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Abstract: The Sorong-MakbonSorong—Makbon Corridor is one of the key routes connecting Sorong
to other sections of the West Papua region in Indonesia. Throughout the Sorong-Makbon Corridor,
roads and slopes often sustain damage. When landslides reach the road shoulder and destroy the
pavement, they often prevent access to the road. In addition to the influence of surface water runoff,
there are indications that earthquakes contribute to the ineffectiveness of the previous design. This
seems to be accurate since the author has seen the typical movement of avalanches. Using the
Probabilistic Seismic Hazard Analysis (PSHA) approach, the earthquake’s effects on this corridor
were mapped out. With the use of the Indonesian earthquake data library, the Matlab-Zmap Program,
and the Spectrum Response, the history of earthquakes in the Sorong-Makbon corridor was analysed
to determine their velocity. This analysis reveals that the earthquake’s influence on the Sorong-
Makbon corridor has an acceleration value between 1.2 and 1.5 G. The prior design did not account
for a quake of this magnitude. With this study, the correctly identified seismic impact could be sent
back into the simulation to more adequately repair and restore the damage.
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1. Introduction

The increased risk of natural catastrophes is only a reflection of natural occurrences
that are geographically specific to the Indonesian area. Indonesia is an archipelago where
the Indo-Australian, Eurasian, and Pacific tectonic plates converge [1]. Indonesia is an
area of intense volcanic and seismic activity due to the interactions between these tectonic
plates [2,3]. The process of plate dynamics, which is quite intense, has also formed a distinct
and quite varied relief of the earth’s surface, ranging from mountainous regions with steep
slopes that seem to imply a high potential for landslides to gently sloping coastal regions
with potential threats of flooding, subsidence, and tsunamis [4,5]. It is preferable to be
aware of the possible natural catastrophes that could occur so that we are able to mitigate
their effects [6,7].

As the gateway to Papua and West Papua in particular, the city of Sorong is strategically
located. The city of Sorong in the province of West Papua has significant potential as a
national development hub and economic engine for the area. Hamid, the PUPR Ministry’s
Director General of Housing Provision, said that the first phase of development would
target settlements, industrial regions, new city centres, and green open spaces between 2019
and 2028. As a sign of care for the road infrastructure in West Papua, the Deputy Minister
of Indonesia’s PUPR, Jhon Wempi Wetipo, planned road work during his visit to the Trans
Sorong-Tambrauw road to inspect its condition. Wetipo, the Deputy Minister of Indonesia’s
PUPR, indicated that the 103-kilometre national road segment Sorong-Makbon-Mega is
managed by the Sorong Region II Work Unit. The segment’s functional length is 55.75 km,
whereas the effective length of the dirt road is 33.5 km. This road segment also utilises the
Multi Years Contract (MYC) plan for three budget years, 2020, 2021, and 2022, and is now
in the bidding process due to one unsuccessful bidding procedure.
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At the root of this issue, disorganised and imprecise land use planning is the primary
cause of an increase in vulnerability [8]. To determine the possibility of each of these
catastrophes, the method used must be based on their features and nature. Due to the fact
that each kind of catastrophe has unique causes, a prospective analysis must be based on
the factors that affect the disaster [9].

Similarities exist between mass movements and landslides [10,11]. To define an
avalanche, it is important to describe both aspects. The movement of soil or rock masses in
a vertical, horizontal, or oblique direction from their initial place is known as ground move-
ment. Landslides and creep and flow movements comprise ground motion. According to
this concept, avalanches are part of the ground’s movement [12,13]. If, according to this
definition, the vertical displacement of soil or rock masses is included in soil movement,
then the vertical movement that occurs in bulging (deflection) owing to the collapse of the
foundation may also be included in the kind of ground motion [14,15].

Material in the form of soil, or a combination of soil and rock fragments, will travel
down the slope due to water infiltration into the pores of the rock or soil [16]. This state
raises the stress on the slope surface material and represses the material and rock fragments,
which might lead to the flow of material and water [17,18]. This results in road damage,
the majority of which is caused by landslides in the corridor between Sorong and Makbon.

