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Discriminant Criterion of Long-period Ground Motion in Basin
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Abstract: To screen out the basin long-period ground motion inputs, which could be used for the seis-
mic design of supper high-rise buildings in basin, the formation mechanism of long-period ground motions
was explained. Then, the dominance of surface wave in long-period ground motion was analyzed, and an
approach to extract the coda waves of ground motions, which were dominated by surface waves, was put
forward. Finally, the discriminant criterion of long-period ground motion was proposed through statistical
analysis based on the characteristics of coda waves. The results demonstrate that the propagation, overlap-
ping, and frequency-dependent amplification of the surface waves are generated by conversion of body
waves at the boundaries of deep sedimentary basins, and plains are the main formation mechanism of long-
period ground motions. The surface wave components in the coda waves of long-period ground motions are
responsible for the maximum responses of long-period structures, such as supper high-rise buildings. The
discriminant criterion of long-period ground motion is concluded that: the predominant period of velocity
response spectrum (7T,) of ground motion is larger than 2 s, in addition, the ratio of the amplitude in the
predominant period of velocity response spectrum associated with the extracted coda waves and original

wave is greater than 85%F.
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Fig.1 2D schematic perspective showing the

body wave propagation path
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Fig.2 2D schematic perspective showing

the wave propagation in basin
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Fig. 3 Schematic plan view of the wavefronts
for a body wave from a point source converting to

a surface wave at the edge of a basin
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Fig. 4 Particle motion of CHY025 Station in vertical
plane of propagation direction of surface wave(U-D

represents vertical direction, F-A represents R direction)

2.2 EKESHRK B XSG R 5 &

TET 4 A% 7% 328 T2 90 1 DR I8 3t 52 0+ 10 TR 90
J 53— i 1 BRAE R i B v 7 3t 7 2 AU L T R
P BT T 73 B LA B 37 3R 23 A o TR 1 4R B
JE e B — BR824 IO e B ki 20 2 0
P9 — I 220 ) 3t 752 4 45 TR Y B . Wang Y AR
3 222 S AL s DB A 90 5 T 98 119 2 B IRE ) X L T
PRI BE | T B B CRR e B » LA K 5L 3t 72 38t 174 38 J3E 2
VAR

5 30 1) FH 4B LR D8 B A 5 4 o 17 4 BT T
SR IR, A X R 4G B (CHY 025 _R ) 5
TR U U B 22 [ 198 38t T R 45 4 o) 7 B R 0 AT X E
Canlsl 5 ). o, B 42 B0 B R AR 2 45 2
W B W) e s A A 2 8 T 51 Ak R U B B B A7 S i
TR L0 IR VAL o DAL O T B o R B R g B
BT IR IE. B 5Ca) (b) ] F U B 1
JE IR 5 I AR e BE A W) A R B B A R B AR 5 iR
B 25 0] SR HE 0. NI S (o T A
SR 4 s Ot w88 s D 1) SDOF 14 R 75 2 i
B UL R IG WA RN iy e iy i B EE AR W) AL i TR
W BEAR T AR e B2 A 2 BT 35kt 68 110 25 4 155 A7
B BT 1R (1 3 e 9% 2l o (0 15 2 U B A T 114 45 44 i
IO 1A 0 e A T /0N, 2 b AR Y R i B
T B LR IE IS BE % OR B AR R AR AT T OB
X A3 T

CHY025 R B (BB
40
o o20f
5 0
é 20 |
40 A . . A :
0 10 20 30 40 50 60 70 80
t/s
(a) 4 BE I AR
------------------- CHY025 R B (REED
20
10
§
= 0 |
<]
A -0 |
20 . . . . . . .
0 10 20 30 40 50 60 70 80
/s
(b) o B hif
rrrrrrrrrrrrrrrr CHY025_R B (BB
150
% 50|
§ e
é 50
-150

0 10 20 30 40 50 60 70 80
/s

() SDOF fAs 7 7 B2 iy Joj B A2 (T=4 s,6=220)
B 5 CHYO025_R i 5 A& AR ok B (R B0 89 2F 1
Fig.5 Comparison between CHY025_R and extracted coda

I SV T R S M AR BRI SRR B AE
T W 14 I ) B A BT ML AR 31 10 ) Y A5 HL
H AR & R T 3 B2 2 I 3% X i oo )= 45 A 0 AT 0 AR i
Tt B O ik — 25 25 56 KT T B A K ] 3] 3 72 B



%5

T 45 - 3t I ] 300 3t 52 2l 4 340 ) e 89

HH R B 5 LR R 2 W 7 ) o R R s T X B i
I BRI BE L LA R A T 8 B (R e B 1Y 3
SR (6=200) 158 . A&l 6 .

