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Abstract

Static Coulomb stress change (ACFS) plays a magjor role in earthquake triggering and seismic
hazard assessment in tectonically active regions like the Central Himalaya. We investigate
ACFS produced by the 2015 Gorkha earthquake using a rectangular fault model and the Okada
(1992) elastic dislocation solution in a homogeneous, isotropic half-space. Five slip scenarios
(2.0-6.5 m) are evaluated and stress fields are analyzed through 1D profiles and 2D spatial
mapping. The results show that A CFS increases linearly with slip amplitude, with higher slip
producing stronger stress concentration near the rupture zone. A strong linear scaling between
slip and peak stress is observed, with each meter of slip contributing approximately 2.13 MPa.
The 2D stress maps reveal symmetric positive and negative lobes around the rupture, with
stress decaying rapidly with distance. The longitudinal stress profiles demonstrate a sharp
concentration of stress at the epicenter (28.147°N, 84.708° ), with symmetric decay to near-
zero levels within about £1.5° longitude. These findings indicate that slip amplitude primarily
governs local stress concentration with short-range triggering potential, while far-field stress
patterns are comparatively insensitive to variations in slip magnitude. This study emphasizes
the importance of ACFS analysis in understanding stress transfer mechanisms and assessing
post-seismic hazard in complex tectonic regions.
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1 Introduction

The Gorkha Earthquake 2015 (M,, 7.8) struck cen- near Gorkha, approximately 80 km northwest of
tral Nepal on 25 April 2015, followed by a strong Kathmandu, and ruptured a ~150 km segment of
aftershock sequence [1]. The epicenter was located the Main Himalayan Thrust (MHT) beneath the


http://nepjol.info/index.php/BIBECHANA
eak.poudel@bimc.tu.edu.np; ram.tiwari@bimc.tu.edu.np
https://doi.org/10.3126/bibechana.v23i2.85018
https://creativecommons.org/licenses/by-nc/4.0/
https://creativecommons.org/licenses/by-nc/4.0/

Eak Raj Paudel et al./ BIBECHANA 23 (2) (2026) 1-8 2

central Himalaya [2]. The earthquake resulted from
long-term stress accumulation due to the ongoing
convergence (~17-21 mm/yr) between the Indian
Plate and the Eurasian Plate, leading to the sudden
release of strain along a shallowly dipping thrust
fault [3].

The phenomenon of earthquake occurrence has un-
dergone a significant conceptual evolution over the
past century. Initially, it is viewed as isolated geo-
physical events caused by localized stress accumu-
lation hence failure. Modern seismology now recog-
nizes earthquakes as part of a larger, interconnected
stress field. One rupture can influence the timing
and location of others. The foundation of this un-
derstanding based on Reid’s elastic rebound the-
ory [4], which postulated that tectonic stress builds
gradually along a fault and is released suddenly dur-
ing rupture, returning the system to a stress-free
state. While this model explained the mechanics
of individual earthquakes, it did not consider how
one earthquake might affect other faults spatially
and temporally. A major leap forward came with
the work of Scholz [5], who emphasized the role of
fault segmentation, stress heterogeneity, and fault
mechanics in understanding earthquake triggering.
The contributions generate the idea that faults do
not behave in isolation but influence one another
through stress changes. The concept of Coulomb
stress transfer was formalized by King, Stein and
Lin [6]. It is proposed that earthquakes not only
relieve stress but also redistribute it across nearby
faults. This redistribution can either promote or in-
hibit rupture on neighboring segments. The stress
change is quantified by the Coulomb Failure Stress
Change ACFS [7], defined as

ACFS(o¢) = At + /Aoy, (1)

Here, AT be the change in shear stress on the fault
and Aog, be the change in normal stress on the
fault. Similarly, 4’ be the effective frictional coeffi-
cient having value 0.2-0.8. Simply it is used to eval-
uate how slip on one fault could promote or inhibit
failure on nearby faults. A positive ACFS brings
a fault closer to failure, increasing the likelihood of
triggering aftershocks or subsequent earthquakes,
whereas a negative ACFS indicates stress shadow-
ing and stabilization.

To better understand the relationship between
stress components and failure potential, we refer
to the Mohr—Coulomb failure criterion, graphically
depicted in Figure 1. This diagram explains how
the failure of faults is accountable on the scale be-
tween shear stress and effective normal stress acting
on fault planes. The red failure envelope separates
stable from unstable regions in stress space, which
highlights the geometry of a fault plane under stress

orientation [8].

