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Statistical analysis of near-fault ground motion acceleration
peak ratio and pulse characteristics

Zhang Shangrong He Jiaman® Tang Xiang Xiong Yang

(School of Civil and Hydraulic Engineering, Ningxia University, Yinchuan 750021, China)

Abstract: To further understand the significant vertical characteristics and velocity pulse char-
acteristics of near-fault ground motions, a comprehensive study was conducted using 1 706 sets
of strong ground motion records selected from the NGA-West2 database. This study aimed to
investigate the overall distribution patterns of the vertical-to-horizontal acceleration peak ratio,
designated as ay/ay;, and to explore how this ratio varies with various ground motion parame-
ters such as moment magnitude My, fault distance Ry,, site type, and fault type. Additionally,
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the study employed the multi-component velocity pulse identification method to obtain crucial
pulse parameters, including the pulse period (Tp) and velocity pulse peak (PGVp), for 140
groups of near-fault velocity pulse ground motions. The statistical patterns and empirical mod-
els were then established to assess the relationship between these pulse parameters and the mo-
ment magnitude, as well as the fault distance. The results revealed several intriguing insights.
Firstly, it was observed that the near-fault acceleration peak ratio ay/ay exhibits a strong correl-
ation with ground motion parameters. The probability distribution of av/ay follows Frechet dis-
tribution, indicating that the occurrence of high ay/ay ratios is not random but rather follows a
specific pattern. This finding indicates that the vertical characteristics of ground motion may be
significant in the near-fault regions, especially under certain seismic conditions. In addition, it
is also found that the ay/ay ratio tends to increase with moment magnitude increasing and fault
distance decreasing, indicating that the ground motion with larger vertical acceleration is more
likely to occur. Additionally, the study also observed that smaller equivalent shear wave velo-
cities vg3( and fault types such as strike-slip and reverse faults are associated with a higher likeli-
hood of generating larger av/ay ratios. These findings highlight the importance of considering
vertical ground motion in seismic hazard assessments and earthquake engineering design, espe-
cially in areas with these specific ground motion characteristics. The study also focused on the
pulse characteristics of near-fault ground motions. The analysis revealed that the pulse period
increases with moment magnitude increasing, while the correlation with site conditions is relat-
ively weak. This suggests that the pulse period is primarily influenced by the magnitude of the
earthquake rather than local site conditions. Furthermore, a comparison of the empirical model
of pulse period with the model proposed by Shahi and Baker revealed that the two models exhib-
it minimal differences in the range of large magnitudes. More importantly, the difference
between the two models decreases as the moment magnitude increases, indicating that whether
or not to distinguish between different pulse types has a negligible impact on the quantitative
relationship between pulse period and moment magnitude. This finding suggests that the empir-
ical model for pulse period can be reliably used to predict pulse periods in near-fault regions,
regardless of the specific pulse type. Finally, the study found that the largest amplitudes of
velocity pulse peaks primarily appear in regions with high magnitude earthquakes and in prox-
imity to the seismogenic fault. This observation underscores the significance of vertical ground
motion in these areas, particularly during large earthquakes. It also highlights the need for en-
hancing seismic hazard assessments and engineering designs that specifically address the vertic-
al component of ground motion in these high-risk regions. In summary, this comprehensive
study provides valuable insights into the significant vertical and pulse characteristics of near-
fault ground motion. The findings emphasize the importance of considering earthquake mag-
nitude, fault distance, site conditions, and fault type in assessing the potential for extreme ver-
tical ground motion and quantifying the key parameters of near-fault velocity pulses. These res-
ults not only enrich our understanding of the complex behavior of near-fault ground motion, but
also provide essential guidance for earthquake engineers and researchers in refining seismic haz-
ard assessments, designing earthquake-resistant structures, and developing effective risk mitig-
ation strategies. The study underscores the necessity of incorporating these nuanced ground
motion characteristics into future seismic design codes and guidelines so as to ensure the safety
and recoverability of the near-fault area.

