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ABSTRACT: This paper reviews the probabilistic seis hazard assessment studies undertaken in recent
years to estimate the potential seismic groundandgvels on bedrock in Hong Kong. A detailed cadak

of historical and recent seismicity within the So@hina region has been compiled. A suite of puklisem-
pirical and stochastic attenuation relationshipgehiaeen used with alternative source models ancteqa-
rameters in a logic tree hazard analysis. Unifoamand bedrock ground-motion spectra having varnmab-
abilities of being exceeded in 50 years have besoulated. The results have been de-aggregated to
investigate what earthquake magnitude and distaooinations have contributed most to the hazarelde

for the different probabilities and structural pei$. The obtained uniform hazard spectra have tempared

to the study using an alternative assessment agipiaeveloped by the University of Hong Kong. Reaent
corded earthquake ground motions in Hong Kong @ @esented with the uniform hazard spectra.
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fault zones are interpreted to lie along the Saghe

China coast. The Changle-Nanao Fault Zone, runs
1 INTRODUCTION along the coast and is offshore northeast of Hong

Kong. The Lianhuashan Fault Zone, runs inland, pa-

The Hong Kong Special Administrative Region is rallel to the coast from Shanghai to Hong Kong.
located in an area of low to moderate Seismici[}e T Most of the tectonic deformation that is evident in
current codes of practice for building design do nothe rocks of Hong Kong today was caused by events
require any seismic considerations. This paper remat occurred during the Late Jurassic to Lated&=ret
views the assessments of the potential seismigeous periods (160 to 90Ma) during what is referred
ground motion levels on rock in Hong Kong. Theto as the Yanshanian Orogeny (Sewell et al. 2000).
evaluation of the potential site response effents i Sewell et al. (2000) state that there is no diestt
Hong Kong are described in a Companion paper i[ﬁjence of fault diSpIacementS in either the offstwre
Pappin et al. (2008). onshore Quaternary age (less than 2Ma) superficial
deposits. They state that no fault displacements ha
been identified in the immediate vicinity of Hong
2 GEOLOGY AND TECTONICS OF THE HONG Kong from many hundreds of kilometres of offshore
KONG REGION seismic lines of Quaternary age offshore alluvium
and marine sequences. In recent years, thermo-
luminescence (TL) dating has been used for the dat-
Hong Kong is situated in Southeast China near théing of fault gouge in southeast China, Ding & Lai
south-eastern margin of the Eurasian Continental1997), with possible peaks in fault activity ident
Plate in a stable continental intraplate regionuabo fied at 270,000, 190,000 and 100,000 years before
700 km from the nearest plate boundary, which unpresent. Lee et al. (1998) state that, based upon T
derlies Taiwan and trends south to the Philippinegiating, the last major fault activity in Hong Kong
and northeast to Japan [Sewell et al. (2000) afel Fy can be interpreted to have occurred between 80,000
et al. (2000)]. The regional tectonic setting is®h  to 100,000 years ago.
in Figure 1. Two major, regional northeast trending

2.1 Regional Geology and Tectonic Setting
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will be exceeded if an earthquake of a certain

magnitude at a certain distance occurs and mul-

tiplying this likelihood by the annual frequency
of such an event occurring in any of the source
zones. By summing the annual frequencies of the
ground motion level being exceeded from all
specified earthquake distances and magnitudes
the overall frequency is established.

The use of this seismic hazard assessment meth-
odology to estimate the potential seismic ground
motion levels on bedrock in Hong Kong has been
previously published in Free et al. (2004).

