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Abstract 

The islands of Sumatra and Sinabung are located southwest of the Sundaland Continent which is a convergence route 
between the Indian-Australian Plate that infiltrates to the west of the Eurasian/Sundaland Plate. The increase in activity 
of Mount Sinabung was preceded by large earthquakes to the west and south while the eruption of Mount Sinabung 
produced pyroclastics. The purpose of this study is to find out the analysis of coulomb stress from the Sumatra Island 
earthquake to the pyroclastic flow of Sinabung as data on volcanic disasters. This study used the coulomb stress method 
with coulomb 3.3. The earthquake data analyzed was Mw, depth, and focal mechanism. The results of the analysis in the 
form of the direction of the spread of stress and the value of increased coulomb stress in Sinabung in 2014-2016. 
Sinabung's positive stress coulomb value in 2014 was 0.113 bar with a positive coulomb stress spread angle of 90o 
against sinabung pyroclastic flow. Sinabung's positive stress coulomb value in 2015 was 0.235 bar with a positive 
coulomb stress spread angle of 90o against sinabung pyroclastic flow. Sinabung's positive stress coulomb value in 2016 
was 0.118 bar with a positive coulomb stress spread angle of 90o against sinabung pyroclastic flow. Coulomb stress 
analysis affects the direction of prioclastic flow by as far as 180o although it is not the same as the results in the field. 
This is because the peak of Sinabung has landslides in the southeast-south, thus opening a pyroclastic flow road to the 
southeast-south.  
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1. Introduction

Mount Sinabung is a strato volcano in Karo Regency, Indonesia. The geographical position of the summit of Mount 
Sinabung at latitude 3o 10' 16.7" LU and longitude 98o 23' 24.66" with elevation of 2460 mean sea level. In general, 
mount Sinabung eruption products are pyroclastic flows and lava flows. The eruption of Mount Sinabung has brought 
volcanic ash and other materials covering the ground. Eruption material consists of large to fine-sized rocks, which are 
rough in size usually falling around radius of 5-7 km from the center of the eruption, while the fine-sized can fall at 
distances of hundreds to thousands of kilometers (1)(2). The nature of Sinabung eruption is a weak-medium explosive 
eruption that produces ash eruptions (early eruptions) and is likely to end an effusive eruption that produces lava flows, 
therefore the potential for pyroclastic formation (stone throwing and ash rain) is quite significant. The pyroclastic flow 
Sediment Unit is predominantly sand-sized tietan chunks, fragments of andesitan rock sand-sized pumice, and fairly 
solid gravel. scattered in the south and central part of filling the gap of panyabungan depression covering the structure 
of the sesar. More complex volcanoes may be more susceptible to earthquake triggering. The slower than expected 
decay in triggering distance may indicate the presence of coupling via deeper tectonics and a nonlinear volcanic 
response to stress perturbations (3). The distribution of Aceh aftershocks on December 26, 2004 resulted in a positive 
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coulomb failure stress change (∆CFS) change of 49.8% while ∆CFS was negative at 50.2%. This shows that elastic half-
space modeling for interplate/mega thrust zone earthquakes still does not represent a good but consistent relationship 
to intraplate earthquakes (4). Increased coulomb stress (coulomb stress change) that is of positive value can trigger or 
trigger an earthquake. The Aceh earthquake with Mw9.0 and the earthquake with Mw>7 which resulted in a positive 
coulomb stress change in the Mount Sinabung area and its surroundings triggered a devastating eruption on August 27, 
2010. High seismic activity in areas that have undergone positive stress coulomb changes indicates the high stress of 
the Earth's crust that is scattered in the northern part of Sumatra (5). This case has already occurred in several regions 
in Indonesia such as Aceh (4)(6), Halmahera (7), Pidie Jaya (8), Papua (9), Palu (10), China (11)(12)(13), and Iran (14). 
Primary sources of seismic, geodetic, and tsunami observations indicate that for the six model sources tested, there was 
an average increase of 47% in the positive pressure aftershock mechanism of the earthquake (1997–10 March 2011) 
(15). In general, this study is based on observations earthquake precursors such as seismic parameters (Vp/Vs, seismic, 
b-value), type and EM parameters, gravity, tides, Radon gas, temperature, humidity and other physical parameters.(16) 
According to Estu (2018) (17), the implication of pyroclastic fall in Indonesia, with modeling with a 5 km eruption 
scenario produces a map of ash scattering with a thickness of 0.1 – 5 mm that hit around Mount Sinabung a radius of 10 
km from the center of the eruption and to the southwest with an impact distance of 20 km. Forecast of the impact of 
volcanic ash on population and land cover on the surface due to the eruption of Mount Sinabung on 19 February 2018. 
Noto Hanto's well-recorded aftershock resulting in an aftershock zone quickly developed into a 'butterfly pattern' 
predicted by static coulomb stress transfer associated with thrust faults (18). The seismic and post-earthquake stress 
changes caused by the Wenchuan earthquake significantly increased stress accumulation in the hypocenter of the 
Jiuzhaigou earthquake (19). Comparison of CFF values for earthquakes before and after the Tohoku-Oki earthquake 
shows that the last earthquake has a more positive value; thus supporting the hypothesis of a coseismic stress change 
transferred from the Tohoku-Oki earthquake sequence (20)(21).       

