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Summary. This paper studied the effects of Coulomb stress in understanding the proximity to
failure on the Palu-Koro fault system. An earthquake occurred on a large strike-slip fault in the
northern part of Sulawesi Island, Indonesia, on September 28, 2018. Coulomb stress increased by
approximately 1 bar, corresponding closely to the locations of aftershocks and areas where stress
dropped by more than 10 bars. Based on the focal mechanisms of the aftershocks and source mod-
els of the main shock, the Coulomb failure stress changes on both of the focal mechanism nodal
planes are calculated. Additionally, we calculated the changes in Coulomb stress on the focal
sources of each aftershock. Our stress model indicates a positive correlation within the areas of the
extended Coulomb stress caused by the combination of seismic activities. We investigated the
Coulomb stress as a possible origin for the aftershocks, which are most likely to slip optimally ori-
ented for failure due to the local stress field generated by the mainshock. The Palu 7.5 earthquake
led to the distribution of surface displacements. Moreover, calculated horizontal displacement in-
creased in the NW-SW direction, ranging from 1 to 1.3 meters. The stress maps included in this
paper are crucial in predicting the expected locations of future aftershocks and mitigating the po-
tential for earthquakes.
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Introduction since the 18th century. Many of these seismic events

Shallow earthquakes frequently exert destruc-
tive effects on nearby communities. Historically, this
region has witnessed numerous large earthquakes
with a magnitude of 6 and above, and extensive rup-
tures spanning over 250 km throughout the past cen-
tury. Notably, the largest earthquake took place on
January 1996, ~ 100 km north of the earthquake that
occurred on September 28, 2018. This 1996 earth-
quake transpired in the regional subduction zone at a
shallow depth causing fatalities, substantial property
damage, and numerous injuries in the surrounding
area (Source: USGS). It's essential to acknowledge
that central Sulawesi has been recording earthquakes
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were catastrophic and were followed by tsunamis.
Historically, Palu Bay witnessed a significant seis-
mic event in 1927 that released a huge tsunami with
a height of 15 m. In a similar event nearly seven
decades later, Donggala was struck in 1996 by a tsu-
nami with wave heights ranging between 1-3 m.

On September 28, 2018, a moment magnitude
7.5 earthquake struck the northern region of Palu,
Sulawesi (Fig. 1). The mainshock occurred at a shal-
low depth on the Palu-Koro fault located within the
interior of the Molucca microplate on the Sunda tec-
tonic plate. The earthquake's focal mechanism solu-
tion indicates that it was caused by a strike-slip on



B.Ahadov, Sh.Jin /| ANAS Transactions, Earth Sciences 2 /2023, 14-25; DOI: 10.33677/ggianas20230200099

faults trending both north-south and west-east. This
seismic event took place on the Palu-Koro fault with
an approximate rupture length of 150 km. The earth-
quake resulted in significant damage to buildings
and infrastructure leading to thousands of fatalities
and even more injuries. The aftermath of this event
included ground shaking, landslides, and a tsunami,
all contributing to the catastrophic impact.
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Fig. 1. Simplified topographic map of the study area. High-
lighted dots are earthquakes M,, > 4 seismicity from ISC
(1976-2018)

The concept of static Coulomb stress changes,
induced by a primary earthquake, can potentially
trigger subsequent earthquakes along neighbouring
faults. Therefore, changes in earthquake stress can
be employed in the evaluation of potential seismic
hazards (King et al., 1994; Ahadov, Jin, 2019). The
stress change and its effects associated with the Lo-
ma Prieta, California shock have been the subject of
numerous studies (Lin, Stein, 2004; Reasenberg and
Simpson, 1992). Hardebeck et al., (1998) applied the
Coulomb stress transfer model to examine the im-
pacts of the Landers and Northridge earthquakes.
However, comparing co-seismic stress changes with
earthquakes represents a significant oversimplifica-
tion of the complex natural processes involved in
earthquake triggering. Coulomb stress changes in-
duced by the main shock are evaluated by calcula-
ting the stress variations across both optimally ori-

ented and specific fault planes. The results from
these calculations suggest that there is no clear evi-
dence that the Coulomb stress changes created by
the main shock facilitated the occurrence of the af-
tershocks.