An alternative methodology, namely the direct
amplitude-based approach, has been developed in
the University of Hong Kong (HKU) to assess seis-
2.2 Geology of Hong Kong mic hazard. This approach has been shown to be
. . consistent with the results using conventional ap-
o e s o e 1oach I Tang and Chandier (2006). Also, st
guarters of the land area of Hong Kong is underlainSpeclflc and "event-specific” ground motion model
by igneous rocks predominantly volcanic tuffs and®@" be adopted.

granites of Late Jurassic to Early Cretaceous age Epister_ni_c uncertainty arising ”O”.‘ diﬁerenceg in
(140 to 120Ma). Older, Late Paleozoic (420 toexpert opinion on a range of modelling assumptions

240Ma) sedimentary rocks and younger Late Mesobas been addressed through the use of a logic tree

zoic to Tertiary (140 to 2Ma) sedimentary rocks un_[Kquarnl et al. (1984), Coppersmith and Youngs

derlie the majority of the remaining land area. Su-(1986)’ National Research Council (1988)]. Aleatory

perficial deposits comprising Quaternary (less tha uncertainty, arising from natural physical varidipjl

2Ma) alluvium and other unconsolidated deposit;has been addressed by allowing for the normal varia

are also present throughout the territory. Largasr tion, represented by its standard deviation "sigma

of reclamation have been formed around the coast:ﬁf the ground mo_tlon attenuation relationshipshe t
: azard computation.
areas of the territory.

Figure 1. Tectonic setting of Hong Kong

3.2 Seismological Data for the Hong Kong Region

3 SEISMIC HAZARD ASSESSMENT Historical earthquake data for the Southeast China
3.1 Seismic Hazard Assessment Methodology region (Guangdong Province of China) has been ob-

The conventional probabilistic seismic hazard as_tamed from a range of sources. The Directory of

Earthquakes in China (BC 1831 to AD 1969) as
sessment (PSHA) methodology, e.g. Cornell (1968), ! )
McGuire (1993), has been applied Usi@RSYs listed in Gu et al. (1983) and the Guangdong Seis-

SISMIC, the in-house PSHA program of Arup. The mological Bureau (1991) database provide the most

PSHA methodoloav used the followina steps: extensive 'catalogues of historical earthquake data
_ 9y g Step or the region. These have been supplemented by the

Potential seismic sources have been defined ohata from the Geotechnical Control Office (1991).

the basis of regional geology and seismicity, o : .
o g 9 gy y For historical earthquakes, where there is no unstr
Seismicity parameters defining the rate of earth-

.. : mental records, the event magnitude has been de-
guake activity have been derived for each of th . 4 .
. 7 ermined by Gu et al. (1983) using an empirica} for
potential seismic sources,

-0 +1, : ) :
Ground motion attenuation relationships, con-mU|a’ M= 0584 +1.5 whered is the intensity at

s . . the epicentre of the event. The historical dataset
sidered to be appropriate for the region, have P

b defined. and comprises 199 events between 1067 and 1970. For a
T(;enf etine ,anf ified q ion level number of the larger historical events, the magni-

e frequency of specified ground motion 1eVeISy,jaq gefined by Johnston (1996a, 1996b) have been
being exceeded has been derived by first deteruS

mining the likelihood that the ground motion
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A set of 3-component, long period seismographs3.3 Seismic Source Zones and Parameters

;ngsle_srtﬁbllish?? I?t thteh Hor;(g Kong do(?sber\t’story."éoutheast China is located within a stable continen
- 'he rst 1elt earthquake recorded by IN@SE 1 ) niraplate region and the association of earth-

t .
struments occurred on the'0anuary 1924, During quakes. A number of previous studies have defined

World War I, the original seismographs were IOS:%(?ismic source zone models for Southeast China

and no local observations were made between 194
: : un & Ambraseys 1992, Wong et al. 1998 and Lee
and 1950. Recording resumed in 1951. The GSB h al. 1998) and these models have been included in

maintained a dat_abase .Of earthquakes within thﬁﬂs study using the logic tree described below. In
G_uangdong Province with _magnltude,LM 2.0 . addition, the source zone model shown in Figure 2
since 1970. A subset of this data, for the region, ¢ neen developed and is incorporated into the log
within 500 km of Hong Kong, was obtained for this ;. e with higher weighting. The model extends ou
study. to a distance of 500km from Hong Kong. A more

_ For the PSHA, all events are required to be statiSgigiant seismic source zone was also includedhfor t
tically independent and therefore foreshocks and afregiorl of Taiwan (not shown on Figure 2). The

tershocks have been removed from the catalogue Uggigmic activity parameters for the model shown in
ing the methodology of Gardener and Knopoff Figure 2 are summarised in Table 1.

