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Abstract The accessibility of Indonesian rural
communities in remote areas is still minimal. The disparity
of land and territory in Indonesia is so great that it has
unique characteristics. Rivers, slopes, hills, and other
obstacles separate each region. Until now, the Pedestrian
Cable-Stayed Bridge has been a practical solution for
connecting infrastructure in remote areas. However,
availability and budget become constraints in its
implementation. One of the steps that can be done is to
optimize the size of the Anchor block. Optimization is
needed in design and construction to make construction
implementation easier at a cheaper cost. This paper aims to
explain optimization in designing and constructing the
Anchor Block Pedestrian Cable-Stayed Bridge with a case
study in Celebes Island. Data collection methods include
river typology, river currents, flood water levels,
topography, community social and cultural data, people
traffic, land data, and environmental data. Data processing
uses Indonesian bridge planning standards to obtain the
span length and height of the bridge, type of structure,
material  selection, and implementation method.
Calculation and 3-dimensional modeling using SAP2000
software. The level of structural modeling is done to review
the structure's behavior and control the structure's
deformation value and the internal forces that occur in the
structure. The research results show that weather and
earthquake conditions that differ from other areas cause the
potential for structural failure in Celebes Island to be higher.

Optimization of the anchor block is done by reducing its
dimensions, but it must still meet the technical rules. A
reduction in size and volume of up to 10% can still
withstand the required load. Earthquake loads, sliding, and
overturning are essential parameters in designing and
constructing Pedestrian Cable-Stayed Bridge on Celebes
Island.

Keywords  Anchor Block, Pedestrian Cable-Stayed
Bridge, Optimization

1. Introduction

The accessibility of rural communities in Indonesia for
their daily activities is minimal. Indonesia's area and
regional disparities are so large that they have unique
characteristics. Each region is separated by obstacles such
as rivers, slopes, and hills. Connectivity between areas, of
course, requires a bridge in the form of a bridge. Weak
transportation infrastructure causes limited accessibility for
people in rural areas. Moving towards education, health,
government services, and trade facilities has become
complex and expensive [1]. Many sites with these
conditions in Indonesia still require connecting bridges. In
some locations, many existing bridges connecting two
places in rural areas are in damaged condition.

Limited conditions to provide the infrastructure that
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meets expectations certainly have their challenges. The
type of road and bridge infrastructure selection must
consider several aspects, including economic, technical,
and environmental conditions [2]. These considerations
include the cost of building a bridge as minimal as possible.
Pedestrian cable-stayed bridges are easy to install, and
maintain, access, and benefits for those using them.
Therefore, the bridge site selection process must consider
all aspects of bridge installation and connecting roads or
bridge access.

The need for a Pedestrian Cable-Stayed Bridge,
programmed by the Government of the Republic of
Indonesia since 2015, is estimated to reach thousands. The
aim is to help the community to mobility in various regions.
In 2017, the Government of the Republic of Indonesia,
through the Directorate General of Highway, built
hundreds of Pedestrian Cable-Stayed Bridges spread across
several areas throughout Indonesia [3]. Fulfilling these
needs requires a variety of detailed technical approaches.
The conditions of different regions and locations cause the
government to pay close attention to the necessary design
criteria. Manufacturing, which has been concentrated in
Java, especially Jakarta, has made it more challenging to
fulfill needs in other areas.

Celebes Island is an area with a uniqueness that requires
special attention. The geological condition of the Celebes

Islands region consists of mountains, valleys, and rivers [4].

The state of the landscape that separates the location where
people live from schools, markets, and other settlements
requires the construction of a practical pedestrian bridge
that meets technical requirements. These basic needs are
highly anticipated in remote areas and have yet to be
touched by development. Therefore, some of the natural
conditions and the road and bridge infrastructure facilities
on Celebes Island meet the criteria for the Pedestrian
Cable-Stayed Bridge to be built.

