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Bam Earthquake of December 26, 2003,
Mwé6.5



NASA Image,
December 2003
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Spectral Acceleration - g

Bam earthguake of 26/'12/2003, Mwb.5, comparison of
Horizontal (FN: fault normal, and FP: fault paraliel) and Vertical
components (for 5%sdamping)
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A Satellite image of Arg-e

Bam. the day after
R carthquake (27/12/2003)
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Legend for the damages to different places of Arg-e Bam — Due to
the 26/12/2003 earthquake , Mw®6.5,

(Numbers are given on the satellite image) Damages are roughly assessed by Dr Mehdi ZARE
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® oOne of the main sources of drinking and agricultural water at Bam area is underground irrigation systems called
Qanats. Most of the Qanats of the area have been damaged due to Bam RBarthquake. In some cases the collapse of some
of theses Qanats caused severe damages to the building and lifelines. Bam EBarthgquake has considerable effects on a
lot of Qanats that excavated at the Bam area and its vicinity. Based on the preliminary evaluations, about 40

percents of these Qanats have been collapsed or experienced severe damages due to the earthquake. In some cases
the collapse of the Qanats stopped the water flow completely.

The area of Qanats have occurred in IX level of INQUA intensity scale.




Macroseismic Intensity Map USGS
ShakeMap: 64 km NNW of Bandar Abbas, Hormozgan, IR
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SHAKING |Not felt| Weak | Light | Moderate | Strong | Very strong Severe Violent | Extreme
DAMAGE | None | None | None |Very light| Light Moderate |Moderate/heavy | Heavy |Very heavy
PGA(%g) [<0.0464] 0.297 | 2.76 6.2 11.5 21.5 40.1 74.7 >139
PGV(cm/s) |<0.0215{ 0.135| 1.41 4.65 9.64 20 41.4 85.8 >178
INTENSITY 1 n-m | v Vv Vi vit | v X X
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Emergency Response Coordination Centre (ERCC) DG ECHM0 Dally Mag

Iran | Earthquakes of 14 November
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Seismotectonics of the Zagros (Iran) From Orogen-Wide, , Calibrated Earthquake Relocations,

Ezgi Karasozen , , Edwin Nissen, , Eric A. Bergman , , and Abdolreza Ghods (2019) Journal of
Geophvsical Research: Sqlig £arth
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Figure 3. Calibrated epicentral locations in the southeastern Zagros, colored by time and scaled by magnitude. Where
thev are available (from the references listed in Table S2). teleseismic focal mechanisms are plotted at their relocated
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marine terraces for calculating shoreline uplift rates
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Unilateral -

S-wave

The varishility of P- and SH-wave amplitude for a propagating fault {from left
ta right). For the column on the left v./ v =0.5, while for the column on the right v,/ v, =0.8.
Note that the effects are amplified as rupture velocity approaches the propagation velocity.
{(From Kasahara, 1981.} '



SH Radiation Pattern for Vertical Strike-slip
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Causes of Velocity Pulses
Directivity:
« Related to the direction of the rupture

front
— Forward directivity: nupture toward the site

(site away from the epicenter)
— Backward directivity: rupture away from the site
(sife near the epicenter)

Fling:
« Related to the permanent tectonic
deformation at the site
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Velocity Pulses

« Dhrectivity
— Two-sided velocity pulse due 10 constructive

interference of SH waves from gensrated from
parts of the rupture located between the site and
spicenter; affects fault-normal component

— Dccurs at sites located close to the fault but away
from the epicenter

« Fling

— Cine-sided velocity pulse due o tectonic
deformation; affects fault-parallel component

— Decurs at sites located near thea fault rupturs
independent of the epicenter location



Characteristics of Near-KField Motions

m Forward Directivity: rupture towards the site and 1s
characterized by a two-sided velocity pulse(s) in the fault-
normal direction

m Fling Step: characterized by one-sided velocity pulse in
the same direction as the ship on the fault

STRIKE SLIP DIP SLIP
(Map View) (Cross Sectian)

Faull Fing Step




Average Response Spectra
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- Collaborate ~ ﬁ Secure ~ / Sign v @ Forms ~ B Multimedia ~ ‘9 Comment v

L -
PGA PGV PGD  Fling Disp.