According Agoes (2017) (22), in pyroclastic simulation research in Sinabung in 2016 resulted in an overlay between 
hot cloud landaan areas with a scenario of 3 million m3 on the disaster prone areas map showing the range of hot cloud 
flows in the southeast, west and northeast sectors has slightly crossed the third disaster prone areas map boundary (a 
region very potentially hit by hot clouds, lava flows, lava drop and toxic gas). A pyroclastic flow is a flow of heat with a 
high concentration, surface debt, moving, in the form of gases and dispersed particles produced by volcanic eruptions 
(23). Pyroclastic flow is also a flow of particle density and gas in hot conditions generated by volcanic activity. 
Pyroclastic flows involve all flows produced by small eruptions or large lava flows. Pyroclastic flows are controlled by 
gravity and flow through low-lying areas/valleys. The high mobility of pyroclastic flows depends on gases from magma, 
lava, and air as they flow. The flow speed can reach 150 – 250 km/hour, and the flow range can reach tens of kilometers 
even though it moves on water/sea. Pyroclastic flows occur due to the explosion of high smoke poles, when the energy 
runs out, the ash will spread towards the wind, then fall again to the earth's surface. The author combines coulomb 
stress and pyroclastic flow into the results of a new study so as to produce the influence and direction of Sinabung 
pyroclastic flow data based on Newton's law. Based on the hypothesis, the pyroclastic flow of the Sinabung eruption is 
thought to be influenced by changes in stress from the earthquake that occurred on the island of Sumatra. The author 
hopes that the results of the combination of coloumb stress and pyroclastic flows can be useful for residents around the 
volcano, especially people on Mount Sinabung to be more alert in dealing with catastrophic eruptions.  

2. Material and methods 

The method used is descriptive analysis, namely by explanation and analysis through the coulomb stress model, where 
the data is processed and then the results of the coulomb stress change are obtained. The model used in this research is 
The coulomb stress model which is programmed in Coulomb 3.3 software. The data needed in this study is 2014-2016 
earthquake data in the form of earthquake location, magnitude, depth, earthquake type, strike, slip, dip, and moment 
tensor. This data is processed and then produces a value of change in the the coulomb stress in positive or negative form 
and then displayed in the form of 2D and 3D vector maps. With this method, the spread of earthquakes is obtained as a 
result of tectonic earthquake interactions against the pyroclastic flow of Sinabung. Then the display is compared with 
the direction of the pyroclastic flow so as to produce connection between coulomb stress and pyroclastic flow. Elastic 
Dislocation modelling based on angular dislocation theory is able to predict displacement fields and the distribution 
ofstrain in a poroelastic medium for any slip introduced on a discrete fault (24).  

Earthquake interaction by static stress transfer can occur among faults of differing orientations, rakes and depths. Static 
stress changes may affect seismicity for periods on the order of 1 year in the Gorda zone, and perhaps for over a decade 
in the case of M > 7.2 earthquakes Mendocino Fault Zone, Cascadia subduction zone, and northern San Andreas Fault 
(25). The original idea of rock mechanics was first put forward by Amonton in 1699 which was subsequently developed 
by Coulomb in 1733 (26). Amonton provides a formula that is then referred to as the second law of Amonton formulated 
as in the Equation 
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= µsn 

With τ is the pressure required to make a rock break (bar or pa), µs is a static friction coefficient, and 𝜎𝑛 is a normal 
voltage that works on rocks (bar or Pa). Earthquakes occur when a pressing shear voltage that works on a fault large 
enough to overcome a normal voltage (clamp), in combination with friction, blocks the clamp fault from slipping. This 
balance can be characterized by the criteria of coulomb failure (27)(28) the stress of critical Coulomb failure, σc, given 
by  

σc=τ-µ(σn–p) 

In coulomb criteria, a fault occurs in a field when coulomb stress σf exceeds a specific value (29). 