Pedestrian Cable-Stayed Bridge combines bridge
structures made simple but safe [5]. Like a typical bridge,
the Pedestrian Cable-Stayed Bridge is divided into upper
and lower structures. An anchor block is a substructure that
utilizes gravity for all types of soil, which supports the ends
of the leading cable and transmits the forces it carries to the
foundation. Tower foundations and anchor foundations
function as tower supports and anchor blocks and transfer
loads and points acting on the supporting soil layer. The
structural needs must be met varied, which becomes very
important when faced with conditions and location criteria
such as on Celebes Island.

The Pedestrian Cable-Stayed Bridge location criteria
include several main factors [6]. Among them are bridges

for pedestrians whose condition is critical or even collapsed.

Furthermore, the bridge is used by school students and
economic residents between villages and connects at least
two villages. Then the access is twisted if there is no
suspension bridge far enough, at least 5 kilometers, and the
condition of the access road allows for mobilizing the
suspension bridge frame. The suitability of these criteria
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with the natural requirements of Celebes Island is the main
reason for the preparation of this paper.

Three criteria must be met in designing an anchor block:
ultimate limit state (ULS), serviceability limit state (SLS),
and cost. However, it is this third criterion that becomes a
challenge in itself for an engineer. The anchor block design
must be carried out carefully to produce optimal cost and
quality. The metaheuristic method is a method that can be
used to solve complex optimization problems to get
optimal results.

The purpose of this paper is to describe the Design and
Construction of an Anchor Block Pedestrian Cable-Stayed
Bridge with a case study on Celebes Island.

2. Literature Review

The suspension bridge is a structured system that uses
the primary load-bearing wire rope traffic and self-weight.
In this system, the main wire rope carries several hangers
that connect the main wire rope to the bridge structure. The
main wire rope is connected to the two pylons. It extends
along the bridge ending at anchorages at both ends to resist
vertical and horizontal movements due to the applied loads
[7]. The saddle and roller are attached to the pylon, which
guides the primary wire rope. This bridge system is one
system that can accommodate the longest span of all
existing bridge structural systems. The consideration of
using a suspension bridge type is that the structure can be
made for long spans without using a pillar in the middle.
Pedestrian Cable-Stayed Bridges are generally designed to
accept small loads and long spans [8]. Because the
Pedestrian Cable-Stayed Bridge has a long span and a small
load, it should only be passed by pedestrians and light
vehicles, such as two-wheeled vehicles.

Suspension bridges have main parts as bridge
compounds, including hanging arches and hanger rods
made of steel cables [9]. The straight section has a function
to support traffic or as a bridge deck. The primary structural
system of a pedestrian cable-stayed is a suspension bridge.
The Pedestrian Cable-Stayed Bridge is unconnected
directly to the pillars, so the bridge can sway if there is a
gust of wind. Based on the planned traffic load, pedestrian
cable-stayed bridges are divided into two types. The two
types are without stiffeners and using stiffeners. All cable-
stayed bridges are distinguished by the load each structure
will serve.

Pedestrian Cable-Stayed Bridge, without stiffeners, is a
bridge that is fully self-loaded, and cables fully support
traffic. Suspension bridges without stiffeners are only used
for simple bridge structures and not to withstand large loads.
Steel cables fully support a dead and traffic load on the
suspension bridge through hangers without fully stiffening
the pack. In general, suspension bridges without stiffeners
are used for pedestrians and have a width of 1m-1.8 m.
Therefore, pedestrian bridges are divided into two classes
according to the planning and implementation guidelines
for suspension bridge construction. In addition, the
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Pedestrian Cable-Stayed Bridge with stiffeners is a
suspension bridge with a stiffener frame. When viewed
from how the structure is built, the stiffeners on the
suspension bridge are divided into two: the stiffener girder
on the suspension bridge is made on the vehicle floor, and
the stiffeners on the bridge are given on the suspension
bridge cable [10].

