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Development of Automated Inversion Method for
HWAW Method Using Genetic Algorithm

oy Park, Hyung-Choon
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Abstract

The evaluation of shear modulus (or shear wave velocity) profile of the site is very important in various fields of
geotechnical engineering and various surface wave methods have applied to determine the shear wave velocity profiles
and showed good performance. Surface wave methods evaluate the dispersion curve in the field and determine the shear
wave velocity profile through the inversion process. In this paper, the automated inversion process using the genetic
algorithm is developed for HWAW method which is one of surface wave methods recently developed. The proposed
method uses the error function based on the wavelength domain dispersion curve and can determine the reliable shear
wave velocity profile not only in shallow depth but also in deep depth. To estimate the validity of the proposed method,
numerical simulations and field test were performed and the proposed method was applied to determine the shear wave
velocity profiles. Through the numerical simulations and field applications, the promising potential of the proposed

method was verified.

* X

O
]

ofo] The ANke] Ak} SIE(EE AT AL B AvkA Q) Ak s A B s e T

2 2
Aukg ool A AH R Fad Aol olefa Aue] AuuhdE FAEL BT BAE B9 2
EEC BRIETE

o
ot

o rx
o o 77 4

A3t AFsshE GAE S sl om, AjkE RS 7P 2ol i Eul gAY
Wavelet Analysis of Waves) ®5ol] &-8-51%t}. Qe WA= M2 eA5h=5 A6t
dne|ES FAboll ARgatgTt AobE Wl Bl AS HESHILA AR Ayt dF AF
ol& Fall AtH WHe A A8 9 EldS T 4 Stk

oL

Keywords : Automated Inversion, Genetic algorithm, HWAW method

1 43¢, sty E533hy} Fw4 (Associate professor, Dept. of Civil Engineering, Chungnam National Univ., Tel: +82-42-821-5673, Fax: +82-42-825-0318,
civilman@cnu.ac kr, 34142}

2 H)3) Y, Fuisty B8ty BRALal (Graduate student, Dept. of Civil Engineering, Chungnam National Univ.)

* @ eBol U ROE U5k S90S 20139 29 224 1 U Sl wUlFA] wRhITE AR A% Bhest g =Ealel Adelel SR

SO €1elE

mjo

OlZ8t HWAW ZHE I8t NSah St 2Eol JHg 55



BEL ANAQ) AN A A Bl KA e

chpRt Augatiofel ) AL EIE Fag B4 olth

o A|NHe] HETHEE FAEL T BT AL

WS B 29 5 ek BT BAL e 2

Mﬂi—%& Ha o %lH RS A 0E U
\E

ApHoE AR 2 Al 4 7 So& olale] 11 AR
o] F7FstaL vk EHIF FARS 2719] AAVIE AR
sl 274d s} AP (Stokoe 5, 1994)} T2 744
715 AMgSIE T sk AR (Park 5, 1999; Gabriels
= 1987)0.2 Uhdch choksl wwal wpSo] Exjah),
RE #HI e A AS B3 wP(EE )

° =2 FdoA 4= Ak HWA W(Hamlomc Wavelet
Analysis of Waves) BH(EFE S 5, 2004a,b)2 2|0 7HHP
23d #H ASTE o] 8t FAIR e R M &

B7toll w9 mrba o2 AME T ek R 5, 2004,
Park 5, 2007; Park &, 2010).

1 oAl HWAW RS Siet Asshel ol e
S ARkt ARk R A Yare]E(Goldberg,
1989; Holland, 1975y AME3Ic) =50 22loj| 4] HWAW
719 8] dRbA Rl ARRE 71sshlaL, 3ol A A &
WSS ARERE Aol sl 7] skoinh 47l A

= ¢ AR WY H5e ast

%**'J-Eﬁ A= H ol 7 o]t ol2fgt HWAW
S ARL3l AHtRARS FRFAIS

ody=a A
ofl WHE AT A1) BAIR L) 2 Te)w olkke
A~

o EICk HWAW 41 2 27101 2ol A1

=
g sty golngl Weks Ed 7 Fui AHon B

56 E=REtEse =28 H28H M8

st F(Fig. 12), oUA) AREFohe K Eell A ouA
FAFE 4, 5 A AL Mot s
2ol o XA o] AR ofui XS] Amuke:
Abgste] BARTALS AATCHFig 1), Foi7] Tk
0] QPSR Fig. 1(0)] Rolxl ulel o] g of
U4 $1X19] Shge] 7H117] 194 2A17] 22 ofE5hs

Aol AR i S AR 3, 447 74 D

A0 ol ol 23k i) LS

m{ru

olE

] o] 712

=
A Rude 01%
¥ A

N og‘l
o8k
>
g &
eI N
Ry
my &
o _1|Zi
(0]
N =
o H: %
2 X
_\_T_. ol rﬁ"
o 0>4
N 4y =
oxo TN
e &L
tlo o
> E
ob .
St Jlm
N oX