σf = τβ - µ(σβ – p) 

Where τβ is the shear voltage on the fault area, σβ is the normal voltage, p is the fluid pore pressure and µ is the coefficient 
of friction. Potential slips lead to the right or to the left. The value of σ in this case should always be positive, but 
otherwise the process that takes place in finding the stress value to the fault can be given both positive and negative 
values depending on the potential slip pointing to the right or to the left. In the orientation fault field 𝛽 to the angle of 
σ1 we can refer to the stress component shown to him as the main stress.   

σβ = 
1

2
(σ1 + σ3) −

1

2
(σ1 + σ3)𝑐𝑜𝑠2𝛽 

In systems where the x-axis and y-axis and fault displacement are horizontal and vertical field faults (including the x-
direction), the voltage on the field as the angle of the ψ -axis is given 

τ13 = 
𝟏

𝟐
 (σyy-σxx)sin2ψ + τxycos2ψ 

From the equation above, it can be written down the change of coulomb stress to the right lateral σ𝑓
𝑅and left lateral σ𝑓

𝐿  

submitted in a field oriented with a ψ the x-axis 

σ𝑓
𝑅  = τ13

𝑅  + µ' σ33 

σ𝑓
𝐿  = τ13

𝐿  + µ' σ33(7) 

or 

ΔCFF = Δτ + µs Δσe 

Changes in stress are illustrated by graded colors; green represents no change in stress. red represent change in stress. 
In coulomb, we will explore four types of fault receivers: the "determination" of fault receivers where all faults have 
uniform fault receiver geometry; faults optimally oriented for faults; fault receivers on geometry set in input files, and; 
file focal mechanisms, where there are always two orthogonal fault fields. Optimal orientation is a function of regional 
stress (also called "tectonics"), stress is passed on the source of the fault, and the coefficient of friction is assumed in the 
fault receiver.  

Deterministic coulomb stress calculations provide important results based on our physical process understanding. 
Therefore, it is desirable to use these additional deterministic information, if available, for seismicity modeling. In the 
past, Coulombstress calculations have been often shown to be very successful in describing overall features of triggered 
seismicity. However, even on the short time scales, purely deterministic approaches are not able to describe the details 
of the earthquake dynamics. The existence of small scale stress and material heterogeneities, which will be in general 
not accessible to direct measurements, will preclude the possibility of purely deterministic earthquake predictions. 
However, although pure deterministic approaches are not applicable, our physical knowledge should not be ignored 
because it gives important constraints. In order to advance in the field of earthquake forecasting, deterministic and 
probabilistic approaches should be combined to end up with physics-based probabilistic models. Some promising steps 
are already done in the context of the stress-based seismicity models (30). The aftershocks' mechanisms are strongly 
related to the deformation field caused by the mainshock, the displacement directions always nearly parallel to the 
maximum principal stress directions or the shear directions of the aftershocks' focal mechanism solutions (31).  
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3. Results and discussion 

The characteristics of earthquakes used in coulomb stress are earthquakes located around Sumatra with a minimum 
magnitude of 5.8 Mw with the direction of strike, dip, rake and focal mechanism form. While the spread of earthquake 
energy depends on strength, depth, and direction of stress and strains. The earthquake used was the initial earthquake 
of December 26, 2004 - May 2016 that occurred in the north of Sumatra. The selection of this earthquake is because it 
wants to see the effect of stress /strains of the earthquake on the pyroclastic flow of the eruption of Mount Sinabung. 
The modeling used is coulomb stress using Coulomb 3.3.' 