The degree of slope inclination has a direct correlation with sliding symptoms. As
seen in the accompanying table, slope is often represented as one vertical slope and one
horizontal slope. These physical measures make it simple to compile for slope stability
analysis purposes. Table 1 shows the classification of slope categories that are on the
underside of a pavement, along with suggested design considerations.

Slope degradation may be subdivided into mass movement and surface erosion, and
slope is defined in angles by the ratio of the slope to the vertical.

On a sloped or non-horizontal surface, the force of gravity will make it easier for the
soil mass to migrate downhill. The amount of gravitational force causes a reduction in
shear resistance along the plane of the landslide, such that the soil’s resistance is surpassed
and a landslide occurs [19,20]. This investigation of the safety of a sloped ground surface
is known as slope stability analysis. Typically, this approach is used for the construction
of structures such as landfills, canals, dams, railways, airports, etc. [21]. The purpose of
this study is to establish the safety of pavement side slopes, excavation slopes, and natural
slopes. A slope fails owing to a reduction in soil stress or an increase in soil stress. Loads,
stresses, geometries, and water conditions influence slopes. These may be permanent loads,
such as their own weight, or transitory (dynamic from an explosion) [22,23].

From the literature that has been mentioned and reviewed in the previous description,
it can be seen that the concern for earthquake loads is really specific only to structures that
are categorised as “slope structures”. Meanwhile, when talking about roads that are on
slopes, there is very little in-depth analysis regarding the worst conditions that will occur,
such as an earthquake. Most of the modelling carried out in Indonesia simply describes the
earthquake load based on assumptions without looking at the history of earthquakes based
on existing seismic data. As a result, in the vicinity of the area where this investigation
was carried out, many road structures on slopes experienced failure, even when using
massive structures such as concrete retaining walls combined with piles. Therefore, in this
investigation, the authors try to provide an overview of the use of probabilistic seismic
hazard analysis, which can be used to obtain a better approach to seismic conditions
in cases where a road structure is on a slope that is in an earthquake-prone area. It is
hoped that, with this investigation, the executors and those in charge of road management
in Indonesia will be able to improve the quality of technical assessments so as to avoid
repeated design-build processes that will only turn into construction waste and eat up the
existing budget. Figure 1 below illustrates the definition of incline with a description of the
comparison between the vertical (V) and horizontal (H) angles.
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Table 1. Slope Measurement.

.. . Tangent Percentages Vertical: Design
Description Degree Radian (%) Horizontal Consideration
Flat 0 0.000 0.000 0 © Slope design with drainage
5 0.087 0.087 9 114
Medium
10 0.174 0.176 18 5.7
11.3 0.197 0.200 20 5.0
15 0.262 0.268 27 3.7
Steep 18.4 0.322 0.333 33 3.00
20 0.349 0.364 36 2.75
25 0.436 0.466 47 2.14
Very 26.6 0.464 0.500 50 2.00
Steep 30 0.524 0.577 58 1.73
33.7 0.588 0.667 67 1.50
35 0.611 0.700 70 1.43
40 0.698 0.839 84 1.19
Extremely 45 0.785 1.000 100 1.00 Reinforcement design with
compacted soil slopes
Steeped 50 0.873 1.192 119 0.84
Slope 55 0.960 1.428 143 0.70
60 1.047 1.732 173 0.58
63 1.107 2.000 200 0.50
65 1.134 2.145 214 047
70 1.22 2.75 275 0.36 Reinforcement design with walls
75 1.31 3.73 373 0.27
Subvertical 76 1.33 4.0 400 0.25
80 1.40 5.7 567 0.18
85 1.48 11.4 1143 0.09
Vertical 90 1.57 00 00 0.00
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100%
3 |— 90%
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Figure 1. Inclination Definition (Source: [18]).
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2. Methodology