No. Year  Earthquake Mw Mech? Station Comp. Source” Site Class  (g) (cm/sec) {cm) (cm)
a) Far-Fault Recordings

1 1952 Kern County 7.5 TH/REV Taft 111 | Soil 0.18 17.50 8.79 —

2 1979  Imperial Valley 6.5 SS Calexico 225 1 Soil 0.27 21.24 9.03 -

3 1989 Loma Prieta 7.0 OB Presidio 00 1 Soil 0.10 12.91 432 —
Bl 1989 Loma Prieta 7.0 OB Chiff House 90 1 Stiff soil 0.11 19.79 5.02 —

5 1992 Big Bear 64 SS Desert Hot Spr. 90 2 Soil 0.23 19.14 4.53 —

6 1994 Northridge 6.7 TH Century CCC 90 2 Soil 0.26 21.19 7.85 —

7 1999 Kocaeli 74 SS Ambarhi EW (90) l Soil 0.18 33.23 25.85 —
b) Near-Fault Recordings (Forward-Rupture Directivity)

l 1989 Loma Prieta 7.0 OB LGPC 00 | Stiff soil 0.56 94 81 41.13 —

2 1980 Loma Prieta 7.0 OB Lexington Dam 90 1 Stiff soil 041 94.26 36.66 —

3 1992 Cape Mendocino 7.1 TH Petrolia 90 1 Stiff soil 0.66 90.16 28.89 —

B 1992 Erzincan 6.7 SS Erzincan EW l Soil 0.50 64.32 21.93 —

5 1994  Northridge 6.7 TH Rinaldi 275 2 Soil 0.84 174.79 48.96 —

6 1994 Northridge 6.7 TH Olive View 360 1 Soil 0.84 13037 31.72 —

7 1995 Kobe 69 SS KIMA 00 1 Stiff soil 0.82 81.62 17.71 -
c) Near-Fault Recordings (Fling-Step)

1 1999 Kocaeli 74 SS Sakarya (SKR) EW 3 Stiff soil 0.41 82.05 205.93 186.76
2 1999 Kocaeli 74 SS Yarimca (YPT) NS 3 Soil 0.23 88.83 184.84 145.79
3 1999  Chi-Chi 76 TH TCUOS2 NS 4 Soil 044 21600 709.09 697.12
4 1999 Chi-Chi 7.6 TH TCUO6R EW < Soil 0.50 27756 715.82 601.84
5 1999  Chi-Chi 7.6 TH TCUO74 EW 4 Soil 0.59 68.90 193.22 174.56
6 1999  Chi-Chi 7.6 TH TCUO84 NS - Soil 0.42 42.63 64.91 5943
7 1999  Chi-Chi 76 TH TCU129 NS 4 Soil 0.61 54.56 82.70 67.54

Faulting Mechanism=TH: Thrust: REV: Reverse: SS: Strike-slip: OB: Oblique
‘Data Source=1: PEER (http://peer.berkeley.edu/smcat); 2: Cosmos (http://db.cosmos-eq.org): 3: ERD (http://angora.deprem.gov.tr/); 4: http://scman.cwb.gov.tw/

qvS/special/ 1999092 | /pgadata-asci0704. htm

Note: Original fling ground motions from data source (3) and (4) were reprocessed.



Spectral Acceleration - g

Bam earthguake of 26/'12/2003, Mwb.5, comparison of

Horizontal (FN: fault normal, and FP: fault paraliel) and Vertical

components (for 5%sdamping)
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Influence of Fault Mechanism on the

Fling Step at 1.472 site

Basic analysis
A4 = ———= Fault strike 231 .5°
-ee-e=- Eault strike 236.5°
j i e s e e AR g s T p s P e O Sy gy N gy B BNy W my @ Nl e pTE

I
=D O

Displacement (m)

I
o

0 20 40 60
Time (sec)




Influence of Fault Mechanism on the

Fling Step at 1.472 site

— Basic analvsis |

B ’ — Basic analvsis = _
2 < _ e e - Rake angle 150° |
T — Fauli dip 70° o
.-E |::, = = = = = 5
= =
B2 o oET— 1 B
= i — i e
-4 | | | i

Time (sec) Time {sec)