3.1. Coulomb Stress Changes of December 2004-2014 Sumatra Earthquake 

The earthquake, which occurred between December 26 until January 11, 2014, had a strength of 5.0 Mw - 9 Mw in the 
Indian Ocean, northern Sumatra and India's Nicobar Islands. The earthquake that occurred on the island of northern 
Sumatra (6) and its surroundings that occurred in the period December 26, 2016 to January 11, 2014 resulted in the 
distribution of positive value stress coulomb on Mount Sinabung. Sinabung get an increase in stress marked by a red 
lobe/orange lobe. The red lobe/orange lobe on Mount Sinabung was caused by a major earthquake that initially 
occurred on December 26, 2004 and was followed by 3 aftershocks with a magnitude of 7.2, 7.8, and 8.6 Mw with 
longitude coordinate points 3.36o, 2.07o, and 1.67o latitude 95.78o, 96.74o, 97.07o strike-slip and reverse fault types. The 
earthquakes occurred in 2010 and 2005. The figure 1 show the selection of cross section direction based on the 
prioclastic flow direction of Mount Sinabung depth of 100 km that occurs is southeast with the average value of coulomb 
positive stress range is 0.133 bar on depth 0-100 km (figure 2). The value of stress in the northwest - southeast has a 
sufficient effect on the increase in volcanic activity of Mount Sinabung. This is in accordance with previous research 
stating that the increasing volcanic activity of Mount Sinabung is due to the situation in the Sinabung mountain area 
experiencing a large press force (5). It is shown that there is an apparent correlation between the stress changes and 
the observed spatial pattern of the aftershock occurrence supporting use of near-real time estimate of the stress changes 
as tool for earthquake hazard mitigation (32).  

  

Figure 1 Map of sinabung mountain area (2004-2014) Figure 2 Cross section A-B changes Coulomb Stress 
under Mount Sinabung during the December 26, 2004-

January 11, 2014 earthquake at a depth of 10 km 
 

Figure 3 shows the change in coulomb stress affected by the December 26, 2004 earthquake and 3 other major 
earthquakes. The direction of vector coulomb stress change is more skewed towards the northwest, while the direction 
of the pyroclastic flow skews to the east and southeast. The difference in direction of the coulomb vector stresses against 
the pyroclastic flow of 90o. However, if its like seen at the history of the 9.0 Mw earthquake that occurred on Sumatra 
Island in 2004, the direction of coulomb stress is leaning more towards the northwest as far as 90o against pyroclastic 
flows (Figure 4). Due to the pyroclastic flow, several villages were affected, especially in the southeastern areas namely 
Sukameriah, Bekerah, Simacem, Gamber, Gurukinayan, Berastepu, and Sibintun Hamlet. And to the east of the affected 
areas are Bekerah, Sukameriah, Simacem, Sukanalu, Kutatonggal (16). 
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Figure 3 Pyroclastic Flow of Sinabung January 11, 2011(22) 

 

Figure 4 Display of coulomb stress change vector direction in Sumatra during the earthquake of December 26, 2014 – 
January 11, 2014 at an altitude of 7 km 

3.2. Coulomb Stress Changes of December 2004-2015 Sumatra Earthquake  

The earthquake, which occurred between December 26 until April 28, 2015, had a strength of 5.0 Mw - 9 Mw with 
locations in the Indian Ocean, northern Sumatra and India's Nicobar Islands. The earthquake in northern Sumatra 
resulted in a positive distribution of stress coulomb on Mount Sinabung. Figure 5 shows the area of Mount Sinabung 
experiencing stress marked with a red lobe. The red lobe on Mount Sinabung was caused by a major earthquake that 
initially occurred on December 26, 2004 and was followed by 3 aftershocks whose magnitude was 6-6.1 Mw with 
longitude coordinate points of 4.33o and 1.72o latitude 92.69o and 96.74o with strike-slip and reverse fault types and 
aftershocks of 6.4 Mw with a longitude of 7.73o and latitude 94.32o leading to the northwest and north. 

Increased stress in Mount Sinabung is also supported by increased activity of Mount Sinabung as evidenced by seismic 
data presented by PVMBG. Figure 6 show the cross section A-B image with a northwest-southeast direction with a depth 
of 100 km in the Sinabung area that is experiencing increased stress is shown a reddish yellow color. The cross section 
results of this coulomb stress change work at a distance of 10 km which is in the northwest - southeast with the average 
value of this positive stress coulomb range of 0.235 bar. The stress value is enough to influence the increase in volcanic 
activity of Mount Sinabung. 
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Figure 5 Map of Sinabung mountain area 
(2004-2015) 

Figure 6 Cross section A-B changes Coulomb Stress under Mount 
Sinabung during the December 26, 2004-April 28, 2015 earthquake 

at a depth of 100 km 
 

The value of coulomb stress in 2015 increased compared to 2014. The increase in the value of coulomb stress was due 
to a 6.4 earthquake that occurred in India's Nicobar Islands in 2015. The increase in the value of coulomb stress in 
Sinabung in 2015 also resulted in an increase in volcanic activity.   