Another structure is the pylon on the suspension bridge
system will be the primary cable support. The load carried
by the cable is then transmitted to the pylon, then spread to
the ground through the foundation [11]. Thus, to distribute
the load correctly, it is also necessary to know the shape or
type of pylon used. The tower's shape can be a portal,
multistory, or diagonally branded frame. The tower
construction can also be cellular, made of sheet steel plate,
hollow steel, or reinforced concrete. Steel tower supports
can usually be assumed to be pinned or jointed. While the
cable support is at the top of the tower, roller support is
often used to reduce the influence of tower imbalance due
to cable deflection.

Cables are the primary material or material in the
suspension bridge structure. The cable structure of the
suspension bridge consists of the main cable and the
suspension cable [12]. The main cable is a cable that
functions as a hanger cable holder and distributes the load
from the hanging cable to the tower. A hanging cable is a
vertical/diagonal cable that serves as a floor hanger and
transmits the load from the floor to the main cable. Cables
with soft cores are not permitted in this suspension bridge.
In addition, the cables must have a minimum yield stress of
1500 MPa. The carrying cable is in the form of strands
made of high-quality material with a minimum tensile
strength of 1800 MPa.

The cable that is the load bearer will hang on the pylon,
while the end of the cable must be tethered to the anchor
block [13]. The dimensions of the anchor beams must be
designed to have a capacity more significant than the force
on the backstay cable (withstanding a minimum strength of
120% of the tensile force of the backstay cable). Anchor
beams must be planted in the original soil, intended so that
the forces acting on the cable force, passive soil pressure
and gravity can meet at one catch point and not roll over.
To manufacture Anchor blocks, they can be made of
concrete or masonry. There are several styles for a style that
works on the anchor block. The forces acting on the anchor
block are the self-weight of the anchor beam, the earth
pressure force, and the shear force on the anchor block base
and walls.

The part that receives pedestrian loading is the deck. The
deck design is a longitudinal structure that supports and
distributes traffic loads, acts as a link to the lateral system,
and ensures the aerodynamic stability of the structure. In
planning the bridge deck, it is necessary to consider the
vertical airflow factor and the deck's dead load [14]. Using
the deck system can increase the rigidity of the suspension
bridge construction. Materials usually used in bridge decks
are reinforced concrete with lightweight, orthotropic decks
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or hollow steel partially filled with concrete. The effect of
steel or concrete material shrinkage on the deck must be
considered carefully. If the swelling and shrinkage are not
controlled, it will cause additional stress on the deck
structure. Besides that, it can also cause damage to the deck
construction. For this reason, expansion joints should be
used every 30-40 m to prevent damage to the deck and main
structure [15].

The suspension bridge's design and type dimensions
must be designed to withstand the load capacity. Live and
dead loads on a suspension bridge are closely related to the
original soil conditions at that location. After obtaining the
reinforcement configuration, the force acting on the
suspension bridge foundation is obtained. Then, the
bridge's loading on the foundation is analyzed to get the
force working on the foundation. Lastly is the function of
safety and comfort, namely the design of the railing and
backrest. The backrest on the Pedestrian Cable-Stayed
Bridge is made to provide a sense of security for users [16].
The standard in Indonesia is to have a minimum height of
1 meter. Things to do in planning the backrest pillars
include determining the dimensions of the backrest pipe,
then selecting the load on the backrest, and controlling the
moment of the backrest. The choice of material and design
must consider the Pedestrian Cable-Stayed Bridge's type
and dominance. Implementation in the field should be
adapted to local wisdom to meet the needs of aesthetics and
appropriateness to the environment.

3. Methods

This research begins by designing a suspension bridge
structure using the Indonesian loading reference. The
regulation used is the Minister of Public Works Letter No.
02/SE/M/2010 concerning the Implementation of
Guidelines for Planning and Implementation of Pedestrian
Cable Stayed Bridge Construction. Another factor to be
considered is the loading behavior of bridge users. The
pedestrian can walk across it with four variations of the
loading location and 80 variations of the load, which will
result in the probability value of the bridge structure failure
against the variation of the load that has been made. The
availability of large, reasonable, and regular data can
provide an excellent scientific approach [17]. Data
collection methods include river typology, river currents,
flood water levels, topography, socio-cultural data of the
community, traffic of people, land data, and other
environmental data. Data processing uses planning
standards to obtain the length of the span and the bridge's
height, the type of structure, the selection of materials, and
the implementation method.

