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Introduction

We perform some numerical simulations to assess the median ground motion for a M =
6.5 event at short distances from the fault. We take into account the 1-D Northern
Switzerland model (CHN) and two fault mechanisms, i.e. vertical strike-slip and 45°
dip-slip fault. In order to evaluate the ground motion variation with both distance and
azimuth, seismograms are computed along five arrays of receivers at different distances
from the fault ranging from 1 km to 25 km..

We focus on the median ground motion. For this reason, the source parametrization
follows different criteria from those used in our previous study (Priolo et al., 2002), whose
goal was to assess the maximum motion. Here, we define seismic moment (or slip) dis-
tributions having medium stress drop level and feature no sharp and localized asperities.
Furthermore, instead of evaluating a single critical case, we need to build-up a robust
statistics. Therefore, we take into account a large number of simulations for which we
let to vary the slip distribution and rupture propagation (i.e., the aleatory parameters).
Simulations are performed using EXWIM 2.1 method. Version 2.1 improves version 2.0,
used in our previous study, in that it implements a hybrid low-frequency-deterministic,
high-frequency-stochastic approach. The need of using a hybrid deterministic-stochastic
approach comes from few observations (Liu and Helmberger, 1994) and a common ac-
ceptance among authors (for instance, Pitarka et al, 2000; Madariaga, 2002) of the fact
that the signal looses its coherence in the high-frequency band (e.g., for f > 2 Hz) as an
effect of the wavefield propagation through the earth. Any modelling method should take
into account this aspect correctly (Madariaga, 2002). In particular, the high-frequency
stochastic character of the seismogram is relevant when one wants to simulate realistic,
highly likely situations. However, the use of a full deterministic approach (Priolo et al.,
2002) is still justified to evaluate extreme cases in which the signal coherence persists in
the high frequency band (Zahradnik, 2002b).

We first summarize the improvement of the new version of EXWIM, then we describe
the setting of the numerical simulations, summarize the results obtained, and draw some

conclusions.

EXWIM 2.1 Method

Version 2.1 of EXWIM improves the full deterministic approach of version 2.0 by intro-
ducing a stochastic hybridization of the signal in the high frequency band. The imple-
mentation of the stochastic approach is similar to the perturbation and extrapolation
method (PEXT) recently introduced by Zahradnik and Tselentis (2001) and Zahradnik

(2002a). We introduce some changes in order to preserve the deterministic spectrum of
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Figure 1: EXWIM 2.1 flow chart.

both amplitude and phase in the low frequency band, avoid the spectral holes displayed
by most hybrid methods in the cross-over band, and take into account a high-frequency

spectral decay according to a pre-assigned attenuation law.

A schematic description of EXWIM 2.1 is illustrated in Figure 1. At first, seismograms
for rupture propagating along an extended fault are computed deterministically in the low-
frequency band. The computational procedure of this part coincides with EXWIM 2.0,
whose description can be found in (Priolo et al., 2002). In this study, rupture velocity is
held constant to 0.8 Vg. The low-frequency deterministic signal includes all details of the
wave propagation through the structural model, near-field terms, and focal mechanism.
This signal defines a deterministic envelope, which is filled up by the high-frequency



NORTHERN SWITZERLAND (CHN)

H o B p Qq QB
(km) (km/s) (km/s) (Ym’)

0.05 1.73 1.00 1.66 130 60
0.05 2.07 1.20 1.76 130 60
0.05 2.717 1.60  2.06 220 100
045 484 280 255 440 200
040  5.88 340 2.5 440 200
250 6.23 3.60  2.85 660 300
300 795 460 3.00 1100 500
HSP 795 440 3.00 1100 500

Table a: Structural model of Northern Switzerland (CHN). Model parameters are: H = layer thickness;
(o, B) = P- and S-wave velocities; p = density; (Qq,@g) = P- and S-wave quality factors. HSP means
half-space continuation.

signal with random phase. The spectral amplitude of the high-frequency stochastic signal
is set by the amplitude of the deterministic spectrum in its high frequency limit, and it is
defined in two ways, that is by either setting a flat plateau or using a pre-defined frequency-
dependent attenuation law. The transition between the deterministic and stochastic signal

is made smooth by blending the deterministic and stochastic spectra within a cross-over
band.

Description of the Simulations

Simulations are performed for the Northern Switzerland model (CHN, Table a) and for
two fault mechanisms. The values of the parameters used for the two cases are described
in Table b. The geometrical settings are illustrated in Figure 2.

For the low-frequency deterministic part, the maximum computational frequency of
the Green’s functions is set at f,,.. = 2.5 Hz, and the fault is discretized by a 51 x 101
grid of elementary sources, for all distances. The high-frequency stochastic contribution is
added to each seismogram up to the maximum frequency of 20 Hz, which is therefore the
maximum frequency of the final seismograms. The deterministic-to-stochastic cross-over
band is set at [1 Hz, 2 Hz].