For basic analysis:

Fault dip 90°
Rake angle 180°



Influence of Depth to top of Fault and
Stress Drop on the Fling Step at 1L.472 site

"
= . — Basic analysis = — Basic analysis
= - T —— Depth 3km — 0 Y - Stress drop 100 bars
§ L e E { - — Stress drop 175 bars
-::ll._: l ) § -H.‘.F."_\'_:_..l'r..l-l:._._..........l-u_. SRR
= 2 - o
= a "
_3. I 1 1
0 20 40 60 S0
Time (sec) Tumme (sec)

For basic analysis:

Depth 1Ikm
Stress drop 150 bars
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Fupiurs diresction
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Srownmd Displacesrment

Backward directiwvity
Rupiure dreciion

5(5555;[;;;;5(;;;5(51' § e P —

The arsas umnder the far-field displacse=rmant
pul==s are egual, but the ampludes

and duratioms differ. This has major

=ffecis on the ground wslodty and acoe'sraton.

Effect of Directivity on Response Spectra

/_ N Towards
- N

From USACE, 20C0



Effects of Fling and Directivity

« Directivity can cause amplification of
motions for sites close to the fault
rupture.

* Unclear as to engineering significance
of fling.

« Current attenuation relations do not
include these effects.



forwurd dicectiviry

region

backward directivity
region

1992 1 .anders earthquake in Southern California
(Strike-Slip Earthquake)




1992 I.anders earthquake - Lucerne Records

Fault-normal: double-sided velocity pulise; small permanent displacement
Fault-parallel: single-sided velocity pulse; large perrmanent displacements




Effects of Forward Rupture Directivity

Increase the amplitude of
intermediate and long
period ground motion

Fault-normal component
1s larger than fault-
parallel component at
intermediate and long
perniods

M=72

-T— - - . - - . »
Distance=0 lom.; Site=rock

Semudation
*  Fowdir Normal
. S
- - Fosdt Poralied
Empirical Modet
Average
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PGV (cnzlsec)

iy em 5 D08 gla sl)l g 0,65,
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« Non-damaging events(168)

* Average of each non-damaging event (21) o
* Damaging events (40) v
X Average of each damaging event (5) *Chl-C’ i =

PR Linear regression over 26 events
. log(PGV)=0.832 log(Pd) + 1.481
SOV=0.174
LRRL | LA R B R | L R R R | T T TTTTIT
0.01 0.1 1 10

Pd, Displacement (cm

8

PGV (Sm/sec)

« Non-damaging events(168)

% Average of each non-damaging event (21)

= Damaging events (40)

v Average of each damaging event (5) v

= -
-
A
= - ail Linear regression over 26 events
o A . A log(PGV)=1.260 log(Pa) - 1.288
il . 3 SDV = 0.289
L) ] lllll'l T T Illlll' L LB B RA
1 10 100

Pa, Acceleration (gal)
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PGV (cm/sec)
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- Non-damaging events(168)
W Average of each non-damaging event (21)
* Damaging events (40)

.

100 =
- f i 5
= Y Average of each damaging event (5) + Chi-Chi
— - wah s
—d -
10 =
=
e
-~
—
| = i
- " ) /’ Linear regression over 26 events
- - log(PGV)=1.066 log(Pv) + 0.681
1B - SDV = 0.182
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Pv, Velocity (cm/sec)
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PGV(cm/s)
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PGV 4 Pd b,

log(PGV)=0.88363log(pd)+0.6679
SDV=0.34974 |
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Pd,Displacement(cm)



PGV(cm/s)

10

10

10

PGV 4Pa cal,

log(PGV)=-0.37622log(pa)+0.506541

SDV=0.34273
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figure from Allen 2011
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P-wave arrival
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Hundreds of small earthquakes happen every day, so waming systems
identify the big ones by checking the shape of the P-wave. Small quakes
have a short, sharp pulse (biue armow), whereas big quakes announce
themselves with a high-amplitude low-frequency jolt {red amow).
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Warning systems combine signals from a network of seismic stations to
corelate big jolts and identify the epicenter. The system then sends an
electronic alert ahead of the S-wave. As more stations detect shaking,

magnitude and epicenter predictions become more refined.
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