(_1974). Man-induced events have also been idenju- The earthquake catalogue for the Hong Kong re-
fied and removed from the catalogue. A reservoir

. hauak _ ilon includes three earthquakes with magnitudes
induced earthquake swarm commenced in 1962 Olug'reater than M = 7. Earthquakes with magnitudes M

ing_ the filling of the Xinfengjiang Reserv_oir. The Z 7.5 occurred in 1604 and 1605 and a magnitude M
mainshock of the swarm had a local magnitude=M  _ 7.4 event occurred in 1918. An earthquake with a
6.1. The earthquake events in the catalogue havgqnitude M = 7 would be associated with a surface
been complled from a range of sources and a _ra_n%pture length in the order of 45 km, and a magni-
of magnitude scales have been used in the_orlglnqjude M = 7.5 with a surface rupture in the order of
sources (M, mb and M). The moment magnitude 155,m There are a large number of certain and in-

scale has been adopted for this study and the relgs oy fauits in the Southeast China Region. The
tionships of Johnston (1996a, 1996b) have beeﬂ1ferred lengths of these faults are typically e t

used to define a moment magnitude value for eacfyer of 40 to 50km although greater lengths oa les
event. well defined faults are also evident.

Table 1: Seismic activity rates for Hong Kong regggismic source zone model

) Area Annual Activity M>4

Source Location > .
km Number Density (per 10km2)

Zone 1 Onshore northeast of Hong Kong 108,303 1.28 11.80
Zone 2 Onshore surrounding Hong Kong 143,938 0.71 .96 4
Zone 3 Onshore southwest of Hong Kong 108,606 1.09 10.04
Zone 4 Onshore north of Hong Kong 128,196 0.12 0.97
Zone 5 Off-shore east of Hong Kong 69,037 1.69 @4.5
Zone 6 Off-shore southeast of Hong Kong 188,860 40.3 1.79
Zone 7 Off-shore southwest of Hong Kong 69,003 0.56 8.17
Taiwan Taiwan region 146,000 24.22 165.00
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Figure 2: Source zone model for Hong Kong regio

To account for uncertainty in the assessment ofor Zone 2 is shown in Figure 3. It is noted tHae t
the maximum magnitude, three values were considancertainty in estimating the source parametees (.
ered with weights applied to the high, middle andactivity rate and b-value) may significantly infhee
low estimates. A minimum magnitude of M = 5 wasthe hazard results. Hence, the uncertainty has been
used. considered by a logic tree approach (Section 3.5).
The Weichert (1980) maximum likelihood ap-
proach _vvas_used to determine the act?vity rate$; 4 attenuation Relationships
summarised in Table 1. In order to determine the re
currence parameters, it is necessary to define théery few strong motion records have been recorded
magnitude and time ranges over which the earthin the Southeast China region and consequenty it i
quake catalogue is complete. For the onshore an@ot possible to derive empirical attenuation equa-
near-shore seismic source zones three completeneiégns for the region. Relationships have been @elriv
ranges have been defined (1500 to 2001 fa7ia, for macroseismic intensity in Southeast China, Lee
1870 to 2001 for MI5.0, 1971 to 2001 for #2.5). €t al. (1998), and these show that isoseismal areas
For the offshore seismic source zones two com&nd attenuation of macroseismic intensity generally
pleteness ranges have been defined (1920 to 203!l between those for Western and Eastern North
for M35.5 and 1971 to 2001 for M.5). America.
The b-value, the gradient of the magnitude-
recurrence relationship, has been found to be sonsi
tent in all source zones, which is equal to 0.96. A
example of the magnitude-recurrence relationship
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the earth’s crust. The study obtained a megnad
o ue of 256 for the regions within 200km of Hong
Ce_1870 Kong and higher values of whole pathy @n the
\\ ——1971 range of 350-450) for more distant between 200km
;Z‘;lesﬁmate to 800km including Taiwan.
\ On the other hand, the seismic wave amplitudes
JRN can be significantly modified within the upper 4km
(say) of the earth’s crust, commonly referred to as
upper crustal modification mechanisms. The energy
dissipation mechanism within the upper crust is

