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What is a Falling Weight Deflectometer (FWD)?

Non-destructive pavement loading device
Imparts a load impulse to the pavement structure
Simulates a moving wheel load

Measures deflections at the pavement surface




F = \/2Mghk

Where:

M = mass of the falling
weight;

g = acceleration of gravity;

h = drop height;

K = spring constant.

There are 3 possible ways to change the force:
a) change the mass of the falling weight
b) change the drop height
c) change the spring constant

Only alternative “b” is feasible for the FWD (although
alternative “a” is used at times).

“Nothing yet . How about you, Newton?”

Note that force is measured by the load cell and not
calculated using the above equation.
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What is the FWD used for?

« Estimate the structural capacity of the pavement
e Overlay and Inlay Analysis
 Analysis of remaining life and allowable traffic loading
« Estimate of the subgrade & pavement layer elastic moduli values
« Provides the ability to evaluate rehabilitation alternatives
e Evaluate the uniformity of support and identification of weak areas

« Detection of voids beneath rigid pavements
« Measurement of joint efficiency in rigid pavements
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FWD Components

Load Cell
LVDT or Geophones

o Deflection measurement
Infrared temperature gages

o Air temperature

« Pavement surface temperature
Electronic distance measurement
Power source
Control/data acquisition unit
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Advantages of FWD Testing

Non-destructive test

Wide coverage since testing can occur quickly
o Typically 1 to 2 minutes per test

e Can easily test different pavement conditions (for
example difference between the inner and outer wheel
path)

Data compiled and viewed in real-time

Gives an accurate assessment of the in situ properties of the
pavement structure and subgrade
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Limitations of FWD Testing

e The impact load must be adjusted to match the dynamic load
of a heavy vehicle

« Analysis and interpretation of the results requires
engineering judgement




FWD Load Pulse
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Pavement Deflection
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Locations of Critical Strains




Bending Deformations

. r Beam with a plane of symmetry in pure
P bending:
.,/' % * member remains symmetric
X * bends uniformly to form a circular arc
* cross-seclional plane passes through arc center

and remains planar

. * length af top decreases and length of hottom
() Longitadinal. vertical sectior Increases

{ I‘-l'.r we of symmetry)

* a neutral surface must exist that is parallel to the

’ I upper and lower surfaces and for which the length
B
: does not change
X
1 . . .
* stresses and sirains are negalive (Compressive)

| by above the neutral plane and positive (tension)
(B} Longitndinal, horizoatal section below it
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10 in

1,000 lbs

AL=0.1in

Stress = 1000/10 = 100 psi
Strain =0.1/10 =0.01 in/in
M, = Stress / Strain, psi

M, =100 /0.01 = 10,000 psi
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Fatigue Theory

Hign Strain = Short Life

Low Strain = Long Life

e

b

Fatigue Life >

Strain

Strain

Extrapolations of loads from AASHO Road Test
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Alowable Tensila $train Repetitions
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Allowable Subgrade Strain Comparison
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Comparison of Allowable Asphalt Concrete Tensile Strain Répetitions Criteria for Given Strain Values

‘Asphalt Institute (MS-1) Tensile Strain Fatigue Criteria

‘Allowacic tensilc strain repetitons, Ny. beszd on NCHR™ 231 fatigue relationskip v th fei u-e defined as elligator crackng in 42% o7 wtezlpeth
“and with zdjustment for =ffect of ai- voids per Asprat Insiit_te s Research Repo No. 82-2, 8/32, as s~own by the ‘ol oving equation:
Nf=T1*Cm*T 2%« Tz * 3¢ T3 l g ¢
gt - lensile suain al bollorm of AC layer, inin (Cr mfin)

Eaz = dynamic claztic modul.s of AC, pzi

Fqi- 18.4 Shift factor for difer=nce zetw=en laboratory rep=stitions to failure and fizld recettions t- fail_re
(comespondi~g 10 45% crzckitg n wreel pat~s of AASHO Test Track)
7 Fo— 0.02432 regress on ccnstant
l 3= -1 791 reqgresson constact
_F4 = -0.854 regress on conslarl
Cm- 10" factor to adjust laboratory fatizue life for effzct of ai- vzids and asphalk: vol_me i~ aspralt conzrete mi:
M =282 7 (Vp/(Vp#Vy,) - 0.69) , Vi — asphal. corlent, % by wlame, \y - wlurne vwids, %
A‘«'b - 2ac/0£34 - 12.5 comouzed from values below in alowab e strain repetitions tabls
7Cm - 0.469 comgued o values below i alowab e sbiain epelilicns labls
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Pavement Fatigue
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FWD 80/20 Rule

e Use of the FWD as a screening tool
o Network level evaluation




_ Figure I-B1 - E 30th Avenue:; Agate 5t to Spring Blvd
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All Data

PCI Overlay, in.

Category Average Average, non zero | 85th Percentile
Very Good 1.15 212 2.89
Cood 1.56 2.48 373
Average 1.26 2.41 3.22

Fair 2.59 3.83 e 272

Poor 2.31 3.01 4.60
Very Poor 2.22 2.40 4.60
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Questions ?