In the low-frequency band (i.e. f < 2 Hz), the fault rupture is described by a kinematic
approach using a k2 seismic moment density distribution (Herrero and Bernard, 1994).
The slip duration is set at 0.5 s. A complete description of the source model is given in
(Priolo et al., 2002). As requested by NAGRA, the average stress drop is set at a medium
level (Priolo et al., 2002), thus the size of the fault is set at an average value.

To estimate the median ground motion, we need to take into account the uncer-

tainty due to the aleatory parameters (i.e., slip distribution and rupture starting point)
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CASE 1 (SS) CASE 2 (DS)

Structural model

CHN (Northern Switzerland)

Mechanism Strike-slip Dip-slip
Dip 90° 45°
Magnitude 6.5
Rupture dimension (L X W) 25 kmx 12.5 km
Depth of fault top 1000 m

Median"’
Stress-drop (40) 1.5 MPa | 2.0 MPa
N. of slip-distributions 5
Rupture-velocity 0.8 Vs

N. of nucleations

153 (for each slip distribution)

N. of sites (for each distance)

11, located along rupture | 20, located in “race track “,
(one half of fault) hanging wall and foot wall

Site distances

1 km, 3 km, 5 km, 10 km, 25 km

Total n. of sites 55 | 100
Max. computational frequency (f,...) 20 Hz
Deterministic-stochastic transition band [1 Hz, 2 Hz]
) See also table 2d in (Priolo et al., 2002).
Table b: Description of the simulated cases
CASE 1 (SS) CASE 2 (DS) TOTAL
N. of sites 55 100 155
N. of Green’s functions for each site 5151 5151 5,151
Total n. of Green’s functions 283,305 515,000 798,405
N. of slip distributions 5 5 5
N. of nucleations 153 153 153
N. of seismograms for each site 765 765 1530
Total n. of seismograms 42,075 76,500 118,575

Table ¢: Summary of the computations performed in this study

and perform a statistics on a large number of simulations. We consider 5 different slip
k~2-distributions and 153 nucleation points (Figures 3 and 4), for a total population of
765 rupture scenarios. Thus, at each of the 155 sites we compute 765 three-component
seismograms for each of the two fault mechanisms. The amount of the final data-set is

summarized in Table c.

The five slip distributions show large parts of null slip and incoherent slip boundaries.
In addition, the slip is distributed mainly in the bottom half of the fault (i.e., at larger

depths than the previous set). Thus we avoid unrealistic near surface ruptures.

Computations have been performed on the high performance parallel computers of the
CINECA computing center (Bologna, Italy), and took about one week of an IBM SP4

computer with 64 dedicated processors.



Results

The results consist of three-component displacement waveforms and acceleration response
spectra. Due to the huge amount of output data, a reduced data-set of PGA and spectral
accelerations at the eight frequencies of 0.5, 1.0, 2.5, 5.0, 10, 20, 33, and 50 Hz is provided.
The whole data-set (about 10 GB on disk), or part of it, is available on demand.

Figure 5 shows the mean horizontal PGA estimated at all sites from all simulations.
The horizontal ground motion is the average of the two horizontal components. The
experimental layout is that of Figure 2. The maps clearly show both radial and azimuthal
variations of the ground motion. The two mechanisms provide comparable maximum
values (i.e., about 2 m/s?), but feature different distributions of the peaks with azimuth.
In fact, in the strike-slip case the ground motion peak occurs near to half fault length
at the shortest distance, and moves toward the fault tip direction as the site distance
increases. On the other hand, for the dip-slip the lobe of the maximum values spread over
a wide area located on the hanging wall obliquely to the fault tip. Obviously, this result
depends on the particular fault geometry and position within the structural model that
have been chosen for our simulations, on the slip distributions, as well as on the geometry
of the sites. Note also that the values displayed in the maps have been obtained including
all the possible rupture scenarios, and therefore they take into account all possible rupture
directions, such as up-dip, down-dip, bilateral, and both forward and backward unilateral.

Figure 6 and 7 show the spectral pseudo-accelerations obtained for the two fault
mechanisms, respectively. Both shape and steepness of the spectral curves obtained for
the two mechanisms are comparable each other. The spectral decay toward the low
frequencies is uniform, especially for the curves obtained considering the maximum values
(thick lines). In contrast, some median curves (thin lines) still feature amplification at
about 1 Hz, especially for the strike-slip case. The variability of the values resulting from
the different slip distributions is within a factor three, the largest values being obtained
for those distributions featuring a large asperity (i.e., n. 1 and 3).