The PSHA method is a probabilistic earthquake-hazard analysis method that takes
into account and combines the uncertainty of the magnitude, location, and time of the
earthquake’s occurrence. The PSHA analysis is primarily a deterministic analysis with
various scenarios and is not based only on the earthquake parameters that produce the
greatest ground movement [24]. The main difference between the deterministic seismic
hazard analysis (DSHA) and PSHA approaches is the probabilistic approach; the DSHA
method does not consider the probability of an earthquake occurring and the influence of
various uncertainties involved in the analysis, while the PSHA can predict the probability
that the worst conditions will occur at a specific location, making it possible to account for
the influence of uncertain factors such as size, location, and magnitude [25].

In constructing PSHA, earthquake source zones are classified into three types: (1) fault
earthquake sources, or zones where earthquakes occur on faults with well-characterized
mechanisms, slip rate, dip, fault length, and position. (2) The source of subduction earth-
quakes, especially the zone of occurrence of earthquakes around the point where oceanic
and continental plates subduct under one another. The origin of subduction earthquakes is
restricted to a depth of 50 km, or the megathrust zone. Quakes with a depth greater than
50 km will be identified as the cause of deep background quakes. (3) The source of the
background earthquake (gridded seismicity), i.e., the source of the earthquake that is not yet
fully understood but where several earthquakes have been detected [26]. The earthquake
source model is divided into two distinct categories: shallow background (up to 50 km
depth) and deep background (depth of more than 50 km). The deep background earthquake
source model is separated into four depth intervals: 50-100 km, 100-150 km, 150-200 km,
and 300 km [26]. The background earthquake source model uses a record of significant
earthquakes that have been excluded by subduction and fault zone earthquakes [27].

In the PSHA approach, it is also important to analyse the attenuation function, which
is a simple mathematical equation connecting the seismicity parameters at the epicentre
(Magnitude, M, and Distance, R) with the ground motion parameters (acceleration spectra)
at the review site. The attenuation function is a specific function created from earthquake
data in a particular region, with time history serving as one of the variables required to
construct the function. In addition to using the PSHA, it is important to compute the
maximum ground acceleration value of the PGA in order to improve the accuracy of the
seismic hazard analysis [28]. The computed PGA value is derived from the magnitude and
the distance from the earthquake’s epicentre. Analysis of seismic risk requires determi-
nation of the ground acceleration value, whereas the attenuation equation describes the
link between ground vibration intensity, magnitude, and distance from the seismic source.
Maximum ground vibration acceleration, or PGA, is one of the measures used to estimate
seismic hazard conditions in a region. When it is essential to map the PGA using the PSHA
approach in order to calculate the impacts of each seismic source, the PGA must be mapped
using this method [29].

The results of this research are crucial for inputting parameters into simulations of
slope stabilisation using finite element software such as PLAXIS and Geo Slope. Taking
into account the findings of this investigation, it is anticipated that the modelling results
utilising finite elements will tolerate severe situations such as earthquakes—particularly
for the Sorong-Makbon route (Figure 2) itself (which is situated quite near to cliffs and hills
as illustrated in Figure 3).
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Investigation Location Legend
Sorong-Makbon Corridor Landslides ? 1. Sorong - Makbon
O Node

Figure 2. Investigation Location.

Figure 3. Typical Landslides.

3. Results and Discussion

Earthquake event data in the West Papua area for a period of 52 years, starting from
1970 to 2022, were obtained from the USGS catalogue with the boundaries of the review
area and coordinate points, namely [—0.888744°]-[—0.842297°] Latitude and [131.346°]
Longitude (where for the entire area of West Papua earthquake data were obtained for a total
of 991 earthquake events with magnitudes ranging from 3 SR to 7.7 SR). Earthquake data
were collected from this point using the incorporated research institutions for seismology
(IRIS) catalogue. The coordinate points where the landslide was seen on the Sorong-
Makbon road section are listed in the Table 2 and typical models of landslide that occur are
shown in Figure 3.

