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CENTROID-MOMENT~-TENSOR SOLUTION
GCMT EVENT: C201102212351A
DATA: II IU CU IC GE G

L.P.BODY WAVES:103S, 224C, T= 40
MANTLE WAVES: 89S, 133C, T=125
SURFACE WAVES: 101S, 209C, T= 50
TIMESTAMP: 0-20110221212041
CENTROID LOCATION:

ORIGIN TIME: 23:51:47.8 0.1

INDO-AUSTRALIAN LAT:43.61S 0.01;LON:172.54E 0.01
DEP: 12.0 FIX;TRIANG HDUR: 2.8
PLATE : MOMENT TENSOR: SCALE 10%*%*25 D-CM
) RR= 1.090 0.015; TT= 0.608 0.016
PP=-1.690 0.014; RT= 0.534 0.039
RP= 0.012 0.037; TP=-1.230 0.014
PRINCIPAL AXES:
1.(T) VAL= 1.608;PLG=44;AZM= 20
2.(N) 0.639; 46; 208
3.(P) -2.240; 4; 114
BEST DBLE.COUPLE:M0= 1.92%10%%25

NP1l: STRIKE=167;DIP=57;SLIP= 32
NP2: STRIKE= 59;DIP=64;SLIP= 143

ECambrian-Devqnian
schist and gneiss

—HERRRRRRRH
Kermadoc B s t st T s

Trenchf - FEBRRRRRRRRRRRRRRAH

% e BERRBREE  RERRRRRRR
________ T T .
________ RERRBRBRE  BRBRBRRRH -
.é?”ff ........ BEBRRRRRBRRRRRRRRRIH =~ —

PACIFIC| = e AN

McQuarrieTrench ~ .~ | o BRRRRRIIRFIH = e e e e mm e e e

BEANE| = = eeeeceeaa L S——

SECMIN SR R R S ] 0000 e S P

HHHRIHHH - -



Chnstchurch

UNIVERSITYOF |
/ CANTERBURY

M 7 Darfield Quake from last September
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Estimated Population Exposed to Earthquake Shaking

Estimated Modified Mercalll |
| - Vi
" 68k

Est. Population Exposure - 161k 94K 54k 245k 65k 0
Percelved Shaking Not Weak  Light Moderate  Strong Very Strong Severe Violent Extreme
Fent
Resistant none none  none  V.Lignt Lignt Moderate Moderate/Heavy  Heawy V.
Potential Heavy
Structure Damage  yyingrable  none none none  Light Moderate  Moderate/Heavy  Heavy V. V.

Heavy Heavy

Population Exposure
Population per ~1 sq. km. from LandScan Structure Information Summary

-____,__ 5000 10000 Overall, the population In this reglion resides In structures that are

; A highly resistant 1o earthquake shaking, though some vuinerable
struciures exist. The predominant vuinerable bulding types are
reinforced masonry and concrete/cinder block masonry
construction,

Historical Earthquakes (with MMI

Date  Dist  Mag MaxMM  Shaking
wrey  m) '
1984.06- 164

24

1990-02- 143

10

1984-06- 100

19

Selected Cities Exposed

MMI - City ‘ Population




http://www.youtube.com/watch!?
v=Wrmj5SUVMyll&feature=youtu.be



http://www.youtube.com/watch?v=Wrmj5UVMyII&feature=youtu.be
http://www.youtube.com/watch?v=Wrmj5UVMyII&feature=youtu.be
http://www.youtube.com/watch?v=Wrmj5UVMyII&feature=youtu.be
http://www.youtube.com/watch?v=Wrmj5UVMyII&feature=youtu.be

From GNS New Zealand (accelerometer data)
M 6.3

18.6 %qg

22.8 %g

29.0 =g

15.5 %g

16.0 %g



From GNS New Zealand (accelerometer data)
M7

23.3 g

29.7 %g

235.8 %q

Peak Ground Acceleration (%qg)
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New Zealand Seismograph network
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From GNS New Zealand - later part of Darfield aftershock sequence

shallow earthquakes within the last 60 days Christchurch
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Strong motion |

Strong motion parameters - peak values, Fourier spectra,
corner frequency
estimating slipped patch size and stress drop

Response spectra - what are they and what are they for



Caleta de Campos
2nd event
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FIGURE 1 North-south component of acceleration at four strong-motion stations that recorded the September 19, 1985,
Michoacan, Mexico, earthquake (M, =8.0). The Caleta de Campos station is almost directly above the hypocenter, the
Zihuatanejo station is near the end of the rupture, 146 km east-southeast of Caleta de Campos, and the other stations are
approximately along a iine between Caleta de Campos and Zihuatanejo. The vertical separation of the traces is proportional
to the separation of the stations on a projection along the strike of the causative fault. All records are aligned in absolute time

after the origin of the earthquake (from Anderson ef al., 1986).
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FIGURE 2 Three components of velocity at Caleta de Campos dur-
ing the September 19, 1985, Michoacan earthquake (from Anderson

et al., 1986).
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FIGURE 3 Three components of displacement at Caleta de Campos
during the September 19, 1985, Michoacan earthquake (from Anderson

et al., 1986).