Following the initial formulation, Dieterich [9] intro-
duced rate-and-state friction laws, which provided
a dynamic model of how stress influences earth-
quake probability. The Dieterich’s work showed
that even minor changes in ACFS could cause
statistically significant changes in seismicity rates,
thus strengthening the Coulomb framework’s phys-
ical basis. A critical assessment of stress transfer
models was carried out by Harris [7], who warned
that despite the utility of ACFS models, uncertain-
ties in fault geometry, slip distribution and regional
stress fields could introduce significant errors. This
work emphasized that Coulomb stress models are
better suited for retrospective analysis than deter-
ministic prediction, yet they remain crucial for seis-
mic hazard mapping. Recent studies [10] have reaf-
firmed the shift from viewing earthquakes as iso-
lated events to seeing them as parts of complex
fault networks, interconnected through stress trans-
fer processes. This networked view of seismicity
underscores the importance of understanding how
a single rupture can influence the broader tectonic
system [11].
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Figure 1: Mohr circle and stability curve under
stress.
1.1 Broader ideas and contemporary

debates

The Coulomb stress transfer model remains leading
in seismology. Many recent studies have offered nu-
anced views and critical assessments that enrich our
understanding of its applicability and limitations.
Empirical analysis [12] found robust statistical sup-
port for static triggering in Southern California
catalogues. Authors found that stress changes as
small as ~ 10Pa can correlate with increased seis-
micity. It is also noted that predictive power decays
within a few hundred days due to the loss of "stress
memory" in the crust. Similarly, other researchers
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have highlighted shortcomings of the static model.
The Researcher also found that aftershock rates are
lower in stress shadows regions [7]. However, the
seismicity in those areas does not fall below the nor-
mal background level. This may be due to dynamic
triggering. It is about 34% of aftershocks may be
caused by dynamic stress changes, not just static
stress transfer [13]. In another review [14] noted
that stress transfer is important for understanding
how earthquakes interact. Many factors, such as
variations in the crust, changes in pore pressure,
fluid—rock interactions, and limitations of the old
Volterra model [15], can strongly affect ACFS. In
conclusion, Coulomb stress transfer provides use-
ful insight, but it should be combined with other
models such as dynamic triggering and aseismic
processes.

In this study, we simulate Coulomb stress change
patterns generated by a simplified main shock sce-
nario using a rectangular fault model in a homo-
geneous elastic half-space. The Okada elastic dis-
location solution [16] is applied to compute ACFS
across a spatial 2D grid, enabling the identification
of stress loading and shadow zones around the rup-
ture. Modeled results will be compared with ob-
served secondary earthquake data to validate the
approach. This work highlights how a single rup-
ture can redistribute stress in the surrounding crust,
providing insights into earthquake triggering pro-
cesses.

2 Methods and methodology

2.1 Theoretical and mathematical

framework

The Okada dislocation mode [16] provides an ana-
lytical formulation to estimate surface deformation
and stress field changes due to fault slip within a
homogenous, elastic half-space. In this model, an
earthquake rupture is idealized as a rectangular
fault plane, and the surrounding earth is treated
as a linearly elastic and isotropic medium. The
model is based on the theory of Volterra disloca-
tions [15], where discontinuities in displacement
produce strain fields in the surrounding material.

Point source model (top): In this method, the
fault is represented as a single source point defined
by depth, dip and the observer location (X, Y, Z).
This simplified approach approximates the earth-
quake as a concentrated slip at depth (Figure 2).

Rectangular fault source model (bottom): In
this model, the fault is represented as a finite rect-
angular plane with dimensions (AL1, AL2, AW1
and AW2), dip and depth. The slip vector is de-

composed into three components (DISL1: strike-
slip, DISL2: dip-slip, DISL3: tensile component).
The observer point (X, Y, and Z) measures the
resulting deformation, making this model more re-
alistic for analyzing static stress transfer and fault
mechanics, Figure 2.
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Figure 2: Schematic representation of earthquake
source models used in Coulomb stress and displace-
ment calculations [16].

When a fault slips, it not only releases strain en-
ergy but also redistributes stress in the crust. The
Okada solution analytically solves Navier’s equa-
tions of elasticity for this scenario using the param-
eters such as fault length (L), width (W), depth to
the top edge including strike, dip, rake, and amount
of slip (d) of the fault.