We analyzed the correlation between compo-
nents of the comprehensive Coulomb failure stress
to understand the process of earthquake triggering
accurately. We utilized stress interaction methods to
determine how the earthquake affected the potential
for failure along the Palu-Koro fault. These findings
are applied to assess the acceleration or delay of fu-
ture earthquakes in Palu, Sulawesi.

Tectonic Setting

Sulawesi Island is located among the Philippine,
Australian, and Sunda plates and surrounds the conti-
nental convergence sections of the Sunda margin. The
triple junction in Southeast Asia is highly seismically
active and is characterized by active rotations of small
blocks reported by both geological and kinematic stud-
ies (Kreemer et al., 2000; Silver, Moore, 1978; Simons
et al., 2000; Stevens et al., 1999; Walpersdorf et al.,
1998) (Fig. 2). The main active structures in Sulawesi
are the Palu-Koro fault and its south-eastern extension
to Matano. The Palu-Koro fault divides the islands into
two blocks: the North Sula Block to the northeast and
the Makassar Block to the southwest (Fig. 2). GPS and
block modelling data suggest a slip rate of 42 mm/year
in the area of the Palu-Koro fault (Socquet et al., 2006).
A significant active structure on land in the west of
Central Sulawesi is the NW-SE trending Palu-Koro
strike-slip fault, which forms the boundary between the
Makassar and North Sula blocks (Kreemer et al.,
2000). The slip velocity on this fault is estimated to be
within the range of 30-40 mm per year (Bellier et al.,
2001). Certain parallel fault strands determine the mar-
gins of a pull-apart basin in Palu.

The Australian and Philippine plates are sub-
ducting beneath the Sunda plate at rates between
75-90 mm/year (Socquet et al., 2006). The W-E
trending plate boundary zone extending from the
New Guinea Trench to East Indonesia, establishes
the relative motion between the Pacific and Australi-
an plates via block rotations and transgression fault-
ing (Tregoning et al., 2000; Wallace et al., 2004).
The subduction of the Australian plate beneath the
Sunda plate occurs at the Sunda-Banda Arc. The
Java Trench extends from the collision in Australia
to approximately 600 km south of Sulawesi. Specifi-
cally, the southwestern part of Sulawesi rotates
counter-clockwise in relation to the Sunda Plate,
while the North Sula Block and the northeastern
Manado Block rotate clockwise towards the NNW.
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Fig. 2. Simplified topographic/bathymetric and tectonic setting
map of the study area. Major active tectonic structures and
faults are shown. The focal mechanism solutions are from the
Global Centroid Moment Tensor (GCMT, black) and Interna-
tional Seismological Centre (ISC, blue) catalogs. Red balls are
M,, = 7,1976-2019.

Method

Coulomb Failure

While statistical seismology often provides
probabilities for aftershock locations and timings,
accurate prospective earthquake predictions demand
a physical understanding of earthquake distribution.
Comprehending how static stress accumulates over
time through tectonic plate movement or co-seismic
and post-seismic slip may serve as a foundation for
determining  earthquake  probabilities  over
timeframes that extend beyond typical aftershock
duration periods (Strader, 2014).

Variations in the Coulomb failure stress due to
the mainshock are resolved onto the fault plane of
the affected earthquake using strike, dip, and rake
angles in the stress calculations. Future failure areas
have been identified by the increased effects of the
Coulomb stress.

Aoy = At — p' Aoy, €))

where At and Ao, are the change in normal and
shear stresses on likely future fault planes. The ef-
fective coefficient of friction denoted as u takes into
account the effects of changes in pore pressure and
typically ranges from 0 to 0.8 (Roeloffs, 1988). The
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confining stress can be related to fluid pore pressure
by Skempton's coefficient, B, which quantifies the
ratio of the change in pore pressure in a cavity to the
change in applied stress. The Coulomb stress is con-
tingent on the accuracy of the initial earthquake pa-
rameters. Minor variations in fault geometry and slip
distribution can lead to significant alterations in
Coulomb failure stress.