The design of the bridge dimensions is carried out for
each element. It starts from the floor slab elements,
longitudinal and transverse beam elements, hanger
elements, cable elements, and finally, the bridge pillar
elements. This calculation considers the yield stress of the
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bridge material compared to the design load received by the
bridge. The output of this stage is the dimensions of the
suspension bridge elements used in the overall bridge
modeling to check the strength and deflection requirements
of the bridge structure globally. The structural dimensions
obtained in planning the features are applied in the
modeling. Finally, the structural modeling stage is carried
out to review the behavior of the structure and control the
value of structural deformation and internal forces that
occur in the design.

Variations in static loads are generated by live loads
entering the suspension bridge. Furthermore, the live loads
allowed to enter the type | pedestrian bridges are
pedestrians and two-wheeled motorized vehicles. The
condition of pedestrians entering the suspension bridge
varies based on the people's weight in Indonesia. For
variations in data on two-wheeled vehicles, many types and
brands of motorized vehicles are used in Indonesia. This
study limited the motor vehicles used to only three popular
brands.

3.1. Optimization Problem Formulation

The Pedestrian Cable-Stayed Bridge construction
project has two foundations: the foundation for block
anchors and the foundation for pylons. In this study, the
thing studied is the block anchor foundation. The diameter,
block anchor dimensions, and depth are considered in
making the foundation. The larger the foundation's
diameter and the block anchor's dimensions, the greater the
costs incurred and vice versa. Meanwhile, the block anchor
dimensions could be more efficient in holding the load of
the building above it, so an optimization process is needed.
To get optimal optimization results, it takes variables,
constraints, and goals to be achieved.

3.2. Objectives

The objective function is a function formulation that
describes a value that is the optimization process's goal.
The desired goal of this research is cost optimization. The
objective function used is formulated in Equation 1.

f(X) = CeVe + CffAff + CTVVT + CCVC + Cbe (1)

Where:

f(X) = Objective function (IDR)
Ce=  excavation costs (IDR/md)
Ve=  Excavation area (m®)

Ck=  Formwork cost (IDR/m?)
A= Formwork volume (m?)

Cr=  Reinforcement cost (IDR/kg)
W= Reinforcement weight (kg)
Cc.=  Concrete cost (IDR/m®)

Vc=  Concrete volume (m®)

Co=  Backfill cost (IDR/md)

Vo= Backfill volume (m®)

The optimization approach in finding optimal solutions
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with multiple objectives is to approach the MOO
optimization solution group, which consists of all the
objective vector search space elements. This concept is
known as Pareto optimality or Pareto efficiency. The Pareto
approach is taken from Pareto Vilfredo, the Italian
economist who first introduced the optimization concept.
In optimization, the concept of the Pareto front is used to
find a set of optimal solutions. The feasible area is an area
that represents all feasible solutions for all objectives. This
solution satisfies the system constraints, but the optimal
solution is in the lower left area of the feasible area (in case
of minimization).

3.3. Constraints

In optimizing the dimensions of the block anchor, a
constraint is needed. These constraints ensure that the
design resulting from the optimization process does not fail.
The constraints used are the bearing capacity limit state and
the shear force of the concrete limit state. The conditions
for the limits used in this study refer to SNI8460:2017, SNI
2847:2013, and Bearing Capacity Theory. In SNI
8460:2017, the minimum safety factor for deep foundations
is presented. SNI 2847:2013 regulates the requirements for
installing horizontal and vertical Reinforcement and
calculations for design shear forces and design bending
loads. The bearing capacity theory is used to perform
structural design calculations related to soil data
calculations.