\ commonly characterised by the upper crustal at-

100

10 +

01+

Annual frequency

0.01 +

tenuation parameteks However, it is generally dif-
ficult to measure in regions of low to moderate
I seismicity. Hence, empirical correlations for potdi
0.0001 ing this important parameter have been developed
2 3 4 ° 6 ! 8 (Chandler et al. 2005; Chandler et al. 2006a) using
_ _ Magnitude global information.
Figure 3. The magnitude-recurrence relationshizfore 2. The validity of employing stochastic simulation of

. . : . the seismological model has been shown by a series
Attenuation relatlons_hlps for Southeast China for?f calibration studies. A calibration study was enrd
peak ground acceleration and response spectral val-

ues have been derived for the seismic hazard stud%akerl by Chandler et al. (2006b) for the Hong Kong

0.001 +

egion involving macro intensity data. Similar eali
conducted by Free et al. (2004) and Tsang (200 ration studies were also conducted for Melbourne,

based on stochastic simulations of the Seism()lbgica}Australia (Lam et al., 2006), and Tehran, Iran (Sa-

models developed by Lam et al. (2000a, 2000b) an . o )
Chandler et al. (2006a, 2006b) respectively. The8 egh and Lam, 2008). Representative seismicity pa

: . - fameters adopted for Arup study and HKU study are
seismological model, based originally on Booresummarized in Table 2
(1983) and Atkinson & Boore (1995), used the input '
parameters shown in Table 2. The uncertainty of the
relationships was allowed for by using a log-normal3.5 Logic Tree
variability with a standard deviation on the nalura tpe logic tree that was developed for Arup study is
logarithm of 0.55 (Free et al. 2004) and 0.69 (8san gpown in Figure 5.
2006) respectively.

In order to account for the epistemic uncertainty i
the attenuation relationships appropriate for the r 4 SEISMIC HAZARD ASSESSMENT RESULTS

gion, a number of relationships have been used ia.1 peak Horizontal Ground Acceleration on Rock
Free et al. (2004) and have been incorporated intg . )
the logic tree with different weightings. The atian The calculated hazard Ieyels, in terms of peak-hori
tion relationships for Western North America, BooreZontal ,Qr,ound acpeleratlon on rock, at the. thre.e
et al. (1993), for Eastern North America, Atkins®n probabilities of being exceeded, are summarised in
Boore (1995), and for Southeast China, Wong et all@Pl€ 3-

(2002), Lam et al. (2000a, 2000b) and Chandler et

al. (2002), have been used (refer Figure 4 for com4.2 Uniform Hazard Response Spectra (UHRS) on
parison). Rock

The attenuation model used in the direct arnpll-The calculated hazard levels, in terms of horidonta

tude-based approach of HKU [Tsang (2006)] was sponse spectral acceleration (for 5% damping) on