In this study, we simplify the model by consider-
ing a 2D vertical fault aligned along the x-axis and
evaluate stress at surface points located horizon-
tally from the rupture center. The components of
stress are given as [17,18]

w.d.L
AT = 2mr? @)
w.d.W
A= o @

where p is the shear modulus of the Earth’s crust
and r is the radial distance from the fault center.



Eak Raj Paudel et al./ BIBECHANA 23 (2) (2026) 1-8 4

2.2 Computational framework

In this study, the Okada equations were imple-
mented in a FORTRAN to compute A7 (Change
in shear stress), Ao, (change in normal stress) and
ACFS at surface grid points using the parameters
from Table 1. The fault is assumed to be verti-
cal (dip = 90°) with a strike of 0° and pure thrust
motion (rake = 90°), having a length of 120 kmn
and a down-dip width of 60 km, with its top lo-
cated at 15 km depth. Five slip scenarios (2.0, 3.0,
5.0, 6.0, and 6.5 m) were used to investigate the
influence of slip amplitude on stress transfer. The
surrounding crust is represented by a homogeneous,
isotropic half-space with a shear modulus of 30 GPa
and an effective friction coefficient of 0.4, consis-
tent with the assumptions of the Okada dislocation
model and a traction-free surface boundary condi-
tion. The effects of material heterogeneity, layered

crustal structure and complex fault geometry are
not included in this formulation. Coulomb stress
change was computed along a 1D profile extending
from —200 km to 200 km along strike, with near-
field smoothing applied at distances less than 1 km.
The computational grid was discretized with uni-
form spatial spacing. The stress components were
evaluated as a function of radial distance from the
fault center. The order of magnitude of the com-
puted Coulomb stress changes is consistent with
values reported in previous earthquake studies con-
firming the physical reliability of the results. This
framework allowed us to systematically explore the
spatial pattern of stress transfer associated with
varying slip amplitude. Post—processing and plot-
ting were performed in Python, generating line pro-
files of ACFS versus horizontal distance and 2D
maps of stress increase and shadow zones.

Table 1: Parameters used in the study

Parameters Value Description References

u (GPa) 30.0 x 10°  Shear modulus of crustal rocks [19]

P 0.4 Effective friction coefficient [6,20]

L (km) 120.0 Fault length along strike [19,20]

W (km) 60.0 Fault width down depth [19]

H (km) 15 Depth from epicenter USGS

S1 (m) 2.0 Slip for heterogeneous multi-patch simulation [21]

Sy (m) 3.0 Lower-bound slip for sensitivity tests Small-slip inversion cases
Sz (m) 5.0 Moderate slip from finite fault inversion [19]

Sy (m) 6.0 Representative average slip in main rupture patch [10,19]

S5 (m) 6.5 Peak slip in high-slip subpatches Field and inversion extremes

3 Results and discussion

In this section, we have analyzed the slip depen-
dency of ACFS by computational approaches using
tools like FORTRAN and Python. Figure 3 shows
the line profiles of ACES versus distance, with a
narrow peak centered at the rupture (0 km) for all
slip scenarios. Peak ACES scales with slip magni-
tude: the highest-slip case (S5 = 6.55 m) produces
the largest peak, while low—slip cases S1 (2.0 m)
and S2 (3.0 m) display substantially reduced central
peaks. The stress field is nearly symmetric about
the rupture center. All scenarios display a steep
gradient within the first 30-50 km and approach
near—zero perturbation beyond ~100 km.

Coulomb stress transfer during the Gorkha earth-
quake is strongly controlled by slip order. The
stress field shows a symmetric distribution about
the rupture zone, with peak ACFS concentrated
near the fault. The observed stress range (~4-13
MPa) and its inverse-distance decay are in agree-
ment with theoretical predictions and previous
studies based on the Okada formulation [16] and
Coulomb stress transfer theory [22]. The observed

value of stress change (4-13 MPa) in this study is
in agreement with the ~7 MPa lower bound of the
energy—based average stress drop reported for the
Gorkha earthquake [23]. This confirms that the
co-seismic stress drop occurs on the source fault
rather than through far-field stress transfer.

Similar stress magnitudes and spatial patterns have
been reported for the 2015 Gorkha earthquake,
where positive Coulomb stress changes were found
to correlate with aftershock distribution and stress
loading on adjacent fault segments [24]. The linear
scaling relationship between slip and peak stress
further confirms that slip amplitude is the dom-
inant factor governing co—seismic stress redistri-
bution, consistent with elastic dislocation theory.
This behavior follows from linear elastic dislocation
theory, where stress perturbations are proportional
to fault slip [25].