4. Results and Discussion

The location selected for the Pedestrian Cable-Stayed
Bridge must consider several aspects, including economic,
technical, and environmental conditions. These
considerations include, among others, the cost of
constructing a bridge to a minimum; ease of installation and
maintenance; ease of access, and providing benefits for the
people who will use it; located in areas with minimal risk
of river flow erosion. The bridge site selection process must
also consider all aspects of bridge installation and
connecting roads or access. In its function as an opening for
transportation access between two locations separated by a
barrier, in determining the location for implementing the
Pedestrian Cable-Stayed Bridge, it must consider the
accessibility that exists and will be available after
construction at that location. The site chosen must provide
reasonable access for materials and workers so that the
supply of construction materials can be smooth during
construction. After the Pedestrian Cable-Stayed Bridge is
completed, the location of the bridge must be able to
support the local community, especially in terms of
accessibility to meet the needs of the local community's
economic activities, access to education centers, and
administrative centers. The location of the Pedestrian
Cable-Stayed Bridge implementation can be seen in Figure
1.
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Celebes Island

o0

2% Indonesia

Province Of South Celebes

Figure 1.

The infrastructure suitable for the area on the map is a
suspension bridge. It has several advantages, including
affordable costs to build, taking a short time to complete,
and an aesthetic that can be enjoyed and add to the area's
attractiveness. The selection of the suspension bridge
location has considered several aspects. The first is the
economic aspect. The cost of constructing a bridge must be
as minimal as possible. Both are technical aspects and easy
to build and maintain. Parts of convenience are easy to
access and benefit people using the bridge in areas with
minimal risk of river erosion.

4.1. Anchor Block Optimization

In the structural design of the Pedestrian Cable-Stayed
Bridge, it is a suspension bridge without stiffeners.
Pedestrian Cable-Stayed Bridge on Celebes Island is a
structure that uses a portal frame in the form of a pylon, and
at the end of the cable is supported by a pin. The Pedestrian
Cable-Stayed bridge is modeled with a 3-dimensional
system using SAP2000 software. The 3D structure
modeling aims to get the values and styles obtained to
resemble and approach the original. Pedestrian Cable-
Stayed Bridge planning criteria need to be understood as
the basis for the construction implementation process in the
field. Determination of the elevation of the bridge floor, the

Location of Pedestrian Cable-Stayed bridge on Celebes Island

width of the bridge floor, the design load of the bridge, the
main aspects of bridge planning, the material of the
structure, the tensile force of the main cable, the deflection,
the function of the Pedestrian Cable-Stayed Bridge
elements are several stages carried out in the planning.

The design dimensions of the anchor beam must be
designed to have a greater capacity than the force on the
backstay cable (withholding a minimum strength of 120%
of the tensile force of the backstay cable). In addition, the
anchor beam must be planted in the original soil so that the
forces acting on the cable, the passive pressure of the soil,
and the force of gravity can meet at one point of capture
and not topple over. The manufacture of Anchor beams can
be made of concrete or masonry. For the force acting on the
anchor beam, there are several forces, including them.

In planning the construction of a bridge, the structural
elements that make up the overall construction need to be
calculated accurately and effectively, and pay attention to
the structure's economics. The planning is generally
explained in the order of planning for the superstructure,
the substructure, and the complementary building for the
bridge. Bridge design standards set out the main planning
criteria that need to be considered to ensure that pedestrian
bridges are safe and suitable for their users. These criteria
include the following. The structural elements and systems
of the bridge must be strong enough to withstand the live
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and dead loads defined above, with sufficient limits for
safety to allow for unanticipated loads, material properties,
construction quality, installation, and maintenance.

Furthermore, the deflection of the pedestrian bridge must
not be deflected to the extent that may cause anxiety or
discomfort to the user or cause the beams to be installed to
become uneven. The maximum limit for pedestrian bridge
beams and trusses is the maximum deflection at a quarter
of the pedestrian bridge span when loaded by live loads
evenly over it. At the same time, the dynamic load on the
pedestrian bridge may vibrate due to wind or people
walking on it. However, this burden can be overcome by
wind ties and restrictions on pedestrian lines.