Key words: near-fault; vertical ground motion; acceleration peak ratio; pulse parameters;
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ground motion parameters
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Table 2

Interval division and frequency distribution of acceleration peak ratio ay/ay

X | (0, 0.2] (0.2, 0.4] (0.4, 0.6] (0.6,0.8] (0.8, 1.0]
AL 37 456 585 359 144

(1.0, 1.2] (1.2, 1.4] (1.4, 1.6] (1.6, 1.8] (1.8, 4.4]
48 35 13 12 17
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Table 3 Cumulative distribution probability of acceleration peak ratio ay/ay

aylay <0.2 <0.4 <0.65 <0.8

SRR 2.2% 28.9% 69.9% 84.2%
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Table 4 Statistical characteristic parameters of ground acceleration peak ratio ay/ay within
different moment magnitude ranges

My iR shic AL ay/ayt KAH ay/a FYIME ay/aghiifEE ay/ayS 5 R EL P(ay/ay>0.65)
5.0—6.0 695 3.10 0.54 0.26 0.48 0.25
6.0—7.0 784 4.22 0.60 0.37 0.63 0.30
7.0—8.0 227 2.92 0.67 0.37 0.55 0.44
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Table 5 Statistical characteristic parameters of peak acceleration ratio ay/ay under different site categories

25 HhEShic stk ay/ayi K1H ay/ay F3IHE ay/aghiifEXE av/ay SRR Play/ag>0.65)
I (vg30>550 m/s) 316 2.04 0.55 0.25 0.46 0.28
Il (vg39=260—550 m/s) 1129 3.10 0.57 0.30 0.53 0.29
I (vs30=160—260 m/s) 253 4.22 0.67 0.51 0.75 0.37

IV (vs3p<160 m/s) 8 1.13 0.71 0.23 0.32 0.63
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Table 6 Statistical characteristic parameters of acceleration peak ratio ay/ay with different fault distances

72 HE /km HiREBhic S8 ay/ayit KAE ay/ay FYIE ay/aybrifE2E ay/ay 55 ZHL Play/ay>0.65)
0—5 241 4,22 0.72 0.51 0.70 0.44
5—15 442 2.92 0.61 0.33 0.54 0.35

15—25 395 1.51 0.54 0.25 0.46 0.26
25—40 628 3.10 0.54 0.28 0.52 0.24
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Fig. 8 Distribution of acceleration peak ratio

ay/ay with fault type

R T ARWEEEE I Z I ay/ay FGHHHRIES KL

Table 7 Statistical characteristic parameters of acceleration peak ratio ay/ay for different types of faults

W) HAZ BT A ay/ay KIE ay/ay FYIE ay/aybriifEZ: ay/ay L5t REL Play/ay>0.65)
W) 526 4.22 0.63 0.40 0.63 0.36
EWHZE 156 1.41 0.56 0.23 0.42 0.26
WWTE 1024 3.93 0.56 0.31 0.55 0.28

3 iLHR R Bk oy A

AT I )2 M 7 8l ) S TR P ) (T 2 A T 2 1 LR, RS R S O 1 AR ) M 7 2l 7
J2 W0 28 A 2 2 R Y DD S I, B SR T ) ) UL 2 D A e R B SR A
R A SRR b . e Ab, 5 T e AR 4 T8 RE DK i ide 2 B T K AR RS GESIBE S, I, 2022) .
i 25 2R A DA I AR O AR, AR AL A A R 2 56 R Wi S £ T TP R A A K A
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3, 30 T 080 BT 1 3k A PR Sy T e TR L e e Bk e 1R ) R R FH TRT A A K P R R R il
PE K REYE  (BAUAT s B BB (0 R AE Ty i KRB AL G MK op B8, 52 Bz FAT /5 AR SE R
WLHN 5, FEAE R BR % (Alavi, Krawinkler, 2004; Dickinson, Gavin, 2011) . Ff 35 3 5% 3iC 5% 05
BRI, PO CAE R R, @k 2R = KR 7 B RCRAR T, S O E = R
S 07 5 B A AR L A% 1k 22 0 TR Dk i o3 e Y S KU (RS o, max AE S A B SR B JRE Bk 0
B3 J7 v Mk LA 4 T Sz e 2 Sk i ) M RR 2 R M, LT Ik BCRY ik o 8 & I 2D (Chang er al,
2016; T 7 F+4%, 2022) . Shahi 1 Baker (2014 ) $2 t 5 5 305 ik ob 9 ME 2, b de AR T b 78
SIS EBEAL T R FARYE . A SCHLR FH B T 3 22 /0N A8 4 1) B itk R UK b 13 O 3 A TR e
SR, B KPS S MRS S B SR, DL bk b 7R B0 BT i R 0 A8 3 R RUR:
3.1 BKMSEIRER A&