The lower values obtained for the dip-slip case are explained by the fact that the
geometry of the receivers includes locations corresponding to low directivity, i.e. on the
footing wall of the fault. In fact, the values obtained considering only the receivers located
on the hanging wall (Figure 8) are completely comparable to those obtained for the strike-
slip.

Figures 9-12 and 18-21 show the acceleration waveforms (horizontal components) com-
puted for the strike-slip and dip-slip mechanisms, respectively, and for seismic moment
distribution n. 1. Two different rupture directions are shown, i.e. an up-dip, forward
unilateral rupture and an up-dip bilateral rupture (nucleation points n. 26 and 80 of
Figure 4, respectively).

Figures 13-17 and 22-26 show PGA and spectral accelerations (mean value and mean
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value plus/minus the first standard deviation) estimated for the eight reference periods for
the strike-slip and dip-slip mechanisms, respectively. The maximum spectral acceleration
occurs at periods from 0.1 s to 0.2 s, in all cases. It is worth noting that, with dip-
slip mechanism, the strike direction represents a point of local minimum of the spectral
accelerations.

With the exception of the two longest periods of 1 s and 2 s, the statistical upper
bound (mean plus the first standard deviation) of the spectral acceleration of this study
compare well to those estimated for the upper limit ground motion (Priolo et al., 2002), in
the sense that they are in general considerably lower. The inconsistency found at the two
longest periods is due to the choice of the seismic moment distribution made in (Priolo
et al., 2002) — one dominant and localized asperity —, which had the effect of dropping
the energy in the low frequency band. This fact was already outlined by the experts.

Finally, Figures 6 and 7 show a sample of the acceleration response spectra obtained for
the SS and DS mechanisms, respectively. The spectra refer to seismic moment distribution
n. 1 (i.e., 153 spectra) and three groups of sites aligned along three different azimuths. It
can be appreciated both the variability of the ground motion as a function of the different

ruptures as well as the directivity effect, which shows up with the spectral peak at about
1 Hz.

Conclusions

We have estimated the median strong ground motion in the near-fault range. Sites located
at five Joyner and Boore distances have been considered. Simulations have been performed
for two mechanisms typical of strike-slip and dip-slip, respectively. A robust statistics
has been built-up by considering a large number of sites at different azimuths, five slip
distributions and a large number of rupture nucleations from different points of the fault.

The computed pseudo-accelerations show rather regular low-frequency spectral de-
cay. The two mechanisms produce similar acceleration values, though different spatial

distributions of the ground motion.
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Figure 13: Case SS. Peak ground acceleration and spectral accelerations at distance 1 km. Blue bullet:
mean value of the two horizontal components. Red triangles: mean value plus/minus the first standard
deviation. Values are in in m/s?.
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Figure 14: Same as Figure 13, but for distance 3 km.