From the IRIS catalogue data, data processing WAS then carried out through the
application to analyse earthquakes probabilistically by PSHA. Figure 4 illustrates the
visualization of earthquake distribution pattern data around the research area since 1970.
Meanwhile, Figure 5 shows the maximum magnitude and slip rate of earthquake sources
based on fault and plate paths from the perspective of the Indonesian archipelago. Before
carrying out calculations using the PSHA method, it was necessary to first ascertain the
types of earthquake sources. Earthquake sources are divided into 3 categories, namely:
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The source of the earthquake fault is an upward fault or back arc that occurs on the
mainland plate. Faults are also classified into two types: those caused by geometry
and those caused by plate movement. In addition, the movement of the fault also
consists of two directions of movement, namely dip and strike.

The source of subduction (subduction) earthquakes is a subduction zone or a location
where two active tectonic plates collide. The release of energy due to the movement of
these tectonic plates propagates in the form of waves, causing earthquakes somewhere.
Subduction can be divided into two types based on the depth of the point of the
earthquake, namely subduction interface (earthquake with a depth of 50 km) and
subduction interslab (earthquake with a depth greater than 50 km).

The sources of background earthquakes are earthquake points whose sources have not
been properly identified. Background earthquake sources are also classified based on
their depth, with background interfaces (earthquakes with depth points of 50 km) and
background interslab (earthquakes with depth points greater than 50 km) being the
most common. The maximum depth limit of the source of this earthquake is 50 km,
or the Megatrus area. The “deep background earthquake source model,” which is
Benioff earthquakes or earthquakes with a subduction zone with a steep dive angle, is
used for deeper areas (50 km).

Table 2. Landslide Coordinates.

Num.

Corridor Registered Number

Location Coordinate

Corridor KM/Station

Latitude Longitude
0°53'19.48" S 131°20'47.03"" E

1. 63.031 Sorong-Makbon KM.15 + 250 0.888744° 131.346393°
0°52/52.81" S 131°21'16.73"" E

2. 63.031 Sorong-Makbon KM.16 + 900 —0.881336° 131.354647°
0°52/46.59"" S 131°21'31.63"" E

3. 63.031 Sorong-Makbon KM. 17 + 500 —0.879608° 131.358786°
0°51'59.02” S 131°21'53.84" E

4. 63.031 Sorong-Makbon KM. 19 + 450 0.866394° 131.364956°
0°51'09.82" S 131°22/44.90" E

5. 63.031 Sorong-Makbon KM. 22 + 100 —0.852728° 131.379139°
0°50'42.19"" S 131°23/5.03"” E

6. 63.031 Sorong-Makbon KM. 23 + 300 —0.845053° 131.384731°
0°50'32.27"" S 131°23'6.07" E

7. 63.031 Sorong-Makbon KM. 23 + 800 0.842297° 131.385019°

From the IRIS Catalogue data regarding the history of earthquakes that occurred

in West Papua and its surroundings (Figure 4), several analyses were carried out in the
application, namely:

1.

Magnitude Scale Equalization, where the earthquake data that have been obtained
in the form of the USGS catalogue is equalised to the magnitude scale because the
earthquake source uses different earthquake scales such as local magnitude scale
(mL), body magnitude (mb), surface magnitude (ms), and magnitude moment (M).
In this case, the magnitude scale is converted to the moment magnitude scale (M) or
M > 4, with the source and hypocentre distances of 200-500 km from the location or
observation area of the earthquake source.

Separation of earthquakes (declustering) is the separation of earthquakes between the
main earthquake (foreshock) and aftershocks (aftershocks) using the criteria of time
span and distance.

Logic tree and determination of the attenuation function. This is done for the purpose
of determining the weighting of each earthquake parameter in the use of seismic
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hazard analysis and describing the level of confidence in the parameters used. This
logic tree is also intended for weighting fault earthquake sources, subduction earth-
quake sources, and background earthquake sources by determining the attenuation
function, where the attenuation function is a function of the ground movement accel-
eration data.
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Figure 4. IRIS Catalogue for Historical Data on the Distribution Pattern of the West Papua Earthquake
for the Period 1970-2022.
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Figure 5. Maximum magnitude and slip-rate of earthquake sources.