We used Coulomb 3.4 software (Lin and Stein,
2004; Toda et al., 2005) to compute the co-seismic
static stress changes resulting from the magnitude
7.5 Palu earthquake on optimally oriented faults. In
our model, the Earth was presumed to be a homoge-
nous elastic half-space, and faults were treated as
rectangular dislocations. To accommodate these as-
sumptions, we considered values for Young's modu-
lus, shear modulus, and Poisson’s ratio were consid-
ered as 8x10° bar, 3.2x10° bar, and 0.25, respec-
tively. We utilized an empirically value of 0.4 and
0.6 for the effective friction coefficient (1"). To es-
timate the average slip for an earthquake, we applied
empirical relationships from Wells and Coppersmith
(1994) which correlate event rupture length, width,
magnitude, and surface displacement.

Stress Inversion

The stress variations have been projected onto
the optimally oriented mainshock strike-slip, thrust,
and normal faults using the regional stress field de-
fined in this study. The stress inversion method de-
veloped by Michael (1984) provided definitions for
normal and shear stresses on a fault o,, and:

o, = Tini = Tijninj (2)

TNi = Ti —opn; = Tijnj — Tjknjnkni =

= Ty jny (6]k - nink) (3)

where &;; is the Kronecker delta, T is the trac-
tion along the fault, n is the fault normal and N is the
unit direction vector of shear stress along the fault.
Afterwards, equation (3) is revised as follows:

Tpjn (8 — mymy) = TN . 4)

Michael (1984) employed the Wallace-Bott the-
ory and defined the shear stress direction denoted as
N with the slip direction s of shear movement along
the fault. He further proposed that the shear stress T
on active faults maintains a consistent ratio across
all studied earthquakes. Subsequently, equation (4)
is represented in matrix form:

At =s (5)

where t represents the vector of stress components.
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t = [111T12T13T22723]" (6)

A is the 3 x 5 matrix calculated from fault nor-
mal n,

ny(n3 +2n2) n,(-n?+n%) ny(—2n —nd)|

ny,(1-2n?) n;(1-2n?) —2n;n,n3

n;(1 — 2n?) —2n;n;n; ny(1-2n3) | (7)

n,(—n% +n?) np(nf+2n3) nz(—nf-2nj)
—2n;n,n; n; (1 — 2n?) n,(1 — 2n3)

The degree of correlation hinges on several fac-
tors: the precision of source/receiver hypocentre lo-
cations and focal mechanism parameters, as well as
physical source characteristics. Michael's algorithm
employs both nodal planes to try to identify the ex-
act fault planes while determining the optimal stress
tensor. A key feature of the algorithm is the calcula-
tion of the confidence limits of the principal stress
axes directions, which is performed through a statis-
tical method known as bootstrap resampling. The
algorithm seeks to minimize the discrepancy be-
tween the slip direction and the projected tangential
traction while maintaining a consistent and signifi-
cant magnitude of tangential traction across various
fault planes. Although it is somewhat conjectural,
the use of a simple fracture criterion suggests keep-
ing the tangential traction similar from one fault
plane to another. This fracture criterion further im-
plies that the isotropic component of the stress ten-
sor dominated the normal traction on the fault
planes.

Results and Discussion

Local stress inversion

Over the past 30 years, it has been widely ac-
cepted that the location and timing of recurring
earthquakes (aftershocks) are largely influenced by
stress changes resulting from displacement due to
the main shock. Interest in the issue of the effect of
stress changes on subsequent seismic activity was
triggered following minor events 17 years before the
1992 earthquake near Landers, California (USA)
with M 7.4 led to a stress increase at the epicentre
and along the majority of the future rupture line
(Stein et al., 1992). Furthermore, the majority of af-
tershocks occurred in the area where an increase in
stress was observed. Multiple studies have since dis-
covered a quantitative correlation between static
voltage changes and the location of subsequent ma-

jor shocks and aftershocks (Harris, 1998; Steacy et
al., 2005; King, 2007; Hardebeck, Okada, 2018).

Alterations in Coulomb stress are derived from
displacements associated with corresponding earth-
quakes. These displacements induce perturbations in
the stress tensor within the fault, potentially leading
to both shear and normal components. An increase
in shear stress, contemporary with the displacement
direction, and a decrease in normal stress collective-
ly enhance the probability of future failure.