The anchor block structure is part of the substructure of
the Pedestrian Cable-Stayed Bridge. The anchor block used
in the Pedestrian Cable-Stayed Bridge on Celebes Island is
a type of gravity for all types of soil that supports the ends
of the leading cable and transmits the forces it carries to the
foundation. Tower foundations and anchor foundations
function as tower supports and anchor blocks and transfer
loads and forces acting on the supporting soil layer. The
bridge is designed not to use a stiffening structure.

== Paccerakang Village

< I
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Pedestrian Cable-Stayed Bridge without stiffeners is only
used for simple structures and not for complex systems and
serves to withstand too heavy loads.

Pedestrian Cable-Stayed Bridge is a bridge where cables
fully support all self-loading and traffic. This concept is
due to the bridge's absence of rigid structural elements. In
this case, the straight section keeping the traffic floor is a
simple structure, an ordinary beam. In the overall structure
calculation, the stiffness (EI) of this traffic floor support
structure should be addressed so that steel cables will fully
support all dead loads and traffic loads through the hanger
dimensions. The structure of the chord block is designed to
have a greater capacity than the force on the backstay cable.
Therefore, the line of action of the cable force, passive
earth pressure, and the gravity force of the anchor block
must be greater than the lift and shear forces caused by the
cable to prevent it from rolling over. In this case study, we
will describe the optimization of the size and volume of the
anchor block structure in the Pedestrian Cable-Stayed
Bridge on Celebes Island, the plan of which can be seen in
Figure 2, and the position of the anchor block in Figure 3.

Kamanre Village |:'|>

20.00
Anchor Block

80.00

20.00
Anchor Blok
Pylon Fondadtion /
: ==t

j Pylon Fondation

Figure 2. Pedestrian Cable-Stayed Bridge on Celebes Island
== Paccerakkang Village
P1 Pylon
=
I \\2@0 2000 Hanger
T~ Primary Cabl S
Anchor Block | Ao Cate S
— 9]
T CL
1
L e R Flood +15.71
- 2 Z [ Ao ¥
TR Wing Wall
Pondation Normal +9.30

Figure 3. Detail of Pedestrian Cable-Stayed Bridge on Celebes Island structure
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Initially, the dimensions of the anchor block were 8 x 10
m2, but it encountered several obstacles when implemented
in the field. These constraints are the availability of land
and limited funds, so it is necessary to reduce the
dimensions of the anchor block. In addition, the budget is
needed for other activities, such as increasing the access
road length. Therefore, the financing and limited land
optimization are done by reducing the dimensions of the
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anchor block to 7 x 9 m2. The optimization of anchor block
dimensions and volume is done by analyzing the structure
with initial parameters. The parameter is material
characteristics, soil conditions, anchor block dimensions,
load, shear, moment, and seismic. Calculations use manual
analysis by considering the standard calculation rules.
Calculation details can be seen in Table 1.

Table 1. Detail of calculation
No. Description Symbol Value
1 Compressive strength of concrete Fe’ 20 MPa
2. Elastic modulus of concrete E 21019,04 MPa
3. The specific weight of concrete Ye 24 KN/m?
4. The specific weight of masonry Vp 22 kN/m?3
5. Volume weight of selected material Y1 19 kN/m?
6. N-SPT 10
7. Friction 30 °
8. Cohesive 5 kN/m?
Nc 20,14 °
Ng 18,4 °
Ny 15,67 °
9. Anchor block dimension
B H1 15 m
H2 34 m
b ——>F
H3 2,5 m
- 9
B 8 m
5 —>F
L 10 m
' B1 B2 ‘B3 B4 L1 2 m
L2 3 m
B1 B1 1 m
B2 5 m
~ B3 1 m
I
B4 1 m
[s2]
T a 35 °
B F 656,4 kN
10. Horizontal Tensile strength H 1075,382 kN
11. Vertical Tensile strength \Y 752,991 kN
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Furthermore, in construction, it is necessary to pay
attention to the problems that often occur, such as cost
overruns, late implementation times, and the quality of
work that does not match technical specifications, leading
to rework. Several factors, such as human error, insufficient
workers, design changes, materials and tools limitations,
and improper construction work methods, cause this.
Resource use influences project performance, as the five
construction management tools: are money, human
resources, material, method, and machine. Alternative
work methods can be applied in various projects, such as
utilizing local resources through community empowerment.
So that in addition to determining material specifications,
planners must also pay attention to the steering wheel.

