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SUMIMARY

* In theory, thickness of HMA layer (H) can be measured by the same Lamb dispersion curve, the
fundamental anti-symmetric (AO) mode, that is used to evaluate the shear-wave velocity (Vs) of the
layer. An AO curve consists of a curved part that has increasing phase velocity with frequency and
occurs at the low-frequency side of the curve (e.g., 1-10 kHz) and a relatively flat part with a fairly
constant phase velocity that occurs at the higher-frequency side of the curve (e.g., 10-50 kHz).

* The constant phase velocity of the curve corresponds to the Rayleigh-wave velocity (V) of the HMA
layer, which is about 92% of the shear-velocity (Vs) for the common range of Poisson’s ratio (e.g., 0.15-
0.35). For a given HMA layer of V;, the onset frequency of the curved part from the flat part of the
curve changes with the thickness (H) of the layer; i.e., the thicker layer will result in the lower onset
frequency. In consequence, the overall shape of the curved part will also change with H. All these
properties of AO curve are graphically illustrated in this report.

 Conventional seismic measurements through contact approach (e.g., accelerometer) well depicted
both curved and flat parts of AO curve. However, the non-contact rolling measurements by using
MEMS microphones did not show clear definition of the curved part although they delineated the flat
part with superb quality.

* It is believed that this can be closely related to the spectral characteristics of the light impact source
that tends to generate more energy at higher frequencies (e.g., 10-50 kHz). This, however, will be
verified soon in the near-future when more microphone data sets are collected by using multiple
impact sources of different impact energy. However, the phenomenon may also be related to the near-
field effect of surface waves as well as attenuation properties of the pavement layer.

* In this report, these two aspects (i.e., near-field effect and attenuation property) are examined by using
field data sets acquired in the past by using both contact (i.e., accelerometer + hammer) and non-
contact (i.e., microphones + bouncing ball) approaches.



SUMMARY (Cont’d)

* In parallel to the Lamb curve (AO) approach to evaluate the thickness (H), another independent
approach that works on the spectral characteristics of the measured seismic wavefields is now
considered. Itis the Impact Echo (IE) approach that measures the spectral peak that is associated with
the seismic resonance within the solid material. The peak occurs at the resonance frequency (f,) that is
determined by the P-wave velocity (Vp) and thickness (H or d) of the layer; i.e., = BVp / (2d) where 3
(=0.96) is called a correction factor that slightly changes with Poisson’s ratio, but is commonly set to a
constant value of 0.96.

* First, two different approaches are tested to construct the amplitude spectrum; i.e., stacking individual
amplitude spectrum from each channel’s data [frequency-domain stacking (FDS)] and stacking all
channels seismic data first and then construct the amplitude spectrum [time-domain stacking (TDS)]
(Ryden, 2016). It turned out TDS is far more effective than the former.

 Second, the most recent development by Bjurstrom and Ryden (2016) that applies negative phase
velocity to construct a frequency-phase velocity spectrum is tested. This approach (Bjurstrom and
Ryden, 2016) turned out highly effective and will be used as the main IE method in this project.

* The future plan is to apply both approaches (AO curve and IE) to evaluate the thickness (H). Then, both
values will be used to come up with an average value (Have) by applying an appropriate weight to each
value based on a few quality factors.

* In this report, the general scheme of the IE method is briefly explained. Then, a synthetic seismic
record is generated to be used to test each type of IE approach.