NGA Data v3.1
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Figure 2 Extreme velocities recorded in free-field
conditions. This set of observations with extreme velocity
records has been drawn from the PEER NGA database. The
peak velocities in this database are the geometric mean of
the two horizontal components. On average, these are
about 75% of the peak vector velocity. From Anderson JG,
Purvance M, Brune JN, and Anooshehpoor A (2005a)
Developing Constraints on Extreme Ground Motions Based
on Seismic and Geological Observations (extended
abstract), 2nd International Workshop, Strong Ground
Motion Prediction and Earthquake Tectonics in Urban
Areas, 25-27 October, 2005, Earthquake Research
Institute, University of Tokyo, Japan, 63-66.



Extreme accelerograms
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Figure 1 Extreme accelerations recorded in the ‘free-field’
or in small structures. The table with extreme records has
been primarily drawn from the COSMOS Virtual Data Center.
Note that these points are all peaks on individual components
of strong-motion records. The peak vector acceleration is not
necessarily recorded, and statistically its median is 25%
greater than the largest horizontal component of a randomly
oriented accelerograph. Expanded from Anderson JG,
Purvance M, Brune JN, and Anooshehpoor A (2005a)
Developing Constraints on Extreme Ground Motions Based
on Seismic and Geological Observations (extended abstract),
2nd International Workshop, Strong Ground Motion
Prediction and Earthquake Tectonics in Urban Areas, 25-27
October, 2005, Earthquake Research Institute, University of
Tokyo, Japan, 63—-66.
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Abrahamson & Silva (1997)
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FIGURE 7 Peak acceleration as a function of magnitude and dis-
tance from the fault, as given by the ground-motion prediction equation
of Abrahamson and Silva (1997). |
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Spectra of accelerometer records
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8564 THATCHER AND HANKS: SouUTHERN CALIFORNIA EARTHQUAKES

o
~ ! T lf
x xo o
1) xeg ** o L
ol x o,
- (+] o ox x
x x x
a ° o °.’& X . »
o X X o
ol ° ° x &° ® o : .
g & X O o 0OF X o
— o 0 e o_0 ©
= ° e oD o
x s°° 88‘ iu °.. °ﬂ °
g- o o ‘.oo o ° e o =
. ® ¢ o B
o o o
9. S
L X ] 8
ol . o
(2] Y o
°
o] [ 1 1
~
=10 0.0 20 3

1.0
LOG STRESS DROP(BARS)

Fig. 9. Local magnitude varsus log stress drop. Open circles represent earthquakes in off-
shore province and San Andreas fault; solid circles, in Transverse Ranges; squares, in Kern
county ; crosses, in other southern California locations.
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Now we impose the ground motions from an
earthquake to the base of our elastic system




» Single-degree-of-freedom oscillators

time, sec

Vibration Period

T
T=,/—
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Base excitation
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Response of a 1 second period system

Absolute acceleration response (m/s?)

Relative velocity response (m/s)

Relative displacement response {m)

Damping, £ = 5%
Base acceleration (m/s?)
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Displacement spectra
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Velocity Spectra
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Acceleration spectra
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Log log plot of velocity spectra
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“El Centro™, 1940 record
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FIGURE 6 Pseudo-relative velocity response spectrum determined

from the north-south component of acceleration recorded at Caleta de
Campos during the September 19, 1985, Michoacan earthquake.
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Figure 30 Ground motion predictions of Abrahamson and Silva (1997) for acceleration response spectra (SA) with 5%
damping. The acceleration response at the oscillator frequency f;, gives the peak response of a damped single-degree-of-
freedom oscillator to the accelerogram. Because of its usefulness for approximating the response of a simple structure, SA is
commonly used in engineering seismology instead of the Fourier spectrum (FS). At high frequencies, SA is assymptotic to
peak acceleration, in contrast to the Fourier amplitude spectrum that falls off rapidly. At low frequencies, the assymptote is
controlled by the peak displacement on the integrated accelerogram. At frequencies between those controlled by the
assymptotes, SA is related to (27 fo)FS(fo) (Udwadia and Trifunac, 1973). At the bottom, the figure shows the standard
deviation of the prediction equations, in natural logarithm units. In this model, the standard deviation is the same for both soil
and rock sites, and the standard deviation for M,,, =7 is the same as for M,,, =8.
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where the radiation pattern terms are

AN = 9sin20 cospi — 6(cos 26 cos@h — cos @ sin pP)

A" = 45in20 cospf — 2(cos 26 cos @ — cos O sinpP)

A® = —35in 260 cos ¢f + 3(cos 20 cos @B — cos 6 singP)

AFP = 5in 26 cos ¢#

A = (cos 26 cos 98 — cos@ sin pP).
(9)