19

PGA

0.02s

T=

0.0303 s

T=

0.05s

T=

0.1s

T=

0.2s

T=

1s T=04s

T=

T=2s



m/s®

m/s®

m/s®

m/s®

m/s®

m/s®

m/s®

m/s®

m/s®

10

10

10

10

10

10

10

10

10

10

10

10

10

10

10

10

10

10

23 24 25 26 27 28 29 30 31 32 383
T T T T T T T T T T T
448 yas2
267 yoes yare Y28 yaes Y828 Yd42 Y37 e
0.99 €0.99 €101 ©1.03 ©1.04 #1.13 $1.17 $1.24 $1.33 $145 #1.42 |
037 Ao37 A037 Aoaz Aoaz A0d0 Aodo Aoar Ao04s 8047 Aods
1 1 1 1 1 1 1 1 1 1 1
43 4.40
2,61 2.63 2.70 2.79 2.89 3.13 3.34 863 s 1
0.97 {0.98 {1.00 {1.00 {1.02 {1.10 114 ¢1.22 91.30 $1.40 91.39 |
036 A036 A037 A036 0.36 0.38 039 4041 0.43 045 044
490 y4.90
288 293 yaor Y308 yate Y345 Y36 T4 8
1.06 {1.07 {1_07 {1.10 {1.12 {1-20 1.26 $1.34 9144 $1.58 9153
039 AO039 0.39 0.39 0.39 0.42 043 Ao04s A048 051 048
443 ya4s
067 yoer ya7e y2s2 yess Y320 Y33 Y368 898
0.99 }0.99 {1.01 {1.01 {1.02 112 ¢1.15 9123 91.32 144 9141 ]
037 Ao3s A037 Ao3s Ao3s 4039 A039 Ao4r 4044 2046 Ao
8.49 9T 938
5.49 553 5.48 5.69 6.01 6.47 7.08 7.86
1.95 {1.92 {1.91 }1.95 }2.01 218 9234 $254 $272 9290 9291
068 hos7 Aosr hosr hogy Aozs Aozs Aosz Aos7 2092 K080
700 Y768 Y78
445 Y461 459 Y480 Y491 s2s Y59 V8%
245 €244
1.59 {1.61 {1.64 {1.66 }1.68 179 91.97 $2.09 $2.27
057 Aoss hoss Aoss Aoss Aoer Aoss Aoes 4074 2078 K076
454 4.85 4.96
3.00 2.97 3.07 3.1 3.30 3.48 389 08
110 ¢1.08 $1.12 ¢1.11 $1.17 §1.22 $134 9137 $1.51 P1.59 #1860
041 Aoss A041 Aoso Ao041 Ao4s A046 Aoss A0S0 4052 K051
247 247 262 250 235 265 277 271 297 3.02 3.10
1.04 €1.05 €1.10 ©1.04 @099 ¢1.09 ¢1.11 107 91.14 ¢1.12 ¢1.12 |
0.43 0.45 0.47 0.43 0.41 0.45 0.45 0.42 0.44 0.41 0.40
T T T T T T T T T T T
e yiz 130 Y140 Y154 y15t 147 Y156 Y163 yle4 Y169
0.55 0.59 $0.63 $0.63 $0.66 90.64 $0.61 $0.63 $0.65 $0.64 $0.64
Aos 4020 1080 Koz A029 4027 Ao2s5 4026 A026 4025 Ao24
23 24 25 26 27 28 29 30 31 32 33

Figure 15: Same as Figure 13, but for distance 5 km.
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Figure 16: Same as Figure 13, but for distance 10 km.
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Figure 17: Same as Figure 13, but for distance 25 km.
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Figure 18: Case DS. Acceleration seismograms computed for slip distribution n. 1 and unilateral
rupture propagation toward North (nucleation point 26). Horizontal North component. The numbers

indicate the maximum acceleration (in m/s?).
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Figure 19: Same as Figure 18, but East component.

24




Time (s)

Time (s)

Time (s)

Time (s)

Time (s)

Figure 20: Same as Figure 18, but for bilateral rupture propagation (nucleation point n. 80). Horizontal

North component.
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Figure 21: Same as Figure 20, but East component.

