Trucks with steel or concrete block loads onlextent, dependent upon which type of device is used. The
need to be weighed if the loads are changed or could havellowing general information is suggested as the minimum
shifted. data that needs to be collected, regardless of the type of device

7.2.3 Impulse Loading Deviece-Reference load cell calibra- used.
tion should be carried out at least once per year. Appendix A of 8.1.1 Load—For impulse loading devices, record the peak
SHRP Report SHRP-P-661 contains an example outline foload applied to the pavement surface by the deflection device.
such a task. For steady-state loading devices, record the peak-to-peak load

7.3 Deflection Sensors and load configuration. For static loading devices, record the

7.3.1 General—The procedure for calibrating the deflection axle load, tire pressure, type and size, and the load configura-
sensors is dependent upon the type of apparatus used. Calibten (dual spacing) of the test vehicle.
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8.1.2 Load Frequency- If applicable, record the frequency loading devices capable of variable loads and frequencies can
of calculated oscillatory load for vibratory loading devices. be used to conduct “frequency sweeps” (multiple tests at
various frequencies, at the same test location and load).
fmpulse loading devices are typically capable of applying

. various loads; some devices can control the shape and duration
8.1.3 Geometry of Loaded Area and Deflection Sensor P

L . = deli f th of the load pulse. Joint efficiency measurements on jointed
ocations—or proper modeling of the pavement structurepc pavements can be carried out with devices equipped with
and/or backcalculation of layer parameters, etc., it is necessal

hat the | ) f the load. deflect multiple deflection sensors, by placing the load on one side of
that the locations of the load, deflection sensors, pavemeny,q joint and positioning one or more sensors on each side of

;urfacg ﬁralcks, _andfPCCkJoth are kt;lown ant;l] rlecoc;de fﬂe joint. Using a Benkelman Beam device, load transfer
ecord the location of cracks and Joints between the load ang,q ,q;rements can be conducted by using two devices, one on

each sensor withi2 m (6.5 ft.) from the center of the load Iﬁ)ach side of the joint as the loaded truck axle slowly crosses the

Note 1—For some devices, the manufacturer generally presets th
cyclic loading frequency at a default value of 8 Hz.

toward the sensors. Record the location and orientation of a
sensors as measured radially outward from the center of the
load, for example, “300 mm (11.8 in.) ahead of the applied

}gﬁg‘ egcg?]cc(;rd;nfsa\éwtt?a?;esreIfhcete%;?f(}g;ogngf g;’ﬁg’c%%rﬂection testing should be those furnished by the manufacturer
. f the device, as supplemented to reflect the general guidelines
sensor(s) should be properly configured and noted, for examp%rovided in this stapnpdard The following ste%s shallgbe per-
tests may be conducted with one or more sensors on each si e ned imespective of the. device used
f the joint, with the | I itioned immediatel ) . ) .
gdjzticinltototthe tleat/ee (d%?&jns?r:gem)pzisdteootfadthe joiﬁ?. a(t)?r?er 8'4'1'1 Calibrate tl'_1e deflecu_o n sensor(s) and Ipad cell (.'f
configurations may also be used. Failure to note the presence Ppltllcabl7e) of the device, following the procedure discussed in
joints and cracks within the zone of influence of the load coul ection 7. _ .
result in errors in the subsequent analysis of the recordeg 8.4.1.2 Transport the device to the test location over the

deflections. Similarly, failure to properly note the actual d€Siréd test point. _ ,
position of the deflection sensors could result in serious 8-4-1.3 Measure the ambient air temperature and pavement

8.4 Procedure for Deflection Measurements
8.4.1 General—Procedures for conducting the specific de-

analysis errors. temperatures in accordance with the guidelines in 8.1.6.
8.1.4 Time of Test-Record the time for each measurement 8-4.1.4 Record the following information for each pavement
location. tested: project location, operator name, date and time, calibra-

