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Deflection Evaluation

Traditional Benkelman Beam testing 
generates only the point of maximum 
deflection. 

FWD data is often used similarly with 
some practitioners using only one or 
two data points (deflections).

However, much more information is 
available, i.e. accurate full bowl 
deflection, repeatability, compaction.
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Offset from Load (mm)
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Deflection Evaluation

Full time history 
of deflections for 
each geophone
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(mm)

Offset from Load (mm)

Plate
Stress
(kPa)

Deflection 
(micron)

Time (ms)
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Deflection Evaluation

Velocity
(m/s)

Full time history of velocity
for each geophone

Time (ms)



5

Deflection Evaluation

….jjj..

Accelerations 
(m/s²)

Time (ms)

Full time history of acceleration
for each geophone
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Deflection Evaluation

Jolt 
(m/s³)

Time (ms)

Full time history of jolt
for each geophone



7

Deflection Evaluation

Geophone deflection (micron)

Plate 
stress 
(kPa)

Hysteresis Loop
for each geophone
(departure from Hook’s 
Law on dynamic loading)
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Deflection Interpretation - Are we adopting the state-of-the-art?

Benkelman Beam (1952)

Structural Number (1962), advanced by World Bank in

HDM models in 1987,  adopted in NZ in 1999 shortly

before being discarded by AASTHO in 2004.

Both approaches (and associated empirical parameters: d0, d200, SCI, SN, SNC, SNP) discard 
the majority of useful information that relates to the moduli, (and degree of linearity), 
stresses and strains in the pavement layers, that can be obtained from the full dynamic 
deflection response.
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Deflection Evaluation

Using any of the basic layered elastic models for pavements, corresponding plots 
can now be readily generated for a wide variety of mechanistic parameters, i.e. 
stresses, strains or moduli at any time during the test to identify characteristics 
generated by pavements subject to specific distress modes.
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Implementation

The following slides give example pavement structural models for networks.

Correctly identifying the limits of homogeneous intervals of road, ie structural treatment 
lengths enables efficient management of the network. Often only visual data is available 
which needs to be supplemented with historic performance information. However, 
deflection testing and structural analysis provides the most informative approach.

The Structural Treatment Length (STL) file comprises the information illustrated in the 
pavement models in tabular form. The following are some of the structural treatment 
lengths with higher priority for renewal, identified in the preliminary study (uncalibrated 
desktop structural evaluation, i.e. visuals required) for the North Canterbury NOC.
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Forward Work Programme
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Summary FWP Presentation
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Cumulative Cost of Rehabilitation

This web based software enables users to readily update or revise the FWP at any 
future date to adapt to either (i) a required level of service or (ii) a specified budget
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Traffic Speed Deflectometer Technology
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Google Earth Presentation
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Traffic Speed Deflectometer (TSD now also MSD)

TSD does not measure deflection directly, 
hence correlation is made initially to  
Structural Life (in terms of millions of ESA) 
then yearly HCV traffic volume is used to 
generate Remaining Structural Life (years).

Multi-Speed Deflectometer (MSD) 
operates at same or wider speed 
range as TSD, both are screening 
tools but MSD uses wider 
frequencies as with a Pavement 
Analyser. 

Deflection Bowl is Inferred Only

TSD or MSD can readily be correlated 
with FWD, hence output is most 
useful in terms of Structural Life, 
directly  using observed distress or 
digitally from electronic “signature”



Contact Areas
TSD Twin Tyres MSD Large Single (or Twin)
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Twin  515 mm
L Single 285 mm

Exponent Comparisons
21 = 2
24 = 16
27 = 128
210 = 1024

Twin Wheel Contact Area Large Single Wheel Contact Area



Deflection Bowl Definition                
TSD Twin Tyres MSD Large Single (or Twin)
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TSD Twin Wheel 
2-D Longitudinal Profile
Between Wheels

MSD Large Single Wheel or Twin Wheel 
3-D Bowl Longitudinal and Transverse
Through Wheels

----------------------------------------------

----------------------------------------------

----------------------------------------------

MSD presents several advantages:
(i) Lower capital cost enabling testing of 

both wheeltracks and multiple units 
in each country.

(ii) Ideal for untested wheelpath of TSD
(iii) Better definition of top layer moduli 

for predicting top down cracking of 
AC and shallow shear life of weak 
basecourses

(iv) Shorter truck can be used (2 axle) for 
testing roundabouts, corners, or 
narrow urban roads with tight 
turning.

(v) Testing at slow speeds as well as high
(vi) Operates in wet or dry, rough or 

smooth, not only surfaced but also 
construction sites and unsurfaced 
roads

(vii) Year round availability in NZ ! (all 

seasons)
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Example use of  TSD- MSD - FWD
TSD or MSD data are typically generated 
at 10 or 20 metre intervals, enabling 
much more continuous profile of 
pavement structural life.

FWD data are not averaged so 
extremities are more evident. If only the 
critical (ie lower life) points are calibrated 
using FWD, a more robust life estimate 
results at minimal cost. Upper bound life 
is seldom of interest, as in practice the 
road performance is governed by the 
lower 10 percentile.

If the MSD run indicates that the 
pavement life is consistently good 
(usually set at above 25 years), further 
testing may not be warranted, as it will 
not impact on the Forward Works 
Programme. 

I 
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Comparison Between TSD, MSD and FWD
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MSD with Adequately Performing Roads 
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Many local roads 
may be 
conservatively 
designed and hence 
need only MSD 
along one lane to 
establish that none 
or only short 
intervals will affect 
a 25 year Forward 
Work Programme.
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Subsurface Drainage – bonus deliverables 

A functional spreadsheet is 
provided and road and 
chainage identifiers appear on 
mouseover. 

The advantage is that the 
darker colours show on which 
road and where, subsurface 
drainage would have most 
benefit/cost. (Least pavement 
life and most likely to respond 
to subsurface drainage)

Equally importantly, the green 
points show where subsurface 
drainage is unlikely to be of 
any benefit, an aspect that is 
difficult to judge from surface 
observation.



Beam Limitations: Static versus Dynamic Test

Static Position Dynamic Position

4ft 4ft 4ft

5ft



www.beca.com

Beam Limitations: Overall Difference

• Range of Variability between 3% and 30%

• Up to 200% difference in occasional spikes

(Courtesy John Hallett)