IRIS Catalogue data from USGS sources for West Papua and its surroundings were
then plotted in the software to facilitate PSHA analysis. Using Figures 4 and 5, the dis-
tribution of earthquakes around the study area can be interpreted and visualized based
on the magnitude as shown in Figure 6 and then narrowed the scope specifically to the
investigation area shown in Figure 7. The output can be seen in the figure below.
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Figure 6. Distribution of West Papua earthquake events for the 1970-2022 period based on magnitude.
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Figure 7. Distribution of Sorong-Makbon area earthquake events for the 1970-2022 period based
on magnitude.

Data processing from the output of the software with uniformity of the magnitude
scale and sorting of earthquake data according to the boundaries of the West Papua region
with the review area, namely the Sorong-Makbon section and its surroundings, was carried
out with the help of Microsoft Excel. The magnitude scale was then converted to one
magnitude moment (M) > 4 and the earthquake data of 59 earthquakes with magnitudes
from 4 SR to 6.6 SR were obtained (Figures 5-7).

The converted data were then declustered with the help of the Matlab-Zmap software.
Earthquake data around the Sorong-Makbon road section is then linked to the depth
variable shown in Figure 8. Separation (declustering) aims to separate the main-shock
earthquake, the aftershock, and the main earthquake. This separation will later become a
reference for determining, characterizing, and modelling earthquake sources. The results of
the separation (Declustering) obtained the remains of the earthquake with varying depths
ranging from 10 km to a depth of 45 km (Figure 8).



Sustainability 2023, 15, 5994

9of 15

Depthlkilometer]

1345

45

315
131 Longitude

Latitude
-25 1305

Selection Outline: Lakes
% Events M8 — main fauliine
£ GK-Declustered(Gardinerknopoff1974) USGS Coastiine

Rivers = Borders
== plate boundaries grid points

Figure 8. Declustering of earthquakes on the Sorong-Makbon section and its surroundings based
on depth.

The modelling and characteristics of earthquake sources were carried out to analyse
the impact of seismic hazards, which describe the historical occurrence of earthquakes in
certain areas, in this case in the West Papua region, especially in the Sorong-MMakbon
section. From this modelling, the parameters a and b were determined, which can be used
to determine and predict the maximum value of the earthquake from the earthquake source.
Parameters a and b were determined using software, which in this case uses the maximum
likelihood method.

Tectonic parameters or b-values (b-values) can reflect local stress accumulation so
that they can be seismic parameters obtained from the relative frequency of the number of
large and small earthquakes in an area. The value of b is used to determine changes in the
physical phenomena observed before the earthquake.

The seismic parameter, commonly called the a-value, is a seismic parameter whose
value depends on the number of earthquake occurrences, volume, and time window that
are within the limits of the review. The seismicity value can indicate the characteristics
of the seismicity level data of an area, or in other words, describe the seismic activity in
an area within a certain period of time, where the relationship between the distribution
of earthquakes and depth, which is dominated by earthquakes with a depth of 100 km as
shown in Figure 9.

14 Depth Histograms

12

10

10 15 20 25 30 35 40 45
Depth

(A)

Figure 9. Cont.
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Figure 9. (A) Frequency Distribution with Depth; (B) Earthquake time period (Time) to Depth
(Depth); (C) Frequency Distribution with Magnitude; (D) Earthquake time period (Time) against
Magnitude on the Sorong-Makbon section.

