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Pooled fund study Pooled fund study -- participants participants 

California*
Colorado*
FHWA
Georgia
Iowa
Indiana
Kansas
Minnesota*
Mississippi

Montana*
North Dakota
New Jersey
New York
Pennsylvania*
South Carolina
South Dakota
Texas*
Washington
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Topics to be coveredTopics to be covered

Goals and objectives of the project
Research and development of the 
calibration procedure
Calibration protocol
Questions
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Consider these challenges Consider these challenges ……

If you have four FWDs, does it make any 
difference which one was used to test a certain 
road?  
Can you expect each FWD to yield the same 
results?
If no, how much difference in the deflection data 
is allowable before it has consequences to the 
design?
How can you reduce the differences?
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Answer Answer ……

Calibrate each FWD to assure maximum 
accuracy
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Video: FWD CalibrationVideo: FWD Calibration
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Project objectivesProject objectives

To obtain the highest quality FWD 
data for pavement design and 
evaluation
To provide a means for a periodic 
quality check on the operation of the 
FWD
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A brief review of what we are doing 
and why …
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Three types of measurement errorsThree types of measurement errors

Seating errors
Reduced by doing several unrecorded drops

Random errors (repeatability)
Reduced by averaging several replicate drops

Systematic error (bias)
Reduced by performing FWD calibration
The calibration procedure is what the FHWA 
project is trying to improve
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Typical FWD specificationTypical FWD specification

"Deflections shall be accurate to ±2 percent or ±2 
microns, whichever is larger."

The ±2 micron error is a random error, independent of 
the magnitude of the deflection
The ±2 percent error is a systematic error
Whenever the deflection is 100 microns (4 mils) or 
larger, the systematic error would be  larger than the 
random error
We want to increase that threshold substantially 
beyond 100 microns
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Goal: Goal: 
< 0.3% systematic error< 0.3% systematic error
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ObservationObservation

If the systematic error is ~0.3 percent or 
less, and the random error is ±2µ, then the 
systematic error will be smaller than the 
random error for all deflections up to 666µ
(25 mils)

2 ÷ 0.003 ≈ 666
Good quality pavements normally have 
deflections less than 666µ
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QuestionsQuestions

Why must we have a "large" deflection in 
order to calibrate the geophones?
Why do we have to remove the geophones 
from their holders to calibrate them?

??
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Random Error
±2 µ

Systematic Error
∼2 percent (10 µ)

500 µ

True 
Deflection

Measured 
Deflection
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True 
Deflection

Measured 
Deflection

Random Error
±2 µ

50 µ

If the deflection If the deflection 
is too small, say is too small, say 
50 50 µµ, a 2 percent , a 2 percent 
systematic error systematic error 
would be would be 
masked by the masked by the 
random error.random error.
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FWD Deflection BasinFWD Deflection Basin

Be concerned about the size Be concerned about the size 
of the deflections!of the deflections!
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ConclusionsConclusions

We require a deflection of 400 to 600 
microns for a 71 kN peak load at a 0.5 m 
offset from the FWD load plate
It is necessary to remove the deflection 
sensors from their holders so that they can 
all be calibrated at the same time

Also allows inspection and cleaning of sensors 
and cables
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125 mm fiber125 mm fiber--reinforced concretereinforced concrete
150 mm crushed stone base150 mm crushed stone base
1.5 m CBR 5 subgrade1.5 m CBR 5 subgrade

Building a calibration test padBuilding a calibration test pad
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On site FWD calibrationOn site FWD calibration
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Load system calibrationLoad system calibration
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Two steps in deflection system  Two steps in deflection system  
calibrationcalibration

Reference calibration
All sensors are calibrated versus a reference 
device (i.e., an accelerometer)

Relative calibration
All sensors are calibrated versus each other
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Objective of reference calibrationObjective of reference calibration

Assure that each sensor is random about 
the correct deflection
Requires an unbiased reference sensor and 
unbiased stand
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FWD load reading
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Reference calibration dataReference calibration data
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Objective of relative calibrationObjective of relative calibration

Collect a large number of observations of 
pavement response using all sensors
Overall average is a good estimate of 
correct deflection
Ratio of overall average to average for a 
single sensor is the calibration factor
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Relative calibration dataRelative calibration data

Ratio Means Factor  Cal Interim Gain  Final

Deflection Avg.Sensor  Individual
Deflection Average Overall  Ratio Means

×=

=
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Evaluation of calibration standEvaluation of calibration stand
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20.2

20.0

19.8

19.6

19.4

19.2

19.0

95% CI for the Mean
Original Dynatest Stand, Normal Force, DH3

Top Bottom
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Problems with existing standsProblems with existing stands

Position in the Dynatest stand was highly 
significant
Stand was too flexible
Similar findings for stands from Carl Bro 
and KUAB
Decided to design a stiffer stand

Should be able to accommodate several types 
of deflection sensors
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95% CI for the Mean
Stiff Ladder, Ball joint, Normal Pressure, Drop Ht 4
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Geophone standGeophone stand
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Swivel baseSwivel base
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Inserting stand into baseInserting stand into base
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Putting Dynatest sensor into standPutting Dynatest sensor into stand
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JILS geophone  JILS geophone  (Carl Bro geophone (Carl Bro geophone 
is similar)is similar)
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KUAB seismometer standKUAB seismometer stand
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KUAB Stand

Accelerometer

22

33

44

55
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KUAB seismometersKUAB seismometers
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When everything goes well, the new 
procedure takes about two hours to 
complete …

When things do not go well, it usually is 
due to maintenance problems with the 
FWD …
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Accomplishments Accomplishments -- softwaresoftware

Windows-based software 
has been developed 
(WinFWDcal)
Accommodates all brands 
of FWDs and HWDs

File conversion software 
has been developed

Electronic transfer of data 
using thumb drive
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Accomplishments Accomplishments -- hardwarehardware

Keithley model KUSB-3108 data acquisition 
board 

16-bit board increases accuracy
15,000 samples per second
"About triggering" developed
Highly portable USB connection

Silicon Designs model 2220 accelerometer
Method for conversion of acceleration to displacement
Method for calibration using Earth gravity
Uses existing Vishay signal conditioner
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Accomplishments Accomplishments -- hardwarehardware

Multisensor stands 
developed

One design for 
Dynatest, JILS and 
Carl Bro
Second design for 
KUAB

Stand hold down 
method developed
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Accomplishments Accomplishments -- speed speed 

So far we have got the 
procedure under two hours
May be possible to get it 
closer to one hour
Two FWDs that have been 
properly maintained can be 
calibrated in one day
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Quality assuranceQuality assurance

Procedure must be performed by a 
certified technician
Q/A review and certification done 
annually at each calibration center
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Quality assuranceQuality assurance

Compare final gain factors to previous 
calibration results for the FWD

1. Accept results if factors have not changed 
more than 1 percent since last calibration

2. Accept results if final gain factors fall 
between 0.98 and 1.02

3. Results are acceptable if either criterion is 
met.
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Quality assuranceQuality assurance

Issue certificate of calibration if all load 
and deflection sensors pass Criterion #1 
or Criterion #2
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Calibration frequencyCalibration frequency

Full calibration (all sensors) annually
Relative calibration monthly

Assures detection of sensors going bad
Data checking software should supplement the 
monthly calibration
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Keep it simple

Your Questions?Your Questions?