) . r
based on a series of latest studies on the CrUSt‘F‘gck, at the three probabilities of being exceecded,

structL_lre of the S.OUth China_ region and its correr ummarised in Table 3. The assessment has been
sponding attenuation properties. Mak et al. (2004indertaken for periods of 0.1, 0.2, 0.5, 1.0, 7@ a

determined the seismological qualityojQactor for 5.0 seconds. The uniform hazard response spectra

the part Of the South C_hlna region surrounding _Hon cceleration, velocity and displacement) at each
Kong, which characterises the energy absorption o
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probability of being exceeded are shown in Figuredernative HKU approach (Tsang 2006, Tsang et al.
6, 7 and 8. It is noted that Figure 8 is plottea idif- 2007) have also been plotted on Figure 7. The re-
ferent format of acceleration-displacement responssults are found to be in reasonable agreement gener
spectra (ADRS). The horizontal velocity UHRS ob- ally.

tained by adopting HKU attenuation relationship in

both the conventional Cornell’'s approach and the al

Table 2. Input parameters for Southeast China agiithmodel

Seismological Pa-
rameters

Arup (Free et al. 2004) HKU (Tsang 2006)

Source Model

Geometrical Spread-
ing

Anelastic Attenuation

Crustal  Mid-Crust
Effect
Upper-
crust

CENA model, Atkinson (1993) , S(M,f)
M is the moment magnitude and f is frequency.

30/R (RE 45km)

0.667 (45km < FE 75km)

577/ R? (R > 75km)

where R is hypocentral distance in km, Lam et2000)

(i) Western North America,Pd?g et al. (1993): (i) Southeast China, Tsang (2006):

Q =204t

(ii) Eastern North America, Atkinson & Boore (1995) Q = 256f-' for R < 200 km
Q = 680f*° Q = 348f>*for 200 < R < 500 km

(iii) Southeast China, Wong et al. (2002): Q = 384f*°!for R > 500km
Q =481.51%

(iv) Southeast China, Lam et al. (2000a, 2000b): where Q is the wave transmission

Q = 592f*®for Southeast China quality factor and f is frequency

Q = 250f-**for Taiwan
where Q is the wave transmission quality factor faisd
frequency and the weighting of the attenuationrriefe
the logic tree in Figure 5.

b = 3.5km/s
whereb is the average shear wave velocity at mid-crusbkridepth), Lam et al. (2000)
k =0.01 and = 2,000m/s k =0.03 and y = 2,000m/s

wherek is kappa value andyyis the average shear wherek is kappa value andyis

wave velocity within the upper 30m, Lam et al. (QD0 the average shear wave velocity
within the upper 30m, Chandler et
al. (2006a, 2006b)

Table 3. Seismic hazard assessment results

Probability of Being Peak Accelera-

Spectral Acceleration (m/s2)

Exceeded tion (m/s?) Period (s)
0.1 0.2 0.5 1.0 2.0 5.0
50% in 50 years 0.48 1.00 0.82 0.40 0.16 0.07 0.02
10% in 50 years 1.50 3.09 2.24 1.01 0.41 0.15 0.05
2% in 50 years 3.41 6.82 4.66 2.01 0.81 0.30 0.08
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SA Attenuation Relationships (Period = 0.2s) M = 7

SA Attenuation Relationships (Period = 1s) M =7
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Figure 4. Attenuation relationships for peak groacdeleration and spectral acceleration used ia &ral. (2004) and Tsang

(2006)

Arup (0.4)

®——— Taiwan (1.0)

Lee etal (0.2)

Wong & Chau (0.2)

ATTENUATION
SOURCE ZONES
RELATIONSHIPS
Boore, Joyner and
Pun & Ambraseys (0.2) Fumal (1993) (0.2)

Atkinson and Boore
(1997) (0.2)

GENQKE Lam et
al (2000) (0.3)

GENQKE Wong
etal (2002) (0.3)

— @ GENQKEforTaiwan(1.0) ———¢——

ACTIVITY &
b VALUE

Median + 0.01 & b at 092 (0.2)

Median & b at 0.95 (0.6)

Median- 0.01 & b at 0.98 (0.2)

Median &b at 0.73 (1.0)

— 4

Myiax
-~
75(0.2)
For
7.7 (0.6) > general
areas
7.9(0.2)
_/
™
6.0(0.2)
For areas
65(0.6) '(;:g'r"‘g‘y
Kong
7.0(0.2)

b 85(10)

NOTE: (0.5) =Weight : For the 5 second period only the GENQKE attenuation relationships have been used.

