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Derivation of New Equations for Estimation of Earthquake Induced Peak Ground
Acceleration and Velocity

A. Derakhshani A. Saberi

Abstract In this study, a new method called M5, was employed to derive ground-motion prediction
equations (GMPES). Peak ground acceleration (PGA) and peak ground velocity (PGV) was formulated by
seismic parameters including earthquake magnitude, earthquake source to site distance, average shear-
wave velocity and faulting mechanisms with The Pacific Earthquake Engineering Research Center (PEER)
database. For verification, the proposed model was compared with three well-known models by Correlation
Coefficient, Root Mean Square Error and Mean Absolute Error. A sensitivity analysis and a parametric
analysis was carried out to determine the contributions of the parameters affecting model and sensitivity
of the models to the variations of the influencing parameters. The equations are remarkably simple and can
reliably be used for pre-design purposes.

Key Words Strong Ground Motion Parameters, Prediction Equations, M5 Model Tree, Earthquake Risk
Assessment.
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Parameter Mw | Rjp (km) | Vo (m/is) | PGA (g) | PGV (cm/sec)
Mean 6.55 73.34 386.07 0.08 9.38
Standard Error 0.01 0.96 3.28 0.00 0.24
Median 6.30 63.49 345.42 0.04 4.89
Standard deviation | 0.59 50.55 172.79 0.11 12.65
Variance 0.35 | 2555.97 | 29861.63 0.01 160.14
Kurtosis -0.68 3.19 10.22 33.92 14.49
Skewness 0.83 1.38 212 4.43 3.28
Range 2.70 365.11 1899.78 1.66 117.04
Min. 5.20 0.03 116.35 0.00 0.10
Max. 7.90 365.14 2016.13 1.66 117.14
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GMPE | Equation | M, Power | Ry, Power | Vo Power C

1 2.752 -0.726 -0.564 1.757E-01
2 3.138 -1.295 -0.091 3.272E-02
3 0.444 -0.146 -0.031 1.653E-01
4 0.444 -0.127 -0.031 7.608E-02
5 0.708 -0.816 -0.457 2.444E+00

PGA 6 0.840 -1.052 -0.052 1.666E+00
7 3.893 -0.553 -0.025 6.69E-04
8 6.602 -0.584 -0.331 2.1E-05
9 3.834 -1.410 -0.327 1.022E-01
10 0.529 -0.252 -0.023 1.461E-01
11 1.079 -0.795 -0.304 1.194E+00
12 4.686 -0.956 -0.321 1.441E-01
13 7.114 -0.689 -0.784 1.191E-02
14 6.892 -0.425 -0.042 1.43E-04
15 8.358 -0.840 -0.792 2.475E-03

PGV
16 0.572 -0.305 -0.780 7.16E+02
17 0.572 -0.760 -0.528 5.145E+02
18 4.210 -0.241 -0.114 2.62E-02
19 0.198 -0.472 -0.617 2.045E+03

Slaesls 42 sazmn 3 oa ¢ § g5l s (MAE) las
ool —ialo3l (glaosls 45 gazes 3 - —3sel
el 5 gl slaesls (555 amlie 13 503
—tl sl J CUU.( Lolyd s el _deslez
ol Anl st aalslys &S 5 sboles oo uled ol
by else Olilay 3 55 o 353 e ala>de
S St igmman (| M5 oo bedelw s Je
Wil geay) ot 3lis 5 das 41,1 CC>0.8 Jde
EP Smer K il Jilu> (MAE 5 RMSE
313 54 o (6 ;S 3Il 5ol s s palie Ol
A5 0 Sl Olgea Ll 5o Je ]l 19]
3L CC L stslousa M5 (gla Joe 545 ab S
536 lala=Se L Ol jpeas (oS MAE 5 RMSE 3l

f{;: sde b ans s
Ol iy 6l edd eyl sladde o sliel (sl
Ll p (PGV) ooy oo v iy 5 (PGA) e
Uax ooy po iy Sle (CC) (Siar
Jle Y L (MAE) glae slbx SlLs 5 (RMSE)