Numerous methods have been proposed to de-
termine tectonic stress from earthquake focal mech-
anism solutions. The most commonly used methods
were developed by Michael (1984) and Gephart and
Forsyth (1984). These methods typically assume that
tectonic stress is homogeneous within the region, that
earthquakes occur on pre-existing faults with varying
orientations, and that the slip vector aligns with the
shear stress direction on the fault. In this study, we
have used Focal Mechanism Solutions (FMS) from
Harvard CMT (Ekstrom et al., 2012) and Internation-
al Seismological Centre (ISC, http://www.isc.ac.uk)
for our region of interest (Fig. 2).

Michael (1984) proposed determining the stress
that minimizes the discrepancy between the resolved
shear stress and the slip direction for each dataset.
These algorithms outline the directions of the three
principal stress axes, as well as the relative magni-
tudes of these stress axes. In this context, o1, 02, and
03 indicate the maximum, intermediate, and mini-
mum principal compressive stresses, respectively.

The defining feature of the stress field is its util-
ity in outlining deformation zones and active tecton-
ic structures at local and regional levels. We created
two distinct datasets of focal mechanisms, one from
GCMT and another from ISC to assess the capability
of stress ratio R under varying stress conditions. We
performed stress inversion on these fault planes us-
ing the same process developed by Vavrycuk
(2014). The R-values for all zones fall within the
range of 0.3 to 0.7 indicating that the magnitude of
the intermediate principal stress (02) is relatively
close to midway between the magnitudes of the o1
and 03 axes (when R = 0.5). The inversion results
demonstrate that the maximum principal stress (o1)
is oriented in the NW-SE direction while the mini-
mum stress axis (03) strikes in the NE-SW direction
and is sub-vertical. The intermediate principal stress
(02) is trending sub-horizontal for the Palu region
(refer to Table, Fig. 3).

Comparison of stress tensor inversion results for the region

Region

o4(tr)

o,(pD)

0,(tr)

o2(pl)

o3(tr)

o5(pl)

Phi (R)

Palu

293.6

35.5

114.6

54.4

24

0.5

0.51+0.03
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Principal stress and P/T axes

Confidence of principal stress axes

Fig. 3. The map represents the P and T axes of the focal mechanisms and dots delineate the distribution of the stress
axis within the 95% confidence range. Azimuth (Az) and plunge (PI)

Coulomb stress

We studied the Coulomb stress hypothesis for
the 2018 Palu earthquake in Indonesia using focal
mechanism solutions as receiver faults in the Cou-
lomb stress pattern. The correlation between the
Coulomb stress and seismic activity generated by
the Palu event and preceding incidents suggests
regions at risk for significant future events. The
main shock was preceded by foreshocks starting
about three hours earlier with an event located
south of the epicenter. The Coulomb stress patterns
were calculated at a depth of 10 km due to the main
shock.

The stress model depicts four distinct lobes of
increased Coulomb stress and four lobes of Cou-
lomb stress reduction (Fig.4). The extended lobes
are located at the end of the fault, while the re-
gions of decreased Coulomb stress host the other
lobes. The distribution of aftershocks aligns with
these patterns. A Coulomb stress change of less
than 1 bar is sufficient to trigger events, while the
same amount can effectively suppress them (King
et al.,, 1994). The largest lobe of the decreased
Coulomb stress is centered on the epicenter of the
rupture plane, where stresses dropped by approxi-
mately 11 bars. The stresses generated by earth-
quake slip can cause fracturing, and the resulting
stress increases can lead to further earthquakes.
Most of the aftershocks have occurred in areas
where the Coulomb failure stress has increased by
> 1 bar, and a significant number of aftershocks
are located where the stress has decreased in the
E-S direction (Fig. 4).
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Coulomb stress models are calculated on an op-
timally oriented fault plane using local stress results.
The calculation results of the optimum orientations
and Coulomb stress changes are presented in Figure
4 (b, c, and d). Negative Coulomb stress changes
dominate within the rupture area, while positive
stress changes are observed in the northwest and
southeast parts of the rupture. In the case of normal
faulting orientation (Fig. 4d), most of the aftershocks
concentrate in the area of positive stress change, ex-
cept for a few earthquakes in the rupture zone where
negative stress changes were observed. The lobed
models of stress variation using local stress adjust-
ments encompass large areas of negative change that
dominate towards landward and offshore of the main
rupture with positive stress changes occurring in the
SW-NE direction inland and offshore in the case of
an optimum thrust faulting (Fig. 4c).