HY
2
1o
d
L
fu
N
e
ofr
2
X
ol
oL
=
N
b
<]
=)
=)

[\)
=
1o
oy
Bl
N
T
S~
&
ot
k1
o
(i
)
NS
>
et
-
o X

=2 oo
Eo
(O

w©e W orle rlo

fi
:oé
0%
N
n:
T
1o
2
24
N
o
il
|
et
Ol
o,
rr
L
i3

F

_‘

HWAW o] 715 Age shuke] 23 2E-dat
271 A7 2 =, Fig. 2(a)ollA] HofR)= Hieh 2
o] 1~3me] Z=|7] 714, 6~12m2] 7H19-24711 744
7K B A7) 1 AR 2 AMgsih o
Hog iAW WU &jx] PYHE A3 7
7|2 £EAS ARgSIc HWAW LS 2R 712)7]
A A 2 ARSI el ARgE A
T4, & A7) 13429 SJA|7F rkapgollA] arefeivhy,
S é_! Al AA719] A= Xﬂ; I EP SREARS

_>i r_‘i rulo

= X]E(Park , 2007)2] Z7Jo] 7Fs3H, Fig. 2(c)et &
& AANgid) A e AREIHH =2 YT =S
7HA= 32k Ata) & 2w o] A (Park 5, 2010)0]
71555}k



o

«Time wvariation of each

*Time-Frequency Domain

B Bl
o e T
— T mm o X
3w
oy ~~
o X i
g . 3 L
S g @ _
oA F g ol l g = g
= = £ = : o - @ e w
. | I = = ® & .&o ~
A N > (Z N
o £ ) o ®
e 5 TR A & U
Ll S 75} c Ly %o
2 g £ £ X o7
B m v V nnuu. o7 © _50
PN = A m ‘Iy_ o#_._ E._
m T © ° HA_!L 0
! g fo—¢ ¢ s R B
- : — 1 sz E gyr
T E 2 o e @ 0w = m = A IS @ NE]‘__O
-~ T S £ B = &
g . S > = = T 5w
i 8 g AWn ] AWn o k9
2 * 5 2 > 5 2 8 Mo
: p 2 g —— g & I
& S 8 — |1 s & 2 & B9
< = o, 8 S 3 % TR
A @ < ) T @
E : £ B T B s
78 2 s 5 . Q LA T
= ] c s £ o 0 3
P % =" 2 B m . Kk Hr
EER R Z A g o
Frequency Frequency = IS 4r wlr
e el
J g g S B
a — 5 © ud 7O
q = = yv = & o 'l
o I f—
y 2 1o ,W»
Y S
m w — (o] m m___._ ME
E 5 B 2 d =
g - ok 5 I  ®
) o ) & = — Eo
w i M M $ m 2 ol
—— = P i)
= ) " e s #
& - s a
B - = Dr._ ﬂmo
L N ¥y = e B
= %

© A

Ey
=

oA <kl et



A EAHAE Hi#Eshe BAAS @8 Ads S 2
gty bzl Rlvk 7|HE ArjFeR 71 A9
A& AR wizell ARbE/d A 9] R et e ol
AT 78 =410 Y HekE aHshA] Jstal
AHke] BatAQl S4AE WYshs ddEitaide 2%
s "k ol=et Al ddEAtaAde AMgse
SEPgelMe L5771 s ok Z 417 14
= AM83kE HWAW 712 7¢- of2fdt < ARt =4

531,

¢

o o J% rE
-
o e

Homode o2
(2

71zle] olaf Wy E|o] EHO A ASH Th= A
et aHEke) tekst mE JEES o g uf
TIE(wave group)< FAgITE W ASTE Y5k
o|gt theFeh I EES Z7] v E Hut £=5 77l
t}. 7IRlH o 2 RE Azl weh Ak Al o)A ZH2t
O] IdEE0] RIS AR Y1X7T WA =],
ol At $1x]2] W= 1 1F FEHE BsAlY
i, o]yt ot FEje] Wshs SRS Wil
THHEFEE 5, 2006). S o A|Rto] gRleF E4] Wkt
e dEsh Stz shejete A7) f)R]of whet

ojZAt=Al Y] ANAl A A Flsl AR
a9 Ad 4 S 7RIde 2R E gA)7] 13 2¢]
AR} &L AA7] HAolA olE2it=Ale 2 st
ofof gty HWAW 7|32 B4 274S ffal Thdgt
A AREsP] wieell 71 kel Bis At
L 3] S7b glol AA7Ie] AE =t
7Fsste (e ofle] AAh(HFEE 5, 2004b).