T BN I 7 4G BE A T /N I AT N 2 BRVRR S BRI AR R AR S, XA /NI 4 i T
T b iZ 2h o #r. th T DU B Daubechies /N 5 1l 7% Bk vh {5 5 B TR AR AHALL, SO AR S BE /N iz,
555 T 2 /)N U B O 52 B K P RRAE , A B I I RE AR Y /) R R B0 8 W T 0.

BN R SRR A T T, BITERRE AL LRI s X055 f () #4735k A% .

d&oiiﬁfﬂod?;%n (1

e f(O T /NBEREsREL, AT TEL, s S /NBEERE pRECI R S8, 1 P B /N BB e B 07 8
ZH.

AN ZR RO /N AT B WA 5 A I A ) RE A R R E Lk ol RE R — BT /N LN
Be b, DRI T ek 3 — P TR I . A OB 3 R Sl e R A R I B ik o e o), ED
K M 72 B 19 W 2% D S K2t 4L A R BT 1) I 2 B R R, R ad /NI R 1 d RN &
Ko, VUBKoh A PI> 0 A2, H e K /IN I 38 B0 R 18 7 ) ek R S A i i 3 J3E Jok o 7 i
LA LRI

&, &=f () cos6+ f,(®) sinb, (2)

K f1(0) B fo(0) Ry b 1T 32 B B P 25 AE 38K Gt s f (e, 0) Ry (o) o (0) ek 40 65 75 31 AT
B J7 m By By . X £ (e, 0) AT SN B e, 15BN R (s, 1, 0) .
FR2MAKB3), AT
c(s, I, ®=c; (s, DcosO+c, (s, Dsinb, (4)
K, o (s, DA ey(s, D R 43 506 RE £ (o T T ) 17N FR B
B 2 A 7 1) b 9 /NI R B SR RABL oo (s 1) B2 HXS A 7 18] B

Crmax (S5 I)nglxc(s, D= \[c}(s, D+c3(s, D, (5)

(s, D
(s, D’

B 4 7 10 L F) J-d RE SCA e ik BE ik b i AL E X
P.=0.63Rpgy +0.777Re (7

(6)

B = arctan
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h, en:Lzes’ (8)
PGV PGV?

A Rpgy Tl Ry 7350 O B 4% T8 52 I B2 o 45 D0 T2 J3E I 72 ) b ThD 0 {F 36 22 (peak ground
velocity, 45 J PGV) Z L FIAE & 2 E . ik ol 0 5 38 A, Bk b B 7 PT, DL 32 ik o e A1
PGVp il P, 28, HFRIKEAT

PI=—(9.384P,+0.0004PGVp>+0.557P, - PGVp—17.191P.—0.625PGVp+13.824), )
A PI>0, GE ANk 4 PI<0, & ORIk 3l #5 PI=0, JrikRAL.
3.2 M SHBIEXST

JIT R Y 140 4k v 52 ok B 29 AR AR, T2 BE Ry, B 40 km FE I Y, Hoh
126 4500 SR AE 20 km W7 BE P, B9 90%, % 26 4 FR L 48 & AR KT, RIL Y 5R F AE hk
W 29 RSB R MyS5.4—7.9, WiZEEE Ry, 4 0.1—38.36 km, B ) K veso A
139.21—2016. 13 m/s, 3 B2 K #hi% {6 PGVp 2 26.99—342. 12 /s, kA 7, 24 0.32—13. 12 s.
N T RN K v S B0 SRR, SR FH B R R (Pearson) 28 M A OG5 AU A Bk o 2850 5 1R B 5
Kz (8] A AR SCRE L, A Sk 20 A R T A Bee 2 8 xR (23, 2009) -

o= nY, (Inxlny) =Y InxY Iny (10)