The vertical cross-section confirms that the fault
plane is associated with the mainshock (Fig.5). The
aftershocks occur in regions of negative stress
changes and some are located in areas of positive
stress changes. The vertical cross-sections provide
extended data on the stress distribution in strike-slip
faulting situations as seen in Figure 5. The study of
the stress produced on a cross-section reveals that
the Coulomb stress increase occurs in the areas
where aftershocks were located at different depths. It
can be seen that the region towards C-C’ is more
likely to have aftershocks due to increased stress
accumulation. There are possibilities that the after-
shocks might have propagated towards the south,
and the most probable direction is towards the
southeast.
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Fig. 4. Map shows Coulomb stress changes caused by the 2018 Palu earthquake calculated over the optimally oriented (a) strike
3489, dip 57 rake -15° (gCMT) (b) strike-slip faulting (c) thrust faulting and (d) normal faulting. The highlighted dots denote the

epicenters of the M > 4 aftershocks (USGS)

The assumed value for effective friction contri-
butes to the calculated Coulomb stress changes, and
thus the correspondence of Coulomb stress changes to
aftershock distributions. Typically, studies aim to
identify the effective coefficient of friction that leads
to the best fit of aftershocks using this technique to
infer frictional strength. King et al. (1994) found that
adjustments to friction only had noticeable effects on

aftershock correlations and thus preferred to use the
value of 0.4. Moreover, Coulomb stress changes are
calculated at different depths and friction values from
a finite fault modelling result (USGS, us1000h3p4).
The occurrence of several aftershocks in an area of
the calculated Coulomb stress decrease may be due to
the oversimplification of the fault slip, heterogeneities
of crustal characteristics, or orientations of the fault.
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Fig. 5. Vertical cross-sections oriented perpendicular to the
strike of the fault modelling during the 2018 Palu earthquake
along lines P1 (A-A’), P2 (B-B’) and P3 (C-C’)

Figure 6 illustrates the effects of static stress
when the friction coefficients are at typical values of
0.4 and 0.6. For different values a distinct level of
difference is observed in the number of triggered
aftershocks when the coefficient is 0.6 at a depth of
15 km, and 30% of the aftershocks occur in the areas
of increased stress. The static Coulomb stress trig-
gering effect does not improve significantly with
variations in the friction coefficient value. Co-
seismic Coulomb stress change calculations have
effectively described aftershock distributions follow-
ing the 1995 Kobe, Japan earthquake (Toda et al.,
1998), and the 1989 M = 7.1 Loma Prieta earthquake
(Reasenberg, Simpson, 1992). The presence of sev-
eral aftershocks in areas of the decreased Coulomb
stress may result from oversimplifications of mod-
eled fault slip or the existence of faults with different
orientations. The application of Coulomb stress
changes to explain aftershock distributions challeng-
es the long-standing theory that earthquakes occur
randomly.
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Displacement and Strain rate

Therefore, considering all of the above men-
tioned, we calculated the average slip distribution
from empirical relationships between average slip
and magnitude. The earthquake struck the island of
Sulawesi, approximately 78 km north of Palu. The
earthquake triggered a tsunami that was 4 to 7 m
high, which affected the coastal areas of western
Sulawesi, including Donggala and the city of Palu.
We created a displacement map that reveals vertical
and horizontal surface movement across the entire
fault. Figure 7 presents the results of calculations of
the seismic displacement of the Earth caused by the
earthquake. The fault extends to the southeast, and
the most substantial horizontal displacement mainly
occurs in the NNW and SW parts of the fault. Hori-
zontal displacement in the north-south direction is
larger than the displacement in the southwestern di-
rection. The red color indicates positive displace-
ment (elevation), while blue represents negative dis-
placement. This map aids in understanding the type
of faulting associated with an earthquake. Figure 8
demonstrates that the rupture from the Palu earth-
quake has the vertical displacements are approxi-
mately 2 m offshore in the NW direction.