This phenomenon is appropriate and supports previous research stating that the increasing volcanic activity of Mount 
Sinabung is caused by the situation in the Sinabung mountain area experiencing a large press force (5). Similar cases 
have also been on Mount Soputan and Gamalama whose increased activity is influenced by increased coulomb stress 
characterized by red lobes (33). Figure 7 shows the direction of the coulomb stress change vector is still leaning more 
towards the southwest even though in 2015 there has been an increase in northern coulomb stress.  

The direction of coulomb stress is dominated by the magnitude 3 earthquake closer to mount Sinabung in 2014 with 
magnitude 6.4 at the Longitude coordinates of 1,67o latitude 97.46o. While the direction of the pyroclastic flow skews 
east and southeast so that the angle between vectors against pyroclastic flow is 90o. Although the large angle of direction 
of the coulomb vector stresses against the pyroclastic flow is still 90o, but the direction of the pyroclastic flow has begun 
to expand towards the northeast. The widespread direction of this pyroclastic flow indicates there will be a change in 
angle between the coulomb vector stress against the pyroclastic flow, in the event of a major earthquake resulting in a 
change in coulomb stress at the coordinates of the longitude 0o-2o and latitude 97o-99o. The impact of pyroclastic flow 
still covers the southeastern areas namely Sukameriah, Bekerah, Simacem, Gamber, Gurukinayan, Berastepu, and 
Sibintun Hamlet. And to the east of the affected areas are Bekerah, Sukameriah, Simacem, Sukanalu, Kutatonggal. 

 

Figure 7 Display of coulomb stress change vector direction in Sumatra during the Earthquake of December 26, 2014 – 
April 28, 2015 at an altitude of 9 km 
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3.3. Coulomb Stress Changes of December 2004-2016 Sumatra Earthquake  

The earthquake that occurred from December 26, 2004 to May 2016 had a magnitude of 5.0 – 9.0 Mw with earthquakes 
spread across the northern Sumatra, Indian Ocean, and Nicobar Islands of India. With the smallest magnitude of 5.0 SR 
occurring on December 27, 2012 in the Nicobar Islands of India while the largest magnitude of 9.0 SR occurred on 
December 26, 2004 in the Sea Off the Coast of northern Sumatra or in the Indian Ocean. The earthquake that occurred 
on the island of northern Sumatra and surrounding areas from December 26, 2016 to May 2016 resulted in a positive 
distribution of stress coulomb in Sinabung. The red lobe on Mount mount Sinabung was caused by a major earthquake 
that initially occurred on December 26, 2004 and was followed by several aftershocks that were one of magnitude 6.5 
Mw (2015) with strike-slip and reverse fault types (Figure 8). The earthquake caused stress in the west-southwest 
region and produced a red lobe in western-southwestern Sumatra. While the negative lobe marked in blue is still 
spreading north. Figure 9 shown cross section results of coulomb stress changes that work at 10 km have a average 
value of positive stress coulomb values of 0.118 bar. The value of stress in the northwest-southeast decreased but 
influenced the increase in volcanic activity of Mount Sinabung. The decrease in the value of coulomb stress due to the 
6.5 Mw earthquake describes the stress in the area that occurred in longitude 6.76o latitude 94.78o. From these traces 
can be inferred that changes the increase in coulomb stress (coulomb stress change) that is positive with prices range 
from 0< σƒ >1 bar can trigger or triggering the next earthquake. In this case is worth from 0.8 bar to 1.0 bar (34)(35). 
Although the value of coulomb stress in mount Sinabung in 2016 decreased but the value of coulomb stress still affects 
volcanic activity. 

 

Figure 8 Map of Mount Sinabung (2004-2016) 

 

Figure 9 Cross section A-B changes coulomb stress under Mount Sinabung during the December 26, 2004-May 21, 
2016 earthquake at a depth of 10 km 
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Figure 10 Direction of deployment of stress coulomb based on vector 

The December 26, 2004 earthquake affected the volcanic activity of Mount Sinabung as well as the volcanoes that existed 
in Indonesia and spread throughout the place (36)(37)(38). Figure 10 show the change in pyroclastic flow that occurred 
ay 21, 2016. Laborus River until it reached Gamber Village (16). The spread of stress coulomb is converted to a vector 
shape resulting in a southwest direction with a difference as far as 90o in the form of arrows. 