26



1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20

1 01 T T T T ]
F y6.08 y5.95 76.28 Y6.70 Y7-03 Y6.85 Y651 w580 o0 vis1g 477 7502 y4.70
o ’ ) ) 3.39 28 ] <
g 100 _ 1.6491.6891.7391.8591.9691.9691.9691.77¢ 1 5091.6891.5781.781.67 145{1 31{ % 1.99 179 23759 g
E Lo4s Ao47 Aoas A051 A054 A0SE A059 A054 Aggg AOS5 Ao51 A0.59 A060 051 Aoa7 043 044 045 045 ]
I 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 |
10' F ;
E y587 y5.86 7620 Y657 Y682 Y6.82 ¥6.39 w574 o 00 w508 va73 v4.87 yace jo
m i 3.30 277 219 RN
2 100 [ @1.5891.6091.7491.8291.9091.9391.9391.7691 5891.6791.5991.681.6691 4 197 176 y1.71 1 O
S E 8] ©
E 1045 A047 Aoas A050 4053 A0.56 A058 054 Ag49 A0SS Aos1 A0S7 4059 050 N 46 ot 044%0 44%0 e Il
10' | 30
640 Y650 Y6.79 Y7:23 Y7:60 Y748 Y710 y6.32 v 57 w561 w520 v539 y5.08 (a2}
“ i 2.1192.1392.1 3°° 244 214 18
o o [ €1.7291.8291.8091.9992.1192.1392.1391.939 1 s#1.8391.7091.8481.8091 6 192 1881 @
e 10 F 0.95 ©
F Ao.4s A0.51 A0.51 A0.54 0.58 A0.61 A0.64 A0.59 0.52 A0.60 A0.56 40.62 0.64 054 049 046 046 047 048 C”>
r 1=
10' F ;
E 76.03 y5.88 7632 Y6.57 Y696 Y694 v649 w583 £, 05 ws11 yags yaos jo
; 3 3.35 vy 76 224 1o
° o [ ®1.631.6891.7391.8191.991.991.9591.7891 5:481.6791.581.7 16714 ‘99 178 17371 Q
E 10 %0 88 ©
F Ao.4s4 A0.47 A0.48 A0.50 A0.54 40.57 0.59 A0.54 Ap49 A0.55 Ap.52 40.59 0.50 046 044 044 ots Aos ] |1
101 - 12.2 y12.3 ¥12.9 Y136 ¥13.9 Y148 ¥y139 y125 102 Y112 y10.7 Y108 yo.04 v g6 1
[ 95.1993.3293.493.6893.8194.1694.1393 773 583,593 3093.5093.3093.00¢.» 457 397 357 3563 *
%] ~—
£ ol 117 A1.22 1.18 2 1670'
€ 10 [ Aoss Aoso Aog1 Aog9 Atl0a A1 22 A1.14 Aq 01 A1.15 Aq1,05 A1.18 A1.15 4104 077 076 077 o8l G
i ik
1
10 3 10.4 w103 y11.1 y11.2 Y11.7 Y11.9 y11.3 y105 8.54 ¥9.13 y8.46 ¥9.33 g 11 695 E
F 4.95 1w
“ [ @2.7392.8393.0293.0093.2493.393.4293 219, 7 2.9{2_7 3.0792.8192 5095 1 400 346 307 302 o
e 0 143 S
£ 10 E Lo71 A077 A0g2 Aogs A0.go A0.96 4103 £098 Aogs 4095 Ao.gg 41:01 40.97 Ao.90 072 068 hoss 057{068_5 C”>
F ik
10' F ;
E y6.38 y6.54 y6.83 Y7.14 Y7.26 Y762 625 w543 Y556 y5.48 Y561 v5.30 455 - P
[ ’ 3.20 ]
K o | @1.7491.8891.9492.0192.0892.2392.2291 9691 7391.5391.7991.9081.8691 671 4 268 227 206 R
€ 10 F %0 o8l §
0.48 A0.54 A0.55 A0.57 A0.60 0.65 0.61 A0.56 A0.60 A0.59 40.65 A0.65 A0.61 051 049 047 Ao47 Aods -
1
10 ¢
% 377 Y408 THSL YIS YA 7422 VA28 Y929 v 06 yaos 324 3 07 2 75 245 226 2,01 1 73 1.64 y1.69 12
= . ~—
2 100 [ 9139914591 51.481.4391 391 431.34 | o 1 % * ol i
F A0.47 A0.52 A0.54 A0.50 A0.47 A(.46 A0.48 A0.46 0.38 A0.44 0.48 051 051 0.49 A0.46 047 o4e 046 0.46 ] =
1 T T T T T T T T T T T T T T T T T T T T
10 ¢
F 1w
§ 100 |yt Y145 Y147 Y146 Y148 Y157 Y159 Y148 w11 vy 132 137 w125 yi1.27 Y137 131 126 122 124%1 26 _| (h'
0.7% -
E }05 6{0 5990.5 0.5690.5 0.4890.4 029&0 34 037 041 040 0.39 40.40 E
[ Ao22 A0.24 A024 Ao21 Lo 020 A0.19 o7 do1s ° 25 ° 26 ]
1 1 1 1 I 1 1
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20

Figure 22: Case DS. Peak ground acceleration and spectral accelerations at distance 1 km. Blue bullet:
mean value of the two horizontal components. Red triangles: mean value plus/minus the first standard

deviation. Values are in in m/s?.