The release of strain between events is what
triggers earthquakes. In this study, we tried to under-
stand the distribution of strain caused by the Palu
earthquake. The strain tensor is calculated concern-
ing six components: three normal and three shear
strain components. The normal components of strain
are oriented towards the x, y, and z directions. Figure
8 shows that aftershocks predominantly accumulate
negative strain in various directions. However, not
only negative strain significant for a future shock,
but positive strain changes can also induce future
events. A positive change in Coulomb stress in the
future could be substantial enough to alter the level
of strain on the regional fault, potentially causing
rupture. Our analysis determined that the strain maps
of the earthquake demonstrate a response that is
roughly similar to that of the Coulomb stress indicat-
ing the accumulation of strain along the SE direc-
tion.

Conclusion

Assessing the Coulomb stress associated with
earthquake slip has been confirmed to be an essential
means of understanding diverse seismic phenomena.
Such calculations have successfully illustrated after-
shock distributions, the locations of triggered earth-
quakes, stress increases at the edges of a ruptured
fault, and off-fault lobes of stress increase. Areas of
Coulomb stress decrease have also been identified to
align with regions of minimal aftershock activity.
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Fig. 6. Illustration of Coulomb stress changes based on Gavin Hayes’s finite fault model (USGS/NEIC). (a) Depth: 10 km; p 0.4, (b)
Depth: 15 km; p 0.4, (c) Depth: 10 km; p 0.6, (d) Depth: 15 km; p 0.6
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In this research, we focused exclusively on static
stress changes transmitted from the co-seismic fault
slips of the main shock. We examined Coulomb
stress changes associated with the 2018 Mw7.5 Palu
earthquake. The stress model maps demonstrated a
correspondence between the main shocks and the
observed spatial distribution of aftershocks. These
aftershocks were found to be influenced by their rel-
ative locations to the rupture plane and source
mechanisms, and their dense distribution areas ex-
panded towards the southeast. The stresses transmit-
ted by the Palu earthquake to the adjacent segment
of the Palu-Koro fault loaded 1-2 bars of stress at the
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Pe3rome. B nanHOl cTaThe MPEACTABIEHBI Pe3yJIbTaThl H3YUCHNS BIHMSHHS KYJIOHOBCKOTO HANPSHKEHUS JUIS BBLICHEHUS IIpoliecca
paspyuienust cucremsl pasiaoMoB Ilamy-Kopo. 28 centsadps 2018 r. Ha KpyIHOM CIBHUIOBOM pPa3jioMe€ B CEBEpHOW YacTH OCTPOBa
CynaBecu, Hm10HE3Ms, TPOU30IILIO 3eMIIETPSICCHUE. B pe3ynbTaTe KyJIOHOBCKOE HANPSHKCHHE YBEIMYIIOCH MPUMEpHO Ha 1 Gap B
obnactsax aQTepIIoKoB U 00NacTsX, TAe HAMPsHKEHHE YMEHBIIHIOCH Oonee yeM Ha 10 6ap. Ha ocHOBe (okaabHBIX MEXaHU3MOB ad-
TEPIIOKOB U MOJIENEH 04aroB IIIaBHOTO TOYKA PACCUUTAHBI H3MEHEHHSI KYJIOHOBCKOTO HAIPSDKEHUSI Pa3pyLICHHUs Ha 00€UX y3JOBBIX
IUTOCKOCTSIX (POKAIBHOTO MEeXaHu3Ma. J[OmoTHITENbHO OBUTH pacCYUTaHbl N3MEHEHHUS KYJIOHOBCKOTO HAMIPSHKCHUS B OUarax Kaxaoro
aprepmoka. [IpencraBneHHas HaMH MOJENb HANpPsDKCHUN YKa3bIBaeT Ha IMOJOXHUTEIBHYIO KOPPEIALUI0 MEXIy pacUIMpEHHBIMHU
KyJIOHOBCKMMH IIOJISIMH HAIPsDKEHHUH, BOSHUKAIOIIUMH B PE3yNbTaTe COUETaHMs ceiicMudecKkoil akTuBHOCTH. Hamu Obuto Mccneno-
BaHO KyJIOHOBCKOE HAlpsDKCHHE KaK BO3MOXKHBIH MCTOYHUK a(TEpIIOKOB, KOTOPHIE MMEIOT TEHJCHIMIO ONTHUMAIBHO CMEIIAThCs
BBUJLY Pa3pyLICHHs U3-3a JIOKAJIBLHOTO IOJIS HAIIPSDKEHMH, CO3JIaHHOTO OCHOBHBIM TOJIYKOM. 3eMIleTpsiceHre cuiiol 7.5 6auios, npo-
ucurenuree B [lamy, mpuBeno K pacupeneieHHIo CMelleHHi moBepxHocTH. Kpome Toro, pacueTHoe rOpH30HTAJIbHOE CMEICHUE
BapbpyeT oT 1 1o 1.3 merpa B Hanpasinenun C3-F03. KapTel HanpsokeHUH, BKIIOUEHHBIE B OTY CTAaThlO, UMEIOT OOJIBIIOE 3HAYCHUE
IUISL TIPOTHO3MPOBAHMSI OKHIAEMBIX MECT OyIyIIHX TOMYKOB M CHM)KEHHS IOCIIEACTBHHA 3eMIIETPsICEHUI. B0 moaTBepkaeHo, yTo
OIIEHKa KYJIOHOBCKOTO HANPSIKEHHS, CBSI3AHHOTO CO CMEUICHHUEM 3€MIICTPSICCHUS, SBIISICTCS BAYKHBIM CPEICTBOM ITOHUMAHUS Pa3iiny-
HBIX CeCMUYECKHUX SIBJICHUH.