8.1.5 Stationing or Chainage-Record the station number tion factors, the beginning and ending station or physical
or location of the test point for each deflection test conductedocation such as the “Jct. IH 635 and Beltline Road,” location
8.1.6 Air and Pavement Temperature\t a minimum, of cut and fill, culvert locations, bridges and other vertical
record the ambient air temperature and pavement surfacgontrol feature_s_, and the limits and extent of surface distresses,
temperature at specified intervals as recommended by tHeather conditions, and a description of the pavement type.
engineer. Additional temperatures may be required for specific 8.4.1.5 The test location shall be free from all rocks and
post-processing methods. For example, pavement layer terfi€bris to ensure that the load plate (if applicable) will be
peratures may be determined by drilling holes to one or mor@roperly seated. Gravel or soil surfaces shall be as smooth as
depths within the pavement layer and filling the bottom ofPossible and all loose material shall be avoided or removed.
these holes with 10 to 15 mn¥{to % in.) of a fluid that has ~ 8.4.2 Noncontinuous Static Loading Device
a low evaporation rate (to prevent cooling), such as glycerin or 8.4.2.1 Position the beam between the tires so that the probe
an oil-based product, and recording the temperature at this 1.37 m (4.5 ft.) forward of and perpendicular to the rear axle.
bottom of each hole after the temperature in the fluid had\Note whether the right- or left-hand set of dual tires is used (or
stabilized. If testing is conducted over an extended period ofoth in the case of two beams).
time, take temperature measurements of the fluid every hour to 8.4.2.2 Adjust the dial gage to read 0.000 mm (0.000 in.) or
establish a direct correlation between the air, pavement surfaceote the reading prior to starting the test sequence.
and/or at-depth temperature measurements. If this is not 8.4.2.3 Drive the test vehicle approximated m (25 ft.)
possible, some procedufeslso exist for estimating the pave- forward at creep speed and record the maximum dial reading
ment temperature as a function of depth using the high and loyDm) with a resolution of 0.025 mm (0.001 in.) or better.
air temperatures for the previous 24-hour day and the current 8.4.2.4 After the dial needle has stabilized, record the final
pavement surface temperature. dial reading (Df) with a resolution of 0.025 mm (0.001 in.) or
8.2 Testing Interval-The spacing or interval of field test petter.
locations is dependent upon the testing level selected, asg 4.2.5 Calculate the surface deflection using the manufac-
discussed in Section 9 of this standard. turer's recommended formula, which is based on the configu-
8.3 Testing Methoe-Depending on the type of apparatus ration of the pivot on the beam.
used, different testing methods can be used. Steady-stateg4.2.6 Repeat this process at the measurement intervals
specified in Section 9. Normally, both wheel tracks are
measured using two instruments. However, when testing with
8 Federal Highway Administration: “Temperature Predictions and Adjustmentonly one instrument, the teSting can be either be in the outer
Factors for Asphalt Pavements,” Report No. FHWA-RD-98-085. wheel track (usually most critical), or it can be alternated



A8y D 4695 - 03
“afl

between wheel tracks, for example by obtaining two measure- 8.4.5.3 Select the appropriate data file format. Several file
ments in the outer wheel track for every one measurement iformats are available, for example, U.S. Customary units, SI
the inner wheel track throughout the test section. units, and other options.
8.4.2.7 Report the individual measurements, along with the 8.4.5.4 Lower the load plate and sensors to ensure that they
average (mean) deflection for each wheel track and thare resting on a firm and stable surface.
standard deviation of these measurements, for each uniform 8.4.5.5 Raise the force generator to the desired height and
test section. drop the “weight.” Perform one or more test drop(s) at any load
8.4.3 Semicontinuous Static Loading Device level. One or more “seating” drops may also be used; however
8.4.3.1 Obtain pavement surface deflection measurementscord the data from the seating drops, which can subsequently
for both wheel tracks as specified in Section 9 on a continuoube used in the analysis to ascertain the amount of “condition-
chart. ing” the pavement itself experiences, if any. Record the peak
8.4.3.2 Read the deflection measurements from the deflesurface deflections and peak load (noting the seating drops), or
tion traces with a resolution of 0.025 mm (0.001 in.) or betterrecord the full load response and deflection-time history, as
and tabulate using deflection data sheets along with angecommended by the engineer.
accompanying notes. 8.4.5.6 To allow the engineer to determine the nonlinearity
8.4.3.3 For each uniform test section, calculate the averagef the pavement system, testing at multiple load levels can be
(mean) deflection measurements for both wheel tracks, ancarried out. The analyst may use basin averaging if random
report these data along with the tabulated data and accomperror is of sufficient concern.
nying notes from 8.4.3.2. . .
8.4.4 Steady-State Loading Device 9. Location and Sampling Frequency