200

.......................... CHYOzS_R
BB (BB
150 | e i By
% 100 |
&
S
s
n 50 |
o £ .
0 2 4 6 8 10
T/s

A6 CHYO025_R ¥ & Bad ik & AL 3%
Fig. 6 Velocity response spectrum of
different phases in CHY025 R

MIEL 6 1T H D 90 0T 95 B 1) T8 B 7
R 28 AN TR T 5L 0z 5 A% 90 B 1Ayl JBE S 7 % A
Ji SOY RS 3 AH 25 B0 o R AT TS o TR IS S M RR
2l ) 2 ZEA Ry o T T 09 R D BRI A ) 4
ey g o7 S BT 4 A AR .

3 EEMENCREREAHMMESCRF
BN S Xttt

MCE GRSy i TR =B A 3R K U 4 7 Bl
1 32 B AT o L TAT 0 I A 300 M 7= Sl A T S A Y
M o7 S 4 7 A T 41 BT 9 e R A AT A7 1) 77 9k
S AU P T 98 T 3 1 R D B i K ] S R B R
) VA D) ) 5 A T T 2 R I8 S T U R
Hh R I TR AR B 1 X EEAR O
3.1 ETHMEMERBERGE

PR e e i o 2 I A ) 300 78 T A A A 7% 5l
P 7R U B g R S A 90 i B e 22 e O AR D
MG BSOS RO G T 8 AR 4 U L KA
SO0 o P AR ok 2 L g A 0 e I R, L2 R AN [ A
B0 A 1) ThT D5 6 » A M AR Sl I A DU B A ] A
T 95 5 1 B 22 A e ) 3 e 98 9 B R T 9 ) I
SRR A% TR D ) 2K I 20 U T AR BT R sk
P i 752 152 RE AR BB D5 S I X B T 5 T X B
AR B B X B HL o X B o ) ) e 1 T
P, 1T A A D o A 48 R 2 B 2 T I 4
PR 2. PRIk TR 8 AT AT A 1 AR BT i it AU
AT O 17 b R B R D B

FT b3 0 Bl R SR R 3 R I Y T 9
Hr o A U] T A A A T 8 B 3k I 22 AR SCH R ]

pEEEMRE | ERESHKE
D {ERKE

tls
B7 ERAKABEREFHITE
Fig. 7 Ground motion records possessing positive
and negative dispersion obviously

A BRI f o = 1/ (2A0 )+ Ao max
Sy M 7% B e A v e R 2F 2 B I [ B D X 72 B B AR
HEAT R AL F. A5 2 1 A O A Dy T B Ik a2
I b 75 B s R A T 1 A e 2 DA 1 D B A O T i
TS W R BB X T KRBT, 3 A 5 & A R
PR RS AN [R] s AN [ 75 1) 12 47 32k o8 1 Tl — Jo] 90 %) o A
T {5 3] 3 B 220 R [ o BT O AT R 2 TE G 28 A v o AR 3R
K S o R TR AL A SCOKE 55— A B A 19 58 B IR
rhC X N B 204 Sy 1 I 0 35 B 2 o, I T IR
W Be. 1A% B AR B 5 A 1 A4 300 o T 38 o (H 2 08 B b R
Bl FE I R X R A 1F Ty ik A Ry R R R
P o R 22 AN R ELRE RS . DR b 7% 8l %) B f
TR A FH 1 e 3 B 22 3R .
3.2 BREEMEIL

SRt Ee b AR Ty i P B e T S 0 R i B
E 25 2 Hb 7% 2 v i) 55 B L AR SOk BT A b AR B
103% (H 4 Kobe Hi72 MRGO000 %) 3 3 19 K 8 #
RS (G E LR AR CHY026 3 L K&
537 B R W b 52 Bl ic s (H A% 311 58 TKY025
WO HEAT B BE I 3 %] B 43