Knrouesvie cnosa: xynonosckoe Hanpsicenue, uHgepCus Hanpsicenull, depopmayus, 3emiempscenue, l[lany, Hnoonesus

2018 Mw="7.5 PALU, INDONEZiYA, ZOLZOLISININ COULOMB STRESS DOYIiSIKLiKLORININ TOSIRi
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Xiilasa. Bu moqalodo Palu-Koro qirilma sistemindo qirilma prosesini anlamaq ii¢iin Coulomb gorginliyinin tesirlori
aragdirilmigdir. 2018-ci il sentyabrin 28-do Indoneziyanin simalindaki Sulavesi adasinda bdyiik qirilib-siiriismo mexanizmli zolzolo
bas vermisdir. Noticode Coulomb (Kulon) gorginliyi toxminen 1 bar artmis va bu aftersoklarin paylandig: erazilor ilo eyni zamanda
gorginliyin 10 bardan ¢ox asag1 diisdiiyili erazilors aid olmusdur. Magalads har bir aftersok tokanlarin fokal mexanizmlorine va asas
tokan mexanizm modellorine asasan, hor bir fokal mexanizmin her iki nodal miistovilarinde Coulomb gorginliyinin doyismasi
hesablanmigdir. Bundan alavs aftersoklarin fokal menbalarinds Coulomb goarginlik dayisikliklori do hesablanmigdir. Osas tokanin
yaratdig1 lokal gorginlik sahasina gora qirilma ti¢lin optimal yerdoyismoyo meyilli olan aftersok tokanlarinin miimkiin manboyi kimi
Coulomb gorginliyi aragdirilmigdir. Bizim gorginlik modelimiz seysmik aktivliyin tesirindon yaranan genislondirilmis Coulomb
gorginlik bolgaleri ilo miisbat korrelyasiya oldugunu gosterir. Palu 7.5 zalzalasi yer sothinds yerdoyismolors sobob olmusdur. Bundan
basqa, hesablamalar {ifliqi yerdoyismonin Simal-Qorb vo Conub-Qoarb istigamotindo oldugunu vo 1-1.3 metr arasinda doyisdiyini
dostormisdir. Palu zalzalssinin Palu-Koro qirilmasinin bitisik seqmentine otiirdiiyii gorginlik gerginliyi 1-2 bara ¢atma istiqgametinde
yiikloyirdi. Gerginliyin modellasdirilmasi tesdiq edir ki, kicik artim (bir ne¢a bar) zslzalslorin yaranmasina tekan vera biler. Bu
maqalada gostarilon gorginlik xaritolari, galacokdoki aftersoklarin gozlonilon yerlorini prognozlasdirmaq vo zalzals riskini azaltmaq
liclin shomiyyatlidir.

Acar sizlor: Coulomb stres, stres inversiyasi, deformasiya, zalzala, Palu, Indoneziya
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