The results of the structural analysis carried out obtained
the shear and moment values of each parameter set. The
shear that occurs in the anchor block is the force
transmitted by the cable obtained from the results of
mechanical calculations on the structure of the building. In
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this plan, the forces acting on the planned foundation can
be seen in Table 2.

After getting the structural analysis, the overturning test
is then carried out. Overturning stability is related to the
moment in the anchor block structure. The moment occurs
because of the lateral soil forces against the anchor block,
both active and passive earth pressure, on the overturning
point of the structure. In addition, there will be a moment
of resistance due to the structure's weight against the
overturning point, which will serve to withstand the
overturning moment due to the active force of the soil. For
the next step, it can be calculated and summarized as the
calculation of moment forces as shown in Table 3 moment
(KN.m) = shear (kN) x distance (m). The results of the
simplified analysis in the table obtained acceptable results,
both for the initial dimension (1.71) and the dimension after
optimization (1.62). Furthermore, the same thing is done
for overturning seismic conditions by adding seismic load,
with the results still being safe.

Table 2. Recapitulation of anchor block shear
Shear
No. Weight Code
P(kN) Tx(kN) Mx(KNm)
1. Tensile strength -752,99 -1075,40 8468,91
2. Anchor block self-weight MS 6346,20 7932,75
3. Lateral load (active) TA -224,96 -768,50
4. Lateral load (passive) TP 2024,40 6916,20
5. Seismic load EQ -52,05 -146,36
Table 3. Overturning
Shear
No. Weight
P(kN) Tx(kN) Mx(kNm)
Counterweight
1. Anchor block self-weight 6346,20 7932,75
2. Lateral load (passive) 2024,40 6916,20 :
> 14,848,95 N l
Overturning A
1. Tensile strength -752,99 -1075,40 8468,91
2. Lateral load (active) -224,96 -768,50
3. Seismic load sf = % Check
S mg (Before) -9237,39 1,69 >1,5 (OK)
(After) 1,52 >1,5(0K)
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The strength of the suspension bridge must be strong
enough to withstand the live and dead loads acting on the
suspension bridge. Suspension bridge strength is designed
with sufficient limitations to allow for unexpected loads
such as material properties, quality of construction, and
maintenance. As well as, the deflection on a pedestrian
suspension bridge has limitations—allowable deflection to
prevent the suspension bridge from causing anxiety or
discomfort when using the suspension bridge. The
maximum deflection limit for trusses and beams of a
suspension bridge is a quarter of a pedestrian suspension
bridge when asymmetrical live loads are applied.
Furthermore, the dynamic load on the pedestrian
suspension bridge can be caused by people walking on the
bridge, or the wind can also cause it. However, the dynamic
load on the pedestrian suspension bridge can be overcome
by providing a line of pedestrian boundaries and making
wind ties to reduce the wind, which gives dynamic loads to
the suspension bridge. One thing that should be
remembered is the calculation of the anchor cable. The
anchor cable is a cable whose geometric length is between
the center point of the anchor beam, the ground surface, and
the saddle's center. The net length of the anchor cable in
free-load conditions is the precise distance between the
anchor tip axis and the saddle. Correction of crossing
angles of cables and anchor beams is small and negligible.
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Corrections for reduced length according to the dimensions
of the anchor beams, correction for additional length
according to the curvature of the cables in the saddle,
correction for stretching length, namely the theoretical
length multiplied by the cable tension due to full dead load
and divided by elastic modulus value.