8.4.4.1 Set up the software for data collection if the device 9.1 The test location will vary with the intended application
is so equipped. of the data. For the most part, the common approach is to test
8.4.4.2 Record the information that identifies the exactorimarily in wheel paths, since the pavement response at these
configuration of the deflection device at the time of testing. Thdocations to some extent reflects the effect of damage that has
device configuration data usually includes number and spacingeen accumulated. Deflection testing between wheel paths on
of deflection sensors and orientation of the deflection sensor&C pavement may be performed to compare testing in the
8.4.4.3 Locate the device such that the center of load is a¥heel paths to indicate differences that may be present, for
the selected test location and the sensor bar is parallel to tfxample due to wheel path cracking.

direction of travel (or across the joint for longitudinal or 9.2 Network Level Testing-This testing level provides for a
skewed joints). general overview of a pavement’s bearing capacity with
i o ) i limited testing. Deflection testing is typically performed at 100
Note 2—When testing longitudinal joints with a steady-state device, am to 500 m (or 250 ft. to 1,000 ft.) intervals, depending on the
sensor can be mounted transversely to the load plate. o .
specific pavement conditions and the length of the pavement
8.4.4.4 Lower the sensor bar to position the sensors and theection. A minimum of 7 tests per uniform pavement section is
load plate (or plates), or loading wheels. Initiate force generarecommended to ensure a statistically significant sample. At a
tion until stability is reached at the selected loading frequencyninimum, the load for asphalt concrete (AC) and continuously
and load magnitude. reinforced concrete pavements (CRCP) should be positioned
Note 3—When using a steady-state device, the first few vibrations arealong the outer Whe?' 'path, or alternatively along the centerline
unstable in terms of output because the sensors may not have fuIQf CRCF_) slabs. For. J_O'nted concrete pavements (JCP), the load
responded to the selected output frequency. Should first be positioned at the geometric center of the slab.

, For network level testing, at least 10 % of the slabs covered
8.4.4.5 Record the frequency and magnitude of the peak-1Qsq14 pe tested at the joints as well, for deflection or load

peak steady-state load. transfer efficiency.
8.4.4.6 Record the static preload, as this will influence the g 3 eneral Project Level TestirgThis testing level pro-
magnitude of the deflection. _ vides for a more detailed analysis of the pavement, for example
8.4.4.7 Read and record the measured deflections for €a¢; e purpose of overlay or rehabilitation design. Testing
of the sensors, either manually on data sheets or directly if datg, 14 be performed at 50 m to 200 m (or 100 ft. to 500 ft.)

recording is automated. _ intervals, depending on the specific pavement conditions and
8.4.5 Impulse Loading Device _ the length of the pavement section. A minimum of 15 tests per
8.4.5.1 Set up the software for data collection. uniform pavement section is recommended for general project

8.4.5.2 Input the information that identifies the exact conqgg| testing. At a minimum, the load for AC or CRCP

figuration of the deflection device at the time of testing. Thepayements is generally positioned along the outer wheel path,
device configuration data are stored in the data output file ang; giternatively along the centerline of CRCP slabs. For JCP
are a direct input to data analysis. This information _L!S”alht’pavements, the load should first be positioned at or near the
includes the size of load plate, number and position Ofyegmetric center of the slab, and then moved to the nearest
deflection sensors, and the orientation of deflection sensofgint and positioned along the same line, generally on the leave

with respect to the load plate. side of the joint. On roads, streets and highways, joint tests are
Note 4—When testing longitudinal joints with an impulse loading Often conducted along the outer wheel path. For general project
device, a sensor can be mounted transversely to the load plate. level testing, as a rule not every joint associated with each
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interior slab test is covered; however, a minimum joint cover- 11.7.4 Applied load and load frequency.
age rate of 25 % is recommended. On airfield JCP pavements, 11.7.5 Measured deflections under load.
joint efficiency measurements should be carried out on both .
transverse and longitudinal joints. 12. Data Acquisition Software