J[nE tn0? = (£ 20?] [15 (ny)? - (S 1ny)?]
K po®mx 5y AR REL, x MRk h S8, y WHFRSSE, n HHFRDDEL. o L
Pt i f
B 7 272 R RH OC AR R B, R HCRE
M ground motion parameters
T A B K b SRS # R 3 2 8 Pry My Ry v PGVp T,
MXRE, T8, Al M. o BF bk g (g My .00 0.21 0.21 0.20 0.72

Rpgv=

£ 8 kS8 SRS S E R

Table 8 Correlation between pulse parameters and

PGVp 5 My, FIWTJZHE Ry, 19K 2 5050 51 B 00 ?;E E;j 2(2;
$9.0.20 #1-0.38, FIRBN MK Wkob o - Lo o
JAMA T, 5 My BRI SC R BN 0.72, RN 7, 1.00

A OG5 BRI Ry, 19 AH 5C R B VE: oy WERBRHIERBE, Ry WITJREE, veso W30 mbpib i 35
4 0.27, 2By 5 A A AN PGV B, 7, kR ).
3.3 BB T, 5EERRAMyHXER
AN BTk A T, SRR My Wi R E, 15 E) SRR
InT,=1.103Mw —6.381, (an

A AT A A R R M e &R L B9 R 9 JE R T bk ) 40 it R AR 1 0 AT R L LA R AR SC
HH LR, SR EF, ko B R O3S K R K . A8 3 Baker (2007)
Shahi Fl Baker (2014) . #7545 (2018) | Bray fil Rodriguez-Marek (2004 ) Ft) £5 56 #5 1U i) Xf L 45
R EIR . AR 5 Shahi F1 Baker (2014) #5551 (W) & B fe i, JUHAE My =6.4 11 [l P9 4 4k
F i =K, BOE KGR RGN % 1 22 5 0T L2 . it Ah, Shahi Al Baker (2014) £5 78 5%
4 2 2 I o) M AR P S, T AR SRS R X 4 ik i S 3 3R AR A 1K 43 ok e 28 RG] ok e
JE 55 R S SE B G RS2 R K. Bray Al Rodriguez-Marek (2004) #5284 1) 7, Fi B/ T 49
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30— #x F 7R SO AL AE P 1) H T D b R Y 1Y T
s ,:.'_'- ?ﬁfﬁfﬁggﬁr@m@ 8 {8, @ F Bray Ml Rodriguez-Marek
| P A 374 (2018) . )
IO B e — g %0 |, (2004) L & Baker (2007) 7 Jii £y 3 14

3 SCOF AT B2 E 1) B ik ek o &, DL HERR

In7,/s

6.0 7.0 7.5

55

8.0

B9 ARSIk R T, 8234 b 5 R B % b

Fig. 9 The distribution of pulse period 7, in this paper

and comparison with the models from others

Jok o oy i 25 S AT RE M, R R AR A
A5 TR 000 A 2% 5 A0 e 22 KB R BRI R
J2 ok b RIS T, 14 3R HR 1 B R AR
AN T L T S SR ) it ok 5 Tk o o] 300 £
T T, 24 My<7.2 i}, Baker (2007)
R4 3] A Bk b B e A SC . Shahi F
Baker (2014) LA B X 58 25 45 (2018 ) A Y
AR Ik o RS AR 2K, R WIHE % R P
FEL PN, o 30T 32 Tk v ] 0 O e
A7 T J2 4312 1 ik o ]

RO kbW T, BEHERY My, 2R 2 K RBERL X

Table 9 Comparison of empirical models of pulse period 7}, changing with moment magnitude My,

A LRI R ok wh o ok wh Ay
Bray#llRodriguez-Marek (2004) InT,=1.03Mw—6.37 e P TIRTZ 7 PNy
Baker (2007) InT,=1.02Mw-5.78 e P TIRTZ 7 ENES
ShahiFfiBaker (2014) InT,=1.084Mw~6.256 R R Pk b o) J7 T IO Jik
B BEIT4F(2018) InT,=1.123Mw 6. 548 e n TR ok v Ay NEYS
X In7,=1.103Mw6.381 SR K 43 RS