27



m/s®

m/s®

m/s®

m/s®

m/s®

m/s®

m/s®

m/s®

m/s®

10

10

10

10

10

10

10

10

10

10

10

10

10

10

10

10

10

10

21 22 23 24 25 26 27 28 29 30 31 32 33 34 35 36 37 38 39 40

E 479 y5.07 75.41 Y5.96 Y6.16 Y632 ¥5.04 580 & y00 <o ot va 05 a5 528
r 2.63 ]
[ @1.3991.4791.5691.6991.7791.8491.7791.749 1 4991 4491.4591.7 16%1 5({ 218 188%1683}158.
E 0.804
E 1oas A0.43 Aoas Aodg 4051 A054 A053 K052 Agas Aoas Ao.a7 080 4059 0 5‘ 0.44 Ao. 40 0.41 Ao.41 A0.40 ]
I Il Il Il Il Il Il Il Il Il Il Il Il Il Il Il Il Il Il ]
E 465 y4.90 Y5.28 Y586 Y6.10 Y610 Y5.87 Y576 wugs 0o o azs < ast 388y
r 22 ya57 ]
[ 1.3%1 .4%1_5 1.6691.7691.7891.7 1.7({1 _4%1 _4{1 491.6691.6 1_4%1 .27i1 0%2 12 y1.85 1 64 1 56 |
3 0 79
E Los7 Aoz Aoas A047 A5t K052 K053 K050 Ko4s Aoas Aods 0.56 £058 40.55 A0.50 Ag.43 A .40 040 040 A0.40 ]
E 510 y5.53 7579 Y649 Y668 Y6.94 y6.45 y6.48 L oo 496 Y495 Y544 v5.03 450
F - 3.51 3
F 2.62 1
[ 1.4%1.5%1.6 1.8291.9192.0191.9 1-9%1.6%1 _54{1 5491.8991.8 1.6% f{ 23 203 179 169 1
E 0 85
E 1041 Aods Aoa7 Aost A0s5 A0.58 4057 K056 Ag.a9 Agag Aost 068 2064 K060 Aosa Lo4e Lo 40 o 44 0.43 A0.43 ]
F 452 y5.07 7539 Y585 Y6.10 Y6.17 ¥5.96 Y582 ©4ar oo o va0s v 401 306
[ 2.60 ]
i 1.3%_4%.5 1.6591.7691.8091.7 1.7{1.4{1_4%_4 1.7291.6 1_5«{ % ({218 187 yig6 158.
E 0 79
E Los Aoas Acas A047 A050 A052 4053 K051 Aoas Ao.as Aoa7 2080 R059 R0S7 Rost Lo 4q Lo 4 o 41 0.41 Ao.a0
L yoss yio4 Y111 Y122 V137 V186 Y128 Y123 w105 w990 wo71 7103 y0.63 g s E
g 561 ya65 E
i {2.6%2.8{3.0 3.3293.8193.6393.7 36{3.1&{3.0%&0 3.5193.4092. 959 6{2 “{ 395 344 332 ]
I 1 56
1.19 A1.20

§_ 0.70 A078 A0.83 0.90 A1.05 41.08 A1.07 A1.05 A0.94 A0.94 A0.98 1.08 076 O 76 074 ho73 §
E v755 Y889 Y946 Y105 Y110 Y109 Y108 Y105 Loy oon 020 w879 we s o0 . E
E ’ -4 ya72 E
r 2_1%2.4%2.6 2.8993.1293.1593.1 3-1%2.6{2.5%2_4 3.092.8782.5 2.17}1 h 3.89 y337 305 280:

1 .32
E Loso Ao7o Ao7a Ao7e 4088 4091 R091 2092 K981 Aost Ao7s 108 101 K092 Aos2 Loy Lo, 65 N 64 064 Ao, 62‘;
505 7560 y5.82 Y6-50 Y690 Y6.98 Y689 ¥6.55 ¢546 <53 oy 2e y5.49 y5.17 -
r 313 oy ]
I 1.4%1.6{1.6 1.8692.0192.0392.081.991 7091 5991 541.891.8 17(% 4{ !{ 2.16 199 189'
3 0 92|
F 1040 Aoao Aoo Aoss Aoss 400 Aoz K060 Los3 Aoso Lo.gg 4065 4066 051 Lo, 45 o 44 oot Lo
; 16 y4.24 y4. 18 74.45 ya. ]
g 3.64 Y416 4.22 y4.18 4.22 y3.94 2.89 yo 56 Y292 Y3.04 Y3.07 2 79 2 37 2 o 1

1.3191.5291.5491.4791.4191.4391.4491 3 183 ‘65 150 147
3 0.9990.9®1.0 0 -
E Ao47 0.56 A0.56 A0.51 A0.48 A0.49 A0.49 A0.45 033 Ao Ao3s A044 0.50 0 52 0. 49 0.43 A0.41 o 42 o 40 A0.39 7
T T T T T T T T T T T T T T T T T T

i 1.75 y1.76 y1.66 1
:_}0 %;47%1.55 1.48 Y155 185 w127 1 os 136 y1.35 121 1 12 N 10 1 os 1 o1 1 09 1074
E 0.6090.5490.590.5990.5990.5 0.5%H
E : : 0.43g0.390.4 g
F 030 032 oaz 032 0.32 ]
L 0.23 oAzo do1s 0.20 0.20 0.19 014 ho1a 0.22 4024 ° 25 0 & .

21 22 23 24 25 26 27 28 29 30 31 32 33 34 35 36 37 38 39 40

Figure 23: Same as Figure 22, but for distance 3 km.

28

PGA

0.02s

T=

0.0303 s

T=

0.05s

T=

0.1 [

T=

T=0.2 s

T=0.4s

T=1s

T=2s



m/s®

m/s®

m/s®

m/s®

m/s®

m/s®

m/s®

m/s®

m/s®

10

10

10

10

10

10

10

10

10

10

10

10

10

10

10

10

10

10

41 42 43 44 45 46 47 48 49 50 51 52 53 54 55 56 57 58 59 60

5.69 y5.53 y5.45 y5.54
5.04 484 w392 w38 Y447

3.22
11791.3691.4 1.6691.6691.6091.6791.47, 1.1991.291-5 1.5 131 2.54 207 1.79 y1.58
. . . 0.61 091 08%0-7