Figure 5. Logic tree
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Ground motion

5% damping

~

——=2% in 50 year

—4—10%in 50 year ||

50% in 50 year

halved as the natural period is doubled. This will
give more conservative results for design intemt pu
pose than this hazard study for long period greater

o

than 1.0 second.

(3]

IS

1
\ \
5% damping Ground Motion
— = Arup (4 nos. attenuations)
= HKU (Tsang 2006)

Arup (Tsang 2006)

Spectral Acceleration (m/s 2

- - -

N w
f v—v-§_';

- ~[".
1] 2 0.1 SN <
4 Sk . S
0 l : 3 S~ s I
| : ‘ .
0 1 2 3 3 I . ST
Period (sec) % :N |
. . . . = ~ 72 yrp
Figure 6. Horizontal acceleration UHRS on rockssite 2 T~
[o8
n

The difference may be explained by the following °*
two main reasons: (1) The seismological qual@y (
factors and upper crustal attenuation parameters
(k) adopted in the attenuation for the HKU study are
based on the latest research as presented in Zable
It is noted that the effect is significant to seisM o0 L
waves of high-frequency contents with higHer o0t o _ ! 10
hence, the hazard levels represented by peak ground Perod (sec)
acceleration (PGA) would be lower. (2) The HKU Figure 7. Comparison of horizontal velocity UHRSrook
study has included major historical events in seurc sites using different attenuation relationships
site distances up to 1500km. For such far-field and
mostly large magnitude earthquakes, the contribu-
tion of long period seismic wave components ig stil
significant, although most high frequency compo- £
nents of seismic waves have been attenuated. In th&
light of this, the hazard level in long period rang o
especially for more frequent 50% in 50-years ground's
motion would be enhanced due to a larger number ofZ 1 ¢
“participating events” in the computation. i

A sensitivity analysis has been carried out for us-=
ing maximum magnitudes of 7.0 and 6.0 in the vi-
cinity of HK for Arup model without different
weightings. The results, as shown in Figure 9i-ind v

- 5% damping 0.1 0.2 0.5

cc

pectral

| | =e=2% in 50 year
| [—#—10% in 50 year

cate that the effect of maximum magnitude is not

50% in 50 year

significant. 0.1
The 2% in 50-years ground motion acceleration  0.0001
response spectra are compared with the 0.2 and 1.0
second spectral values defined in IBC 2006 (2006
for New York City and the acceleration response,
spectral values determined for New York by Weid-
linger Associates (2000). It can be seen that fte 2
in 50-year hazard level for New York is very simila
to the hazard level calculated for Hong Kong as
shown in Figure 10. It is noted that the IBC model
for New York is based on the hyperbolic relation-
ship which stipulates that spectral acceleration is
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Ground Motion
5% damping — — Max. M=7 (100%)
—— M6 (20%), M6.5 (60%) & M7.0 (20%)
- - - Max. M=6 (100%)

o
a
A\

......

2475 yrp

475 yrp

/ 72 yrp

Spectral Velocity (m/s)

o
o
=

0.001
0.01 0.1

[N

10
Period (sec)

Figure 9. Comparison of UHRS using different maximmnag-
nitudes in the vicinity of HK for Arup model

4.3 Recent Earthquakes felt in Hong Kong

son of velocity spectra of recorded earthquakeb wit
attenuation relationships used in the Arup and HKU
studies. Figures 12a and 12b shows that the origi-
nal attenuation relationship by Arup study fits the
near-field Dangan Island earthquake quite well. It
also indicates that HKU model gives the lower
bound of spectral values for this near-field earth-
quake. Figures 13a and 13b indicate that the re-
vised attenuation relationship by HKU fits better t
the far-field Taiwan earthquake at short period,
however, the spectral shape for this far-field leart
guake is still quite unexpected with relative lower
spectral values at period more than 0.2 second pe-
riod. Also, it indicates that the recorded earth-
guakes have lower spectral values than both HKU
and Arup models for 0.5 to 1 second periods. It
must be emphasized that comparisons of this type
with a single earthquake event, while being ofrinte
est, are not sufficiently statistically reliable bz
able draw any meaningful conclusions. Many more
events are required.