3.4 EERKMIEE PGVp 55EE SR My BT EEE Ry, X R
Mavroeidis 1 Papageorgiou (2003 ) 1A k3% W7 J2% Y 38 J Jik i i (L PG Vp AN 2 Fifi 45 i 5 2% I
J2 18 728 AR T T BIR 3G O, T 2 A A e 2 T T SR BT 2 0 R R R, G S U

JE7E 100 em/s 247 . 3 ik ol i {H PGVp B4
R My T BE Ry, AR AL R ANIE 10
fros . B i L [ B AR iE T TCU068
(209.07 cm/s) il TCUO052 (342.12 cm/s) >
& 3 i sk Ry K v g {E PGV, X M
PGVp {H & K F Mavroeidis 1 Papageorgious
(2003) #2 H 19 100 cm/s B E, X 1 AE 2 F b 1
B 3 R K AL R B R B PE BT B, K
P B 23 25 400 45 R T D 25, Ol T R AR X
Tl 52 ), A SCHE 47 4008 40 A IR 50 B i 7 A4
B k. 3T N A LA AR B E
ik fr W {EL PG Vp Bl 752 9 My, FIIBT)Z B Ry, 72
LB GETT AR AL Ry

PGVp/ (cmes™)

10 BREEFK g (E PGV BEAE RS My, FI
2R R, 9751k
Fig. 10 Variation of velocity pulse peak PGVp
with My, and fault distance Ry,
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InPGVp=0.177Mw —0.052InRy, +2.975. (12)

S B PR 45 1 2 B SR U5, F A il s v R K b {H PG Vp I B R AE S 153,22 em/s; WRHE i 3
100 cm/s 9 ic s F AL DT My>6.5 HWTZEIE Ry, <10 km JE 4, /N T 100 em/s (1912 5% 53 10
PR R AT B TR, 150 P S ke 0 1 ) R IR 2 2 B A R XML 408 & 7% 7 2 Xk

4 Wi 5L%®

A SCHE T NGA-West2 B8 E G 1 T 1706 21305 W J2 b 7% 29 119 18 1] 5 K SF- ) i 38 158 06 {1 L
ay/ay, SHT T ay/ay BRSNS BRI G IUAEL, SR T K b HRR B ik oh 2505 1R B S 500
FMOC R, RIS AL AR, FEE R .

1) 355 W7 J2 b 7% Bl 0 0 38 WA LY a/ayy SR ST R ) T ARE 1T B3 70, ayv/ay P39 1H 2
9 0.58. N BB HMHERE, ay/ay<0.65 [ LK RFHME RN 69.9%.

2) W) ay/ay Z BRSNS RN SE I, ARG My 80K, W72 IR Ry, /)N, S5 A8 Uik
T gz /N .24 W A S U DT R 3 O I, 7 A e R R U L A SRR, R S
A % ) 50N ) b R By, PR I R A A DT R DX TR A Y S ) R A

3) AR 35 T ko S A 2 36 AR RN % Xof b 2 D Jhk e ] S0 i R R A G KT RS KL Y My <
7.2 W, 2 B ST AT B2 O 1) 43 Y Tk e R 3 000 A AR T e o B R Bk b 1) A s Y
My>7.2 08, ZF WPk op A 125 2 AEH /N, AT LLZ NG . A SCHC RS 5 Shahi #1 Baker (2014) 45 Y
R TR PN 1 2 53 /0N 300 B R A DX Ik e 28 KT Jk e ] A 5 R R R A DG R AR
TR R Ik e U 19 A IR IR AE KRR R L P R e 4 R R )2 X 3

ZE b, ASHIF ST 45 5 3 B AT 7 U2 M s EL A S 0 B i e R R K bR, AR )2
PR R R T B R E A T TS R AR ST A Ik b 5 2 R 34 R L R K
REENIC SN T, I A X 43 Ik oo A E ik ok B B BB R o sk R S L R bk oo
Y 22 ST EL D R — 2D R i X i R K PR B AR AT DU AR 9 I 2 M AR Bl R
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