0.56 053
031 Aoaq A039 Ao.4p 4048 2050 2050 2050 Ko4s 1 56 Ao.so 046 A0.40 A0.39 A0.39

391 y4.07 Y478

-
e

PGA

145 |
do72
0.38

83 y4.o04 Y464 Y498 5.42 y5.37 476 U363 w378 V436 Y431 y3.02 a6
247 ]
i 1 o1 17913814 1.6291.6391.6391.6391 4 11{1_2 1.5 1_5%1_5,{ % %202 175 w153 142_
E - . ! 0 74
030 A0.34 4039 A042 0.47 A0.49 A0.50 A0.49 A044 0.36 A0.38 0.55 A0.59 40.58 A0.53 445 . 39 038 0 38 Aoa7 ]
415 Y453 Y516 Y543 T022 Y608 Y586 Y004 ws1g o) 5y w4 1o Y485 Y488 yast 347
F 272 ]
[ y 1.2%1 .4{1 5491.8091.8101.7, 1.8{1 57 1_2%1 3 1.7 1.8%1 .6{ [{ A}Z 24 9195 1 69 1 5]
ET 0 78
E 0.66 5
E L5 A7 A4z Aods 0.52 A054 A0.54 4054 K047 |0 oo o4y 0.61 063 A0.57 Lg4g . 43 0. 41 041 Koo ]
E a5 400 Y466 75.07 Y562 Y5.50 ¥5.40 543 wag oo oo wa 47 y439 waos a1 ]
r 19 y253 _, 00 ]
[ 10 1_1%1_3 1.4601.6491.6991.6491.6391 .4 1_1%1 P 1.5%1.6%1.5{1 .3({1 07}0 9*1 77 y1.56 144
E ' ) 0 73
E Loar Aosa Aose Aoz 4048 2049 R050 8049 Ro44 L 55 Ao3o 056 2060 2059 053 doas Lo40 Lo 38 0.38 4037 ]
L g ye.ds Y090 Y108 Y120 Y120 Y116 Y114 w108 &0 oo oo o w042 y9.50 g7 ors -
E 525 y4.57 E
 an b2 2%2_6%2,9 3.4193.5493.4 3.3%3_1%2.5%2_6 3.2%3.3{3_0%2 6% % 398 335 295 ]
. 1 40
3 1o dost Aoro hoe2 0.96 A1.04 A1.01 A1.01 A0.94 Lo Agge © 113 121 A 0.85 AQ. 78 0. 75 0.72 Aoes 3
E ye.a3 y7.00 7807 Y907 Y104 Y988 Y9.83 Y977 wgus oo oo w7st Y771 y7.00 585 3
E 464 g 00 E
o1 a®1 9%2_2 2 5@2.9592.9092.9 2.9{2_57 2_1%2_1 2.682.8 2_5«{ 8}1 87}1 G‘F 8 o2 262 ]
LT T 1 .25
E Lo 5o Aosg Aosz Aoge 1083 2085 2088 2087 K078 Lo 65 Aoss 092 2102 8086 K089 Lo76 Lo67 Lo sa 0.63 A059
4.45 y457 Y512 Y560 Y636 Y621 Y821 ¥6.16 w557 U o) oy 56 ¥5.08 Y499 ya63 356
F 3.03 ]
Fois 13%_4%_6 1.8791.8891.8991.8791.67 1 3414177918 { 4{ %251 214 ¢85 177.
E ' ' 0 85
E Loa7 Aoss Aoz Aoa7 4055 8057 R057 R057 K052 L 41 Ao.as 062 2068 0-58 A0.52 Ao, 45 0. 42 0.42 A0.41

3.19 Y3.59 y3.68 y3.83 3.90 Y4.14 y4.15

- 1.3291.3191.3391.3391.3991.37 o yaz YRS T2 T 264 226 193 160 141 131
L ®1.0 1.2091. : : : : " 90.989, 7490.8 09
F Ao41 A0.45 A0.48 A0.47 A0.46 A045 A0.46 AD.45 0.41 A0.46 048 0.47 044 039 037 038

0.32 L o5 A0.29

1s

1.29 |
(io 69
037

154 1.58 1.56 Y172 Y1.80 y1.78 1.47 y1.47
129 oo Y12 1.27 108 092 087 081 084
0.5590.6190.6090.59, 0.5480.5
0.4 0.3 0.4
027 Ao24 - 023 025 025 025 025 0.26

0.22 A0.21 A0.20 A0.20 023 2

I I I I 013 Lg44 013| I

2s

0.8373
40 47]
0.27 ]

41 42 43 44 45 46 47 48 49 50 51 52 53 54 55 56 57 58 59 60

Figure 24: Same as Figure 22, but for distance 5 km.
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Figure 25: Same as Figure 22, but for distance 10 km.