* Finally, BR-2016 is used for real data sets from both contact and non-contact approaches.
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AO Curve From Non-Contact (Microphone) Measurement*
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IMPACT ECHO (IE) for
Thickness (d) Evaluation
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Time-Domalin (TDS*) vs. Frequency-Domain (FDS)
Stacking of 48-Channel Fiele Data™*

*Ryden (2016)
**Non-contact (48-Ch) data from concrete pavement (H=0.26 m); Vs

~2600 m/s, POS = 0.2 [from Lamb (A0) analysis].
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IE — Negative Phase-Velocity Stack (
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Phase Velocity (ft'sec)

IE* = Alr-Wave Added vs. Sulbtracted

Modeled Seismic Data (MSD+Air)

(Air-Wave Added)

Trace# 4 8 12 16 20 24 28 32 386 40 44 48

MSD+Air-Sub
(Air-Wave Subtracted*)

Trace# 4 8 12 16 20 24 28 32 38 40 44 48

“ - | * Bjurstrom and Ryden (2016)
. ** Observed peak frequency (fr) and
. . calculated thickness (d)
g . *  Air wave subtracted by using the )
& N moving-window LMO stack. & A
A I s == s
d=0.269 m @ 3476 Hz** d=0.098 m @ 9636 Hz**
100 H H H H H H 100 H H H H H H
R R R (e e et LI LEREE ------------------------------------------ g ?5- ------------- -----------------------------------------------------------------------------------------------
3 = : :
L5741 S OO 1 5 IO SO SIS N R S S A E 0 S S SR U R S SIS S S S
% H H
25 D e £ 25 ———————————————————————————————————————————————————————————————————————————————————————————
0 s AN A A Wﬂj ! : »ﬂmf 0 s s s a s : ] N
0 2000 4000 6000 8000 10000 12000 14000 16000 18000 0 2000 4000 6000 8000 10000 12000 14000 16000 18000

Frequency (Hz)

HMABase(H=10cm)(Vs=1250)(VeryLow\V2&V3)v(+Air)(OTStackDC)(1000)

Frequency (Hz)
HMABase(H=10cm)(Ws=1250)(VeryLowV28V3)v(=Ai (OTStackDC)(1000)



http://parkseismic.com/files/AirWaveAttenuation-Part-II.pdf
http://parkseismic.com/files/AirWaveAttenuation-Part-II.pdf
http://parkseismic.com/files/AirWaveAttenuation-Part-II.pdf

Phase Velocity (ft'sec

IE* — Diifferent Process o Attenuate Air Wave

*  Bjurstrom and Ryden (2016)
RECORD# (10003 (Source Station = 988)
et 4 5 12 ls W 3 3w % a0 4 ** Observed peak frequency (fr) and
calculated thickness (d)

R‘ECORD# (1DDD) ('Snufca Statmn =588)
o 0

*  Air wave subtracted by using the
moving-window LMO stack.
H g
= . o = . o

Air-Wave Subtracted*

10

ot
ot

= .
=
100 . o ; . : - T - T —o g
(-] SRS S— \ S O S ORI - = 15
: : : : : o

S \ ~~~~~~~~~~~~~ e d=0.215 m @ 4356 Hz**

,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, .

; 2 : H : H H
; ; ; @ \ o : : : 0 ; ; ; ; ; : ; o
0 2000 4000 6000 8000 10000 12000 14000 £ N H 0 2000 4000 6000 8000 10000 12000 14000 16000 18000
quency (Hz) e ‘I : Frequency (Hz)
e 12503V eryLow 2BV (A " 1 VO SRR, YUK S NP S B 111 ¥ | /SRR ERERE e : ———— HIABass(H=10cm)(¥s=1250)(VeryLow V28V 2)v(~Ain(OTStackDC)(1000)
> | ' H
=y
o J

Nlhw L |
b M»MF M s m

0 2000 4000 GDDO 8000 10000 12000 14000 16000 18000
Frequency (Hz)
=1250)(VeryLowV2&V3)vi+Air)( fk)(OTStackl



http://parkseismic.com/files/AirWaveAttenuation-Part-II.pdf
http://parkseismic.com/files/AirWaveAttenuation-Part-II.pdf
http://parkseismic.com/files/AirWaveAttenuation-Part-II.pdf

IE* — Non-Contact (Microphone) Measurement®*
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IE* = Different Process To Filter Air Wave
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