While the graph of the relationship between magnitude and frequency shows a b-value
of 0.980 for a standard value of 0.12 (Figure 9), this shows that the soil structure in the
Sorong-Makbon section tends to be homogeneous, and with a b-value < 1, it indicates
that this area has a high level of moderate seismicity. The relation between frequency of
occurrence and magnitude is shown in Figure 10. The a-value is 5.780, and the magnitude
of completeness (Mc) is 4.10(Figure 10). This a-value depends on the number of earthquake
occurrences, volume, and time window that are within the limits of the review. The
Mc value was based on the historical earthquake data of the catalogue for the Sorong—
Makbon area since 1970. This means that from 1970 to the present, all earthquakes above a
magnitude of 4.1 have been recorded in the catalogue from 1970 to the present time.
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From this case, a Response Spectrum calculation was carried out, where in the calcu-
lation of the Earthquake Acceleration refers to SNI 1726-2019 concerning Procedures for
Planning Earthquake Resistance for Building Structures and Non-Buildings, SNI 8899-2020
concerning Procedures for Selection and Modification of Ground Surface Motion, and
ISBN 978-602-5489-01-3 concerning the 2017 Indonesia Earthquake Source and Hazard Map
issued by the National Center for Earthquake Studies of the Ministry of Public Works and
Public Housing, where from this standard reference there are several provisions concern-
ing parameters of earthquake acceleration. The value of the amplification factor for the
frequency of earthquakes around the Sorong-Makbon road section is shown in Table 3.
Whereas in Figure 11 the ground motion mapping is illustrated which is mapped based on
color which describes the spectrum response of 1 s and 0.2 s respectively. Furthermore, the
Recapitalization of Spectrum Response Values for Sorong—-Makbon Section Points is shown
in Table 4.

Table 3. The value of the Amplification Factor.

PGA and Period: 0.2 s (Fpga and Fa)

Site Class PGA <01 PGA =0.2 PGA =0.3 PGA =04 PGA <05

Sg < 0.25 Sg=0.5 Sg =0.75 Sg =1.0 Sg < 1.25
Hard Rock (SA) 0.8 0.8 0.8 0.8 0.8
Rock (SB) 1.0 1.0 1.0 1.0 1.0
Hard Soil (SC) 1.2 1.2 1.1 1.0 1.0
Medium Soil (SD) 1.6 14 1.2 1.1 1.0
Soft Soil (SE) 2.5 1.7 1.2 0.9 0.9
Special Soil (SF) SS SS SS SS SS

Period: 1 s (Fv)
Site Class S;: <01 S <0.2 $: <03 S$: <04 S1 <05

Hard Rock (SA) 0.8 0.8 0.8 0.8 0.8
Rock (SB) 1.0 1.0 1.0 1.0 1.0
Hard Soil (SC) 1.7 1.6 1.5 1.4 1.3
Medium Soil (SD) 24 2.0 1.8 1.6 1.5
Soft Soil (SE) 3.5 3.2 2.8 24 2.4
Special Soil (SF) SS* SS SS SS SS

SS *: Sites that require specific geotechnical investigations and site-specific response analysis refer to the determi-
nation of site classification based on SNI 1726:2019.
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Figure 11. (A) Ground motion parameters, S1, maximum considered risk-targeted earthquake
(MCER) for the Indonesian region 1 s response spectrum (critical attenuation 5%) at the BC site (SBC)
(SNI 1726:2019); (B) Parameters of ground motion, Ss, maximum considered risk-targeted earthquake
(MCER) for the Indonesian region response spectrum 0.2 s (critical attenuation 5%) at the BC site
(SBC) (SNI 1726:2019).

Next, the site coefficients of Fa and FV were determined based on SS and S1 values. To
determine Ss and S1 values, data generated from the Spektra Response Program software,
Puskim-Pusgen 2019, and Earthquake Map are used.