The graph below (in Figure 4 (a,b)) shows the com-
parison of stress order for different slip values, in-
dicating variation in the stress profile from 4 MPa
to 13 MPa.
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Figure 3: Coulomb stress change for different slip scenarios using FORTRAN (S1-S5).

Figure 4(a) shows the variation of Coulomb stress
change (ACFS) with distance from the fault epicen-
ter, showing a sharp peak at the rupture zone (x =
0 km), where maximum stress values reach ~4-13
MPa depending on slip amplitude (2-6.5 m). The
distribution is nearly symmetric about the epicen-
ter and decays rapidly with distance, approximately
following a 1/r? trend, becoming negligible beyond
100200 km. While larger slip models produce

proportionally higher peak stresses near the fault,
the curves converge at greater distances, indicating
that slip strongly influences local stress redistribu-
tion but has minimal regional effect. This pattern
highlights how earthquakes concentrate stress near
the rupture zone, with implications for aftershock
triggering and secondary fault activation.

Figure 4(b) shows the variation of Coulomb stress
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change (ACFS) along longitude for different slip
models. The stress is maximum at the epicenter
(28.147° N, 84.708° E, where the earthquake rup-
ture initiated and gradually decays in both east-
ward and westward directions.
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Figure 4: (a) Comparison of stress transfer by dis-
tance (b) longitudinal variation of stress transfer).

The map profile (Figure 5) shows an elliptical con-
centration of positive stress near the epicenter,
with peak values increasing with slip. Stress per-
turbations decay outward significantly after 20 km,
consistent with the localized nature of co—seismic
stress changes observed in the 1D profiles.

The plot illustrates the relationship between maxi-
mum Coulomb stress change (ACFS) and fault slip,
revealing a strong linear trend, Figure 6. As slip
increases from 2.0 to 6.5 m, the peak stress also
rises nearly proportionally. The regression analysis
yields the best-fit line

Stress = 2.13 x Slip + 0.26 (4)

with a regression coefficient R? = 0.92, indicating
an excellent fit.

Coulomb Stress Change from Okada Dislocation Model, Gorkha
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Figure 5: Coulomb stress change (ACFS) distribu-
tions for the Gorkha scenario with slip amplitudes
of 2.0-6.5 m.
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Figure 6: Variation of maximum stress with respect
to slip on a fault.

The slope (~2.13 MPa/m) suggests that each ad-
ditional meter of slip contributes approximately
2.13 MPa of peak stress increase, Figure 6. The
small positive intercept reflects negligible stress
in the absence of slip, which aligns with theoret-
ical expectations. This finding is consistent with
elastic dislocation theory by Okoda [16], which pre-
dicts that Coulomb stress changes scale linearly
with slip amplitude for a fixed geometry and elas-
tic medium. Earlier studies also emphasized that
stress perturbations increase proportionally with
fault slip, typically ranging from a few tenths to
several MPa per meter depending on fault orienta-
tion and crustal properties [19]. The results here
confirm this scaling, showing that stress transfer
is dominantly controlled by slip amplitude, with
model-specific parameters influencing the exact
slope. Thus, the regression provides strong sup-
port for the theoretical framework that fault slip is
the primary driver of co—seismic stress redistribu-
tion.
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The present model assumes a simplified homo-
geneous medium and uniform slip distribution,
which may not fully capture the complexity of real
fault geometry and crustal heterogeneity in the Hi-
malayan region. Despite these limitations, the re-
sults provide a physically consistent representation
of stress transfer, regional seismicity [26], and offer
useful insights into stress accumulation and seismic
hazard after large earthquakes like the 2015 Gorkha
earthquake.

4 Conclusion

The modeled ACFS patterns show that slip magni-
tude is the dominant control on near-field stress am-
plitude. Higher slip increases local Coulomb stress
and creates larger loading areas that may promote
aftershocks on nearby fault patches. However, all
slip models predict a similar spatial decay of static
stress change, with negligible perturbation beyond
~100 km from the rupture. This indicates that
the main impact of slip variability is confined to
the rupture vicinity, while far—field regions are less
sensitive to slip differences. The regression analy-
sis further confirms a robust linear relationship be-
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