The next step is to calculate the sliding stability for each
anchor block. To simplify the calculation, the data that does
not exist is calculated beforehand, shown in Table 4.
Excessive shear forces can cause the failure of the
horizontal structure. This motion causes the structure to
undergo horizontal deformation or displacement. The
magnitude of the earthquake force that works significantly
affects the primary shear force in the building structure.
Especially if the anchor block structure stands on land with
a particular slope, structures with short columns usually
experience the greatest structural failure. The results of the
sliding stability test are declared safe. Shear and
overturning forces are critical in designing anchor block
pedestrian cable-stayed bridges in Celebes Island. The
condition and type of soil and the very high potential for
earthquakes can cause a drastic weakening of the strength
of the structure. Therefore, great care is required so that the
planning and execution of construction are not caused
bridge failure.

Table 4. Sliding stability

No Load sliding (kN)
Counterweight
1 H=(qu)+(1/2x Yy x H2 x Kp x L) 17510,46
D 17510,46
Sliding load R
1. Tensile strength -1075,40 o
2. Lateral load 224,96
3. Seismic load sf= % Check
Z Mg 850,42 20,59 (Before) >1,5 (OK)
17,75 (After) >1,5 (OK)
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Table 5. Comparative of anchor block structure optimization

Anchor Before After
: H1 15 'm H1 15 |m
Jhﬂ H2 34 |m H2 34 |'m
Ay H3 25 |m H3 1,8 |m
I 8 m 7 m
J‘QH L 10  |m L 9 m
e L1 2 m L1 18 |m
B1 82 B3, B4 L2 3 m L2 3,2 m
N E B1 1 m B1 05 |m
2 B2 5 m B2 5 m
. B3 1 m B3 1 m
5 B4 1 m B4 0,5 m

From the calculations that have been simulated, the
bearing capacity is obtained with a safety factor (qu/ga) >
2.00 while the degradation value (si) is 0.84 or < 1, so it is
declared safe. The last is Vu 53.12 < V¢ 469.57, so it can
be concluded that the proposed dimensions meet the
requirements and can be implemented. Therefore, the
optimization results of reducing the dimensions and
volume of the anchor block are acceptable and can be
implemented. The results of optimizing anchor block
dimensions can be seen in Table 5.

Implementing reinforced concrete must be under the
planning data and following the specifications. For
installation of the anchor, angles must follow the Plan
Drawing. The angle of the leading cable must be the same
as the angle of the embedded steel profile so as not to cause
a moment of force. The casting of anchor blocks can be
carried out after the Supervisory Consultant checks and
ensures that the anchor angles follow the plan and that the
bonding of anchors and Reinforcement is strong enough.

To develop a good model, numerical simulation using
actual data is required. The database subset used is related
to 4 block anchors consisting of inbound and outbound.
The results of this study can be used to find a Pareto
solution for the optimization of block anchor dimensions
directly. However, post-optimization decision-making still
requires advanced methods that can be used to select the
final solution. The final solution can be illustrated during
model implementation.

All stages and procedures for constructing a suspension
bridge that regulates procedures and workflow must be
considered. Coordination between stakeholders so that they
can support the implementation of the construction of a
pedestrian suspension bridge following quality, time, and
function. Apart from that, it must be safe and meet the main
technical planning principles of the bridge so that the

community can utilize the results according to the planned
age. A suspension bridge that can only be passed by
pedestrian traffic, light vehicles such as bicycles, carts,
animal-drawn vehicles, and motorbikes, and in an
emergency, can be passed by a maximum of three-wheeled
light motorized vehicles.

5. Results

Natural conditions and resource availability in
implementing pedestrian cable-stayed bridges in Celebes
Island are dynamic. Stable land limitations and costs are a