It is quite difficult to find a comparison for this investigation because all of the mod-
elling of roads on slopes using the finite element method, such as the PLAXIS program,
do not take into account earthquake loads using the PSHA method. Thus, comparisons
can only be made after there are results of analysis from the same process, in this case
modelling using a finite element device, when it will be possible to see the differences in
the output characteristics produced. This is because, in assuming earthquake loads, most
models only add a multiplier factor to the loads that occur uniformly—unlike the case
with the PHSA method which can provide more specific results based on historical data
of earthquakes that have occurred in a location. Of course, the most striking difference
between the two is the design criteria. If you only use the multiplier factor, you can judge
that the assumption will be immature and can actually cause structural instability when
an earthquake occurs because the earthquake load is assumed to be an additional load.
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By contrast, the PHSA method is able to provide a more thorough and structured picture,
even for several different points. Of course, this is influenced by the distance of different
points from the earthquake location. The effect is that over-design can occur in a structure,
which is why the results of the analysis on the finite element will give a large safety factor
value because the earthquake load is considered an additional load with a multiplier factor
that will be applied uniformly at all test points. However, looking at the events in the field
where this investigation was carried out shows otherwise.

Table 4. Recapitulation of Spectrum Response Values for Sorong-Makbon Section Points.

Item Unit Value
Sta. - 15 + 250 16 + 900 17 + 500 19 + 450 22 + 100 23 + 300 23 + 800
Longitude *) 131.34639 131.35465 131.35879 131.36496 131.37914 131,384,731 131,385,019
Latitude “) —0.888744 —0.881336 —0.879608 —0.866394 —0.852728 —0.845053 —0.842297
Site Class - SD SD SC SC SD SD SD
PGA gal 0.4946 0.49876 0.49876 0.511031 0.521365 0.528557 0.531793
PGAm gal 0.54673 0.54926 0.59852 0.613237 0.573501 0.581413 0.584972
CRs - 0 0 0 0 0 0 0
CR1 - 0 0 0 0 0 0 0
Ss gal 126,491 127,413 127,382 1.305013 1.333556 1,353,878 1,362,628
S1 gal 0.51201 0.51499 0.51465 0.526156 0.536494 0.5441 0.547441
TL sec 11,000 11,000 11,000 10,000 10,000 9000 9000
Fa - 1000 1000 1200 1200 1000 1000 1000
Fv - 178,800 178,501 148,535 1,473,844 1,763,506 17,559 1.752559
Sms gal 1.26491 1.27413 152,858 1,566,015 1,333,556 1,353,878 1,362,628
Sm1l gal 0.91546 0.91926 0.76444 0.775472 0.946111 0.955386 0.959422
Sds gal 0.84327 0.84942 101,906 104,401 0.889037 0.902585 0.908419
Sdi1 gal 0.61031 0.61284 0.50963 0.516981 0.63074 0.636924 0.639615
TO sec 0.14475 0.1443 0.10002 0.099038 0.141893 0.141133 0.140819
Ts sec 0.72374 0.72148 0.5001 0.495188 0.709465 0.705666 0.704097

4. Conclusions

Based on the results of the analysis that has been described, an acceleration value
(PGA) of between 1.2 and 1.5 G was obtained. This confirms the cause of the large number
of landslides on the Sorong—Makbon section, considering that the area and the surrounding
areas are prone to the effects of earthquakes. In view of this, it is recommended that
the design of the handling and strengthening of roads and slopes in the Sorong—-Makbon
Section use a retaining wall with a combination of bore piles to increase slope stability.

Based on the investigations in this study, the mapping of earthquake areas and their
effects has a major impact on the design of a structure. As a fundamental design concept
in engineering, factors like this must be taken into account and become one of the worst
condition assumptions that could occur. Thus, the resulting design will certainly have
a greater safety factor. When compared with the cost, of course, further reviews will
be needed.

This investigation found that most modelling using the finite element method, like
the PLAXIS programme, does not adequately take earthquake loads into account when
modelling roads on slopes. The inclusion of the PHSA method can give more specific
results based on historical data of earthquakes that have happened in a location. The most
important difference between the two is how they were made, as most models only add
a multiplier factor to the loads that happen uniformly. The result is that a structure can
be over-designed, which is why the finite element analysis will give a high safety factor.
However, what happened in the field where this investigation was done shows that this is
not true.
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