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The purpose of this paper is to introduce a new non-gaussian phenomenon in the civil engineering fields. We
develop a method to calculate the earthquake motion phase as a function of the circular frequency without the
unwrap procedure. First, we define a mean gradient of phase by dividing the phase difference with the circular
frequency interval. We discuss the probability density characteristics of the mean gradient of phase and find it
is obeyed the Levy-flight distribution, which means that the men phase gradient is non-gaussian. We compare
the autocorrelation characteristics of the mean phase gradient obtained from an observed acceleration time
history and theoretically obtained autocorrelation characteristics by using the fractional Levy-flight process.

1. [ZC&HIZ

HEH T RBG L LTSI SN 5K S BE 2 E61T,
FRAM O e BN 203 Levy-flight fESRE FERASUCHE D = & T
bb, ZOFR, ATV a AMIEOREICHNONTE T
TI v a— L A0 VNAEEHBRIL LN TV, £z,
TRROELTRARNT Clx, IEBERSPNEE R EH 2R L, 7
Z 0 U EE T L DB EILBESR T 5 O
12, Levy-flight SAGIHE D T v X L7 A — 7 Biga JAWT,
SLIRFRIT 24T 5 OB LRI > TE T D, Fio, 7T X
~ D ZEMIZE LT, Levy-flight 4347 238 B /e & & £Fo
£ IEoTETWD, Fiz, Levy-flight ZARIZHED T
H Ny A — 7 B E O T RBRORE L EAT 9 HH9E 2 BAT
b LI TETWD, TH LEEBA»L, KT
FOLTEICEBVWT, Levy-flight 2347 BIEKICHE 5 B LWV ES:
BT D2 ONRARPFEOEBMTH D,

2. BAMMRERZIED 5RO 5N HAHERE

BRIEERZREZx () E L, O 77—V 2 BH%E X ()
ET 5, tIIREREIC, o AR TH D, Z 2 THWAE
IR EEREZIR L 1973 EHIE B OBRICHIKERE T
BB iz NS sy, #RE ST B BERIRE R R R
13.0.02 7T, BEBUSEEE 15000 TH 5, AIREEGEN T
DAfRtEE BT B0, PuiF ¢ v S BEER T2, T
bbb, B OB v 2T A, BEROS R A 225
& LT, AIREEEER COBMR A dyw & 31U, dyw =
100m/28 5 U7 v bl d, ZOARBEMRE Co % Bl
FTIUL, w, =1 dow & ARBEDBEBIL SN 5, BEAIE
EEEIIR 2 k = 2512 L7 BECA IRB M R % Aw & 1
i Aw =k -dywt 725, —Ji. X(w) =R + il = A(w)e®®@
ERBTE D, RENTT— ) = BHOFIEH LB TH
V. Alw) L p(w)iE7—V —iRigE LN TH 5,

FFT TX(w)ZRD D & & RANMNMHEP, 7 VT &9
I, Thide, = Arg(X(w)) & LCEFETE 5, Fig. 1124
BRFTER DG, I LIz, K BH BN D X DT, ¢ane
b MAIEEROEGEEE L TDP(w)Z RO DT, ¢ 0
N—mlZT DNz & X | gl MED g, (BT D EER L
FZ2 B, Thbb, nllii S0\ ag,n b-2n% EIATEE
EITORITNER 700, ZUXT 7 v TERIEE AT
HINTW5, ARMEIIdoMRTHEBILEN TNE DT,
W E W1 TOADIEE, pa(w) & Palwir) 72D, ZDHH,

Pa()DB—TIZITVMEZ B> T pg(wipq) DIEDTIZITVME
EWMAHLDET D, ZOHEIFX ()RS TND Y —=

o
©
wy —
m
=
[=%
“E —
E « _]
3 1
2 _
{ o
B | | | |
20 25 3.0 3.5 4.0
w radian
Fig.1 Argument phase ¢4 (radian)
= 9 |
§ — || = mpcn=0
S = MPG n=1
E MPG n=2
= 7| = MPG n=4
@ MPG n=6
% o = MPG n=8
o MPG n=10
s MPG n=12
c —_— N(0,8) ;
© || === Levy Flight §:
@ A
E o .-‘"
B P
LL
0 4
o
~
2 o
D o .
S ¥ uE —

. — SR
-100 -50 0 50 100
Mean phase gradient (MPG)

Fig.2 The probability density functions (PDFs) of MPG for
Kushiro record with different circular frequency intervals
that are defined by (n =0,1,2, 4,6,8,10.12). All PDFs
are coincided together, and its theoretical PDF is defined by
the origin symmetrical Levy-flight distribution function with
parameters of @ = 1.5 and y = 5.9 (brown colored line)
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Figure 3. The autocorrelation coefficient of the mean gradient of
Kushiro phase (zigzag light blue line) and theoretically
derived one at the designated circular frequency (bule
squares)
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