7M€} 7 (individual)
gheh oAkE iR RAA &

£ o go] Auu} S5 FAER FAEE A5
= 559 A % SRgoR oot Ak o]
]

A= RS Hdshs 2 AAlIEel disl eakdrE

58 g=REtEse=2d H28H M8

[1"% 54, 2"% %4,
'S A, S SE, 2MF S5
CatE &) (1)

o
S~
o
ok
P
2
5
5
&
=<
:
=
Rl
S
a

N _ 1y [DC:he(j)—DCi,fiezd(j) z
ED=32=— V%

or X4 |DCone () = DCigieia (| Q)

714, DCrien(Diz @ollA AAE @ AFEAL
TAlolw, DC (N ke FAshe Ak = 3

ﬁ
HEE F i) A9t S5 FYEE Agstel 249
A

o)
£ i
[
5= #E 4
Y
25
o P I
e
< %
2
X
ML
i
1

2
Lo 4y

2l
Fi

ulE FHA)E whg gelel
3(b)ell 4] Hol | ufep o]
SEEE AR The ol
TR SIS hEe

s} vehb, sge] Z7t

g

3|

o L
fr e o

oA
o o

5

o2
u)
Mo 18
U
N,
QL
k
pass
T

U
2]
gt
)
of
12
=2
i)
ofx

B S S T R =
)
ur J
2 4

1<)
ox,
e
ne
\

il
jai)
Jo
ol
ol
rr
=)
o
T o
LTS
o
)
2
2
i

>,
©
o
.
-9
H
i
o
ox
1B
1
ox,
:

o
ol
i g
oM.

i
il
=
lo
%

Ut QTS A R daElE ol o)
ARE 4w Ze 3 T W gt S0 A=
e AR oz WolxA Hrl. B Aol o]t
BAAL S Astual AL LAJEH= zkzko] 9AF
25 71 tis] 2 YAEE Zho] Aest=s oA 99
2715 AAEAE Hojohs thed) 22 oATRE ALE




N1 ! ! .
E.() = p jN=1|DCthe(]) — DGy fic1a(] X (N\(I))a
Where a < 1 when AA(j) = 1 3)
a>1when AA(j) < 1

o714 ANG)= BARA S jHA V=T H ke
st o] Zojolr}. & A-telA ANG)=1Yw a=0.8Z
ARgSHY, ANG<I Y o=1.2< AR&3ITH
< ke BE Al tiEl xRt
=, Adei(selection)}g o] 43Tt Ales}
H HREECh ZF AfA 7 AeE SEl ZF A9
g 3710 whlEgict Adgjabygo] kR EH wxp
(crossover)ZHg o] 4=3 It wag ol = Agiate
A AgE JHAE 5 AR F i AHE At o]
o AelE = 7] WS SN A|(parent)2t gt A€
H 7 NAES Hdshe G52 Fig 49 22 ozl
FeE R o)X FEY AES AR AdeE
9] X|(breaking point)of|A] £-2]- wLetE]o] 22 F 7H2
AAE AYgeict AdE A2 7HAIE A7) (child)
2k gtk wajaby-e M23|hE whE s wabehA| 7t
T ke EdHo | (mutation) Y-S Ri%ith &
o] Tl A= ol FEHR HHHE o] JHAHE
gjste] Qo2 Mg A|oA] 02 12, 1> 002 |

0

o
"

o Hl

o 4 n

< o
oxX N

o
>up

o

A

200

150 K

100 V&WW%@@@@@@@@%

Velocity (m/s)

50

0 20 40 60 80 100
Frequency (hz)

(a) Dispersion curve in the frequency domain

spARIc olefat BHES Bal AR MASE 74
) ohe ¥ eo] Ak oluf ) HetollA] A4 B
g Holt AR AFHOR the Atk Ak
Kol Aol g7 Hickelitism). o] 2jg T 523 &
© QA4S e ARISe] 2ET WA T
nle] el S R, 3 Aueld b 2L

4.1 x| 2o Mg

AlRbe WS 5387 $18to] Fig. 50 =017 &+ 7¢
A Akzol e A me] AR S ek 4
AL 527 P (Kausel 5, 1981; Kausel 5,
1982) AFGF SASA] RIS AMglo] ST
A 5ol Aol ARE AR Fig. 5(a)9t 2ol z10]7t
Zokatol upe} vjdle] 4ol F7leke 37He) Fom 7
A=l AR 0] ZAE (regular profile: case 1)@} Fig. 5(b)<}
2o Zololl we wjd 74 27l BAHel 47)e)
Zo7 FAH HAANA ol FAE(irregular profile: case 2)

ok
=

S~
=
o

200
€
150 5
0
S~
E
O
2 100
.6 N &
o
[}
>
50
0
10" 10° 10" 10°
Wave Length (m)

(b) Dispersion curve in the wavelength domain
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