Boore and Atkinson il 54 od & 4l

.Gandomi, et al , [9] Campbell and Bozorgnia [8]
53 sddestial gla ml b s S1il gl &5 [10]
e lags 5 At ailie (g ($5lwd s
efime Aaloe 4 Ol 5 o0 SRassy (nl 53 el dal)]
5 e Sslw uslia oplIn sl-4 PGV 5 PGA

sl (:Kka 5 RMSE) Lo ol o Ay (5l

oS Dot pnlign &

119 ler olat (2G5 oo s



il iU pmaf Cbpr 5 el i ot (5 Lok Q}/.:Lucm/ Vol

Silse JS1 3 aS sy b pedal e u s alie (V) [20] ks s 5las oo s
sl M5 Jue b (5 5 %jwjgl:*:%@ﬁo,ufwmdm

Jsder 5 (0) o Gillas K3 JUa W L e s

S5 gl 5SS s s ialosl (glaosls (g1, PGA Kos Jde ¥ L M5 Jute dulie 0 Jyutr

e | Model | el || ctemiian |
2007 2008

cC 0.8988 0.9404 0.8967 0.9373

N MAE 0.5582 0.4320 0.9574 0.0340
RMSE 0.7450 0.4898 1.0856 0.0567

CcC 0.8808 0.8505 0.8777 0.9106

S MAE 0.5163 0.6077 0.7430 0.0364
RMSE 0.6038 0.7473 0.8953 0.0856

CcC 0.7377 0.7778 0.7205 0.9531

R MAE 0.8121 0.9785 0.5161 0.0313
RMSE 0.9573 1.1246 0.7055 0.2677

cC 0.6810 0.5142 0.6075 0.8041

RO MAE 0.3997 0.7165 0.6532 0.0327
RMSE 0.5662 0.8016 0.8907 0.0662

J‘.Mfajj\)'l&ﬁ)s _;.':iuﬂém;b G 2 PGV s Jhe ¥ LM5 e duglis \ Jsd

werarion | Mosel | Gl | S cotomiied- | e
2007 2008

CcC 0.9015 0.9214 0.9491 0.9691

N MAE 0.6154 0.6023 0.5136 4.1675
RMSE 0.7975 0.7694 0.6624 7.9640

cC 0.6651 0.8244 0.7922 0.8939

S MAE 0.5819 0.4762 0.5346 3.0824
RMSE 0.8906 0.6146 0.6500 5.0869
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R MAE 0.5733 0.5059 0.5405 2.5625
RMSE 0.7448 0.6690 0.6858 5.7484

CcC 0.4689 0.7857 0.7816 0.8560

RO MAE 0.6366 0.4932 0.4796 6.7767
RMSE 1.0323 0.6038 0.5990 9.5758
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Mechanism Class Model tree in absence of cc MAE RMSE
0.9373 0.0340 0.0567
Mw 0.8290 0.0372 0.0607
Normal
Rjb 0.0000 0.0571 0.0999
Vs30 0.8472 0.0296 0.0551
0.9106 0.0364 0.0856
Mw 0.8903 0.0429 0.0909
Strike-Slip
Rjb 0.1618 0.0702 0.1549
Vs30 0.9089 0.0406 0.0865
0.9531 0.0313 0.2677
Mw 0.9545 0.0438 0.3962
Reverse
Rjb -0.0939 0.0259 0.0301
Vs30 0.9515 0.0320 0.2602
0.8041 0.0327 0.0662
Mw 0.8208 0.0320 0.0687
Reverse - Oblique
Rjb 0.3062 0.0480 0.0984
Vs30 0.8069 0.0314 0.0663
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Mechanism Class Model tree in absence of cc MAE RMSE
0.9691 4.1675 7.9640
Mw 0.8932 5.2204 9.5378

Normal
Rjb 0.0000 6.6070 13.1714
Vs30 0.9704 3.9900 7.2333
0.8939 3.0824 5.0869
Mw 0.5975 5.2716 9.2373

Strike-Slip

Rjb 0.3993 5.7575 10.5690
Vs30 0.8229 3.7547 6.5424
0.8821 2.5625 5.7484
Mw 0.6774 3.2777 8.3848

Reverse
Rjb 0.5054 3.7534 9.5527
Vs30 0.8785 2.7286 5.8157
0.8560 6.7767 9.5758
Reverse - Mw 0.6585 11.0747 15.7054
Oblique Rjb 0.3377 11.3965 17,5614
Vs30 0.8408 7.0653 9.9895
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