30

PGA

0.02 s

T=

0.0303 s

T=

0.05s

T=

0.1s

T=

T=0.2 [

T=0.4s

T=1 S

T=2s



m/s®

m/s®

m/s®

m/s®

m/s®

m/s®

m/s®

m/s®

m/s®

10

10

10

10

10

10

10

10

10

10

10

10

10

10

10

10

10

10

81 82 83 84 85 86 87 88 89 90 91 92 93 94 95 96 97 98 99 100

2.35

213

1 63 Y198 Y224 159 yi.54 721° 7220 y187 oy 61
L v1.00 ! 25 0.77 27 1 02 0 91 081 .
E .77¢0.64 0.41 0.7090.7790.7 0.72 3
F : 031 B
F €0.2990.3 0 19 0 22 Ao2s A0.26 Aoas [ o 0.23 A027 A0.29 0 28 g 25 0 21 0.31]
E A0.08 0.10 40.11 013_:
[ 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 ]
I 4 44 159 Y194 232 Y211 04 cq wisp Y200 V214 y1.83 oy 55 1
E yo0.99 y1.04 1 00 E
: 0.4 079064, 390.4110° 5{ *089 035%0 81
F €0.2990.3 o5 A019 021 0.24 A0.26 Ao2s [0 [ L0020 A0.26 A0.28 030 027 0.05 o 0.31]
E Ao.og 40.10 0.10 A0.11 0. 13_E
[ ; 57 178 Y212 Y241 Y254 y232 _ o 167 Y231 7235 y202 1 69 ]
L y1.07 yt.12 133 08 111 099 v0.87 vo794
3 -8390.70, 0,404 0.7 %04 0. 9E
F .3190.3 e 021 024 0.26 4028 A027 [ o : L0204 A0.29 A031 032 031 0.08 ot .34
= A0.09 4011 0.11 A0.12 0. 15_:
[ 163 Y197 Y224 Y232 y245 L . y209 Y217 yigg 1 58 ]
- y1.00 y1.04 ’ 1 01 090 -
E 0.7 0.79 yo0.72 §
E 60 290.380- 41}0 5{ % 0-6%80.4090.417°° 026 030 m 0.51]
[ . . 015 4019 0.22 A0.24 4026 A0.25 L5 0.20 4027 0 25 0 21 ]
E Ao.os 40.10 0.10 A0.11 0. 13_E
322 363 Y429 511 y468 0555 yaar Y458 V487 yar2 350
[ y228 y2.32 224 2 10 1.81 ]
3 0.9 16 13%0.8 0921'4 { 165—-
g .6 7 041 0 47 A051 A056 A0.53 0.41 . 0.47 4059 0.62 0 55 0. 62 0 54 0 48 0. 7&:
[ Ao.1o A022 031 0.00 A0.25 0.30 ]
i 247 298 321 Y381 B Y418 305 yaos 7403 7413 yaee 3 10 ]
[ y202 y2.08 1.451 23 ‘93 1.86 y1.59 y1.49 |
3 907 0.78 7%0 8 3
F 5790.6 028 4037 o 41 A0.44 A0.48 K047 | o0 0.50 A0.53 0 57 0 53 0.48 0. 63‘5
[ Ao.16 40.19 0.19 A0.21 0.26
C 1o 2.39 318 y2s1 oy 3.06 255 2 12 ]
150 y1. 138 y125
E 1. . 1 05 y0.98
d 4405 07% 10080 05408 07 067 3
E 90.3990. 0.28 A0.30 030 Lg04 034 0 36 0 36 A0.35 A0.32 0 27 0.4
L Ao.10 4012 0.12 0. ‘7__
L 094 y1.01 Y1. 10 1 30 143 V182 Y164 V172 y150 o 1.34 123 1 01 ]
E ] ’ ’ 063
: 3 0.5790.46 0.4 047% 059 056 Y050
- 2 : 015 019 020 020 Aotg Aote [, 0.2 0.19 021 0.21 A0.20 013 016 90.23]
E 0.10 : 0.10
F 4007 0.06 E
E T T T T T T T T T T T T T T T T T T E
- 1.02 y1.10 y1.09 0.94 -
E 0.83 0.84 E
E yo0.40 043 054 065 068 059 054 050 045 0.46 y0.42
X 0.2790.3190.3290.3 0.0990.2 0.2 014
A
0.09 A0.10 Ao, 009 010 0. 10
0.06 0 o7 0 08 A0.09 000 | o 0.09 009 Agg7

0.04

81 82 83 84 85 86 87 88 89 90 91 92 93 94 95 96 97 98 99 100

Figure 26: Same as Figure 22, but for distance 25 km.
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