There are two recent recorded earthquakes which s 0 ven G
were felt by many people across Hong Kong. One is 5% Damping
a near-field earthquake of magnitude 3.5 occurring 71
at Dangan Island on 14 September 2006 about 30km
away from Hong Kong, with an estimated return pe- °©
riod of 25 years. Another one is a far field earth-
guake of magnitude 7.2 occurred near Taiwan abou
670kmaway from Hong Kong, with an estimated
return period of 10 year$he ground motion data
were recorded by the seismic monitoring network
installed by the Hong Kong Observatory. Eight
seismograph stations are situated on good bedroc

5

IN

B\

w

O New York, IBC 2006

7gpectral acceleration ('rﬁfsecZ)

2 ——\Weidlinger Associates
sites within the territory of Hong Kong. Each seis- —=—This study
mograph station is equipped with a robust seis-
mometgr that provides velocity and acceleration put —
puts, with frequency range of 1 to 30 Hz. Detailed o
information of the network can be found in Tam et ° 03 . ,dl( ) 15 2
al. (1997). Figure 10. Comparison of bedrock 2% in 50-year UHR®

The response spectra fitiese two earthquakes spectra for New York (IBC-2006 and Free et al. 2004
have been computed and plotted with the uniform
hazard spectra with different return periods inuég
11. Figure 11 shows that the far field earthquake
event from Taiwan has higher spectral response in
long period range than the near field event in Dan-
gan Island, even though the return period of tars f
field event is shorter. However, the relativelghni
frequency content at short period of about 0.2 sec-
ond period for this far-field Taiwan earthquake is
unexpected. Figures 12 and 13 show the compari-
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0.1 7
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4.4 De-aggregation of Hazard McGuire (1995). Bazzurro & Cornell (1999) discuss
rious methods to carry out de-aggregation includ-

B th ismic h t t _ : .
ased on the seismic hazard study conducted b g the method proposed by McGuire. They discuss

Free et al. (2004), with the use of four attenumatio i : 7
relationships, the hazard results have been dd°%: when determining the relative contribution at

aggregated, in terms of magnitude and distance, gharious distances, the log of the dls_tancg or rme |
ar distance can be used. For a region with disgers

investigate earthquake occurrences that have cofry OISt - .
tributed the most to the resulting ground-motionSe'sm'c'ty such as Hong Kong, it is considered that

hazard. The de-aggregation was undertaken in aé(-)g of distance is more appropriate.
cordance with the procedure recommended by

50% in 50 year (0.2s)

50% in 50 year (2s)

|
| 10-

9% Contibution to Hazard

9% Contibution to Hazard

** Magnitude (M)

| 10% in 50 year (2s)

% Contibution to Hazard
% Contibution to Hazard

25 Magnitude (M)

| 2% in 50 year (2s)

9% Contibution to Hazard

9% Contibution to Hazard

Figure 14. De-aggregation of UHRS at 0.2 and 2c0més for three hazard levels, 50%, 10% and 2%ipear based on seismic
hazard results using four attenuation relationships
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De-aggregation has been carried out for peak horiMoreover, for the seismic hazard results solely
zontal acceleration, and the 0.2, 2.0 and 5.0-skconbased on HKU attenuation relationship, the de-
response spectral ordinates at the three probesbilit aggregation plots, as shown in Figure 15, indicate
of being exceeded. The results of the de-aggragatiothat the percentage of contributions of different
at the 0.2 and 2 second acceleration response speearthquake scenarios for 0.2 second are similar.

tral values are shown in Figure 14.