Table 1 Coulomb Stress Vector Direction Comparison for Pyroclastic Flow Direction 

No Year and 
Direction vector 
Coulomb Stress 

Direction Sinabung Mountain 
Pyroclastic Flow 

Stress/Strain 
average 

(+/- Bar) 

Angle Coulomb 
stress to 
Pyroclastic Flow 

1 2014/Southwest East-southeast 0.133 bar 90o 

2 2015/Southwest East-southeast 0.235 bar 90o 

3 2016/ Southwest North – northeast - Northeast-Southeast 0.118 bar 90o 

 
The dominant pyroclastic flow leads south, southeast, east and slightly to the north. The area of pyroclastic flow based 
on google earth imaging is 19.5 km2 and the perimeter is 32.6 km2 (table 1). As for the villages affected by the flow in 
the southeast (Sukameriah village, Bekerah, Simacem, Gamber, Gurukinayan, Berastepu, and Sibintun Hamlet) east 
(Bekerah, Sukameriah, Simacem, Sukanalu, Kutatonggal) south (Mardinding, Perbaji, Gurukinayan, Sukameriah, 
Berastepu, Sibintun Hamlet) and northern areas (Lau Kawar, Kutagugung, Sigarang-garang). River until it reached 
Gamber Village (16). The pyroclastic flow of Mount Sinabung stopped after passing through the Laborus The spread of 
stress coulomb is converted to a vector shape resulting in a southwest direction with a difference as far as 90o in the 
form of arrows. 

The vector direction was caused by the addition of 4 major earthquakes and aftershocks in the Indian Ocean and Nicobar 
Islands of India that occurred in the southwest with a magnitude of 6.0-6.5 Mw (2014-2016) with strike slip and reverse 
fault types. The type of fault that strike slips and reverses from the fault produces a large stress value by heading 
northeast and southwest which increases the stress value of the surrounding geological conditions. The direction of the 
vector changes coulomb stress from the earthquake of May 21, 2016 inversely 90o with the direction of pyroclastic flow. 
But when compared to pyroclastic directions in 2014, 2015, and 2016, it can be the resultant styles that work on objects 
are equal to zero. (F=0). This can be seen if the stress direction of the geology in Sinabung leads to the southwest, then 
the pyroclastic flow moves to the northeast and if it leads to the northwest then the pyroclastic flow leads southeast or 
to the area that is experiencing strains. If an area gets a stress/stress area, then the area is most likely to have aftershocks 
that result in increased volcanic activity of Mount Sinabung (5) and pyroclastic flows leading opposite the area of 
earthquake activity (Newton Law I).  

∑F = 0 

Fstress+ Ffluida= 0 
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Fstress= - Ffluida 

ΔCFF = -Ffluida 

Δ+Δ = -Ffluida 

Fpyroclastic = - (Δ + Δ) 

From the equation 10 above, Fstress can be assumed to be a press force by stress caused by earthquakes accompanied by 
parameters of strength, depth, strike, dip, slip, and fault type. While Ffluida can be assumed the thrust force of the 
pyroclastic flow consisting of characteristics (temperature, density, pressure, density of fluids) and material 
composition (hydrogen, carbonmonooxide, carbondioxide, hydrogen sulfide, sulfur dioxide, sulfur trioxide, chlorine and 
hydrochloric acid) of the pyroclastic.The negative direction in equation 11 indicates that the direction of pyroclastic 
flow is always in contrast to the direction of positive coloumb stress change. 

 

Figure 11 The condition of Peak Sinabung which landslides after eruption 

Comparing the direction of coulomb stress to pyroclastic flow, the author assumes that the direction of stress affects 
the direction of prioclastic flow by 180 degrees even though the results in the field are very different. This is caused by 
the peak of Sinabung experiencing landslides in the southeast and south as shown in figure 11. The results of this study 
are expected to be deeper in physical equations that adopt Newton's laws so that they can provide new information in 
the field of geophysics and benefit the public about the awareness of pyroclastic flows during the Sinabung eruption. 

4. Conclusion 

The Coulomb Stress model with Software 3.3 produces data in the form of positive stress values of 0.133 bar (2014), 
0.235 bar (2015), and 0.118 bar (2016). In addition, the coulomb stress model produces data in the form of a positive 
stress direction of 90 degrees to the direction of pyroclastic flow from 2014-2016. Although the angle of comparison 
differs by 90 degrees, the assumption of a positive stress direction is 180 degrees based on Newton's first law. This ‘s 
due to southeast and south Sinabung peaks that collapsed during early eruption Sinabung, opening the way for 
pyroclastic flows.  
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