9.4 Detailed Project Level TestirgThis test level provides 12.1 Some deflection testing devices use their own field
for a highly detailed and specific analysis of the pavement, foprogram to acquire load and deflection data. Traditionally,
purposes such as identifying localized areas of high deflectiopavement surface deflection data files have been structured
or detecting subsurface voids on PCC pavements, etc. For AGsing ASCII formats that are very device dependent. Although
or CRCP pavements, testing is typically performed at 10 m tASCII format allows users and agencies to easily access the
100 m (or 25 ft. to 250 ft.) intervals as recommended by thedata output files, a separate program is needed to access the
engineer. On roads, streets and highways, testing is ofteputput file for each type of testing device. To mitigate this
carried out in both wheel paths. For JCP pavements, the logaroblem, AASHTO has developed a universal pavement sur-
should first be positioned at or near the geometric center dface deflection data exchange (PDDX) format specification. A
every slab along the length of the test section, and then movedescription of this specification can be found in the last
to the nearest joint or crack on each slab, either along the outeeference in 2.2 of this standard.
wheel path or at the corner of the slab, or both. On airfield JCP .
pavements, joint efiiciency measurements should be carried odt: Data Processing Software (for Reference)

on both transverse and longitudinal joints. 13.1 Several backcalculation software programs have been
_ ) developed for deflection data processing and analysis. ASTM

10. Other Data Needed for Deflection Analysis D 5858 provides a discussion of some of the major differences
10.1 The following pavement system data may be needed thetween the most commonly used backcalculation programs. If
facilitate the load-deflection analysis: backcalculation techniques are employed, use the latest pro-

10.1.1 Pavement layer material types and thicknesses. gram version for backcalculation of pavement layer moduli.

10.1.2 Depth to bedrock or stiff layer. - .
14. Precision and Bias

11. Deflection Testing Report 14.1 Since this Standard Guide covers the use of various
Field reports (both electronic and hard copy) for eachNDT devices used on any type of bound pavement surface, the
deflection testing evaluation project should contain informasprecision and bias of the measured load and deflection data will

tion on the following items as a minimum. be a function of both the characteristics of the pavement tested
11.1 Date and time of testing. and the device used. Information on reliability, accuracy, and
11.2 Operator identification. repeatability of various vibratory and impulse loading devices
11.3 Vehicle information. can be found in a report that describes the experiment
11.4 Weather conditions. performed at the Waterways Experiment Station (WEB)
11.5 Air and pavement temperatures. Vicksburg, Mississippi.

11.6 Section Information— this is usually agency-specified,
but the section information generally includes the following: 19+ Keywords
11.6.1 Roadway and county or district in which it is located. 15.1 Benkelman beam; deflection sensor; deflection sur-
11.6.2 Type of pavement being tested. veys; falling-weight deflectometer (FWD); impulse deflection
11.6.3 Direction of travel. testing device; load cell; load/deflection testing; nondestructive
11.6.4 Lane being tested (for example, driving or passindesting (NDT); pavement surface deflection; pavement testing;
lane), and the position within the lane (inner wheel pathsampling frequency; static deflection testing device; steady-
mid-lane, outer wheel path, and so forth). state dynamic deflection testing device
11.7 Load and deflection data.

11.7.1 Type of deflection device. s _ _ o _ _
11.7.2 Type of deflection test, such as deflection basin OE Bentsen, N‘azanan: and“Hamson, RgllabllltyTestlng of Seven Nondestructive
avement Testing Devices,” Nondestructive Testing of Pavements and Backcalcu-

load transfer. lation of Moduli, ASTM STP 1026, A. J. Bush, Ill and G. Y. Baladi, Eds, American
11.7.3 Location of sensors. Society of Testing and Materials, Philadelphia, 1989, pp. 41-58.
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