% Contibution to Hazard

9% Contibution to Hazard

% Contibution to Hazard

50% in 50 year (0.2s)

|
| 2

% Contibution to Hazard

3
2 Magnitude (M)

9% Contibution to Hazard

2% in 50 year (0.2s)

% Contibution to Hazard

However, the percentage of contributions of large
earthquake magnitudes (M > 8.0) events from Tai-
wan is significantly higher in 2.0 seconds for 10%
and 2% chance exceeding in 50 years.

50% in 50 year (2s)

g
25 Magnitude (M)

615
o © Magnitude (M)

7
2 Magnitude (M)

Figure 15. De-aggregation of UHRS at 0.2 and 2comsés for three hazard levels, 50%, 10% and 2%ipear based on seismic
hazard results using HKU attenuation relationship
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6 CONCLUSIONS
5 DISCUSSION OF RESULTS

Probabilistic seismic hazard assessment studies car
The observed seismicity in the region shows that th ried out in recent years for the Hong Kong region
seismic activity is similar to that observed in the have been reviewed. The results of the seismic haz-
Eastern North America and about 50 times less tharmrd assessment are presented in terms of uniform
that in highly seismic areas such as California, Jahazard horizontal response spectra for structwegal p
pan, Taiwan or the Philippines (see Figure 16). Theriods up to 5 seconds for bedrock ground conditions
statistics show that the probability for a largegma  The results are presented for ground motions with
tude event with M > 7, within 100km of Hong Kong various probabilities of being exceeded in 50 years
in 50 years, is around 1.5%. For a moderate sizelo capture the uncertainty in the calculation, tnpu
event, with magnitude M > 6, within 100km of for the probabilistic assessment a range of seismic
Hong Kong in 50 years, the probability increases tosource models, variations of seismic activities and
between 6% to 12%. For a smaller size event, with aseveral different attenuation relationships havenbe
magnitude M > 5, within 100km of Hong Kong in incorporated using the logic tree method. The tesul
50 years, the probability is approximately 60% to have also been compared with those obtained from a
70%. For a very small magnitude event, with M > 4, recently-proposed alternative approach developed in
within 100km of Hong Kong in 10 years, the prob- UHK. The results of comparison are found to be in
ability is greater than 80%. good agreement in general.

In summary, the seismic hazard for Hong Kong The resulting ground motion seismic hazard
on rock sites (for 2% probability of being exceeded shows peak horizontal ground accelerations of 5%,
in 50 years) can be represented by the earthquak&5% and 35% of gravity for the ground motion lev-
scenario of M =6 at R = 30 km, which is the most els with 50%, 10% and 2% probability of being ex-
critical to the seismic performance of the more-vul ceeded in 50 years. The response spectral values in
nerable low rise buildings including soft-storey the medium to long structural period range are
buildings. The alternative scenario of M = 6.5 at R found to be very similar to those published for New
40 km or M = 7.5 at R = 300 km can be used for theYork City at short period range up to around 1.0
assessment of taller buildings. second. Recent recorded earthquakes in Hong Kong

are presented with the uniform hazard bedrock
100 — ground-motion spectra for different return periods.
: Western USA, The seismic hazard has been de-aggregated to de-

Greece termine scenario earthquakes for the three design |
vels. A selection of scenario earthquakes has been

determined ranging from a magnitude M = 6.0 at
Philippines 150 km to a magnitude M = 8.0 at 600km (originat-
ing in the Taiwan region) to represent the reldgive
N\ Taiwan likely ground motion having a 50% chance of being

Hong Kong exceeded in 50 years. For less probable, extreme
Japan ground motions with a 2% chance of being ex-
¥ ceeded in 50 years, the selection ranges from a mag
nitude M = 6.0 event at 30 km to a magnitude M =
7.5 event at 300km.

=
o
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o
- =
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