SZ5 T 3 4% 9 by M 7R U W U JE (VEL) B

JRERE A
20
T 10 i
g ]
S 0 /\/\/\\//E \/\/f\/’ NN R e St soarss
5 0
-20

0 10 20 30 40 50 60 70
/s
(@) MRGO000 P (Gt 5 #h 7% 3l 1 58D
sk TS

30 ;
£ 15| :
é-w» i

-30

0 10 20 30 40 50 60 70 80
tls
(b)CHY026 i GIE 37 iy 4 J& 191 3 7% 2l ic 58



90 T R 24 22 i CH SR BE 2 1O 2018 4F
Eﬁ‘*ﬁ}i T Sl T N7 2 B R 0 R R S A A R R B
0 (T)L’ﬁﬁﬂl 0 SR 28 BE AR 5 i 3 1 K ] 301 b 7% 3
Zo01S
4 s
[y S f V\MWN,W IR (EEELEHERE CHY026 30 U L 5 1)
g s ' K 140 7% 3 i 5k CH 4 311 ﬂﬁ};:% TKY025 ) 1y
30 : . FLBR R A LR I B I AR Y R IO 1% e A
0 50 100 150 200 250 300 .
s A AL 5 T R T SR AR — 2K
(o) TK Y025 3 G 37 1 1 J4 391 30 752 8112 30 100 = e
kA r 2 B b =
B8 =#AXAWEFHiTREENEALGEEE 75 | oy 200 | Rk B
Fig. 8 Velocity time histories and surface wave :(,,\ - 4, 150
bags of three kinds of ground motions \\‘EL A 5 100 | A
w25 Ll w5 S
B 5. 145 78 0 1 0B S 20 e 3 P HE R e e
Y H SEVA /s /s
o KA E. . o (2) MRGO0O i (b) CHY026 3
9 il T3 4 5 B A 7R 9 0 e .
(ACC) I, T[] 8 AH L ) T8 38 3 35 6 2 1 % 0 ;ﬁg
R I R ST R U B A W L GRS 4 i 2 3 ~ 100}
110 e i W 222 f WA
e VB SEEUE () MUY TN
0.3 /\}N W\/
eB % 2 4 6 8 10
%O 0 |—— A A A s A A A At s
% -0.15 | (¢) TKY025 %
03 : . : : : : B 10 = AP R 3h A AR BRI 84 1 B
0 10 - il 7 it 50 & (s Fig. 10 Velocity response spectrums of three kinds of
(a) MRGO00 I (%3 H 72 7130 %) ground motions and corresponding extracted codas
0.06

0.03 |

-0.03

ACC/g
(=]
=
="
=
i Q;D
p—
—
z
3

-0.06

0 10 20 30 40 50 60 70 80
1/s
(b) CHY026 i# G 4 Jil 9 1 7% 2h i %)

0.16
0.08 |
éo 0 W«W‘“WWM‘WMMWWW
< 008 |
016 2 " " " 2
0 50 100 150 200 250 300

t/s
(¢) TKY025 ¥ G Ji 13t 52 3 id 5%
B9 = AF R R MR 39T 5 e ik R e R AR AR IR I
Fig. 9

codas of three kinds of ground motions

Acceleration time histories and extracted

B 10 45T 3 452 br st 2 3] 5% Y o B I
i (S, ) FIUAH N BE W BE W B S 3. AT E Y L T b
hj%(ﬂi( H 7% Kobe #Z MRGO00 %) f¥) 5L 4 J& #1 8¢

PRI T A 1 < 3 30 5 ) AR B 57 3
DA 5 g 5 10 1 52 5 AT~ B ] 5 K ) M AR 2l
OB T 28 52 3 Dt 38y 3 14 e I8 B A .

4 E T RER ST A B 1A 3t 7= 30 F 31 Y

4.1 Gt o B H B

AR, NS E B T 2y & )2 K
JE S35 4 45 T AR I 300 b 7 Bl A S I AL Y
4 3 30 i 52 Sl T SR 3 I = bk o 3t = gl i Sk DL
3 52 Bl C R 0BG A 6 M RR I R 1Y 5 R
(T, FF I 1T 3¢ 310 38 6 20 Con) 2EAT R B OB 31
A Y O R 10 5 D R S IO o S Ak
{9 T W 1D B )+ 2 ) 0T 300 55 3 5 1L A 26 7Y 3t
RENAE T, VLR ar, XA BR LY 20 Sk 58 1 45
HH R S = Bl 4 A ) e

ASCH M PEER AL EREHC T 80 Z8 4R st b IX
12 3 3 5= Bl I % 20 % 3 W7 ) ik b 7 3 72 Bl i
. NE A A S 19 3t 72 3l Bk 5 SCHK HP gt B T iR



%5

T 45 - 3t I ] 300 3t 52 2l 4 340 ) e 91

(¥ 65 Zc KRR g e S IR O K
Jil 3 st 5 B £ R WL 1.
x1 ZFISMAXRAHABRKEFHMENER
Tab.1 'Typical long-period ground motions information

for statistics analysis
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Tab.2 Parameters of ground motion records

for comparative analysis
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Fig. 12 Velocity response spectrums of ground

motions and corresponding extracted codas
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Tab.3 Results for discriminant of long-period ground

motion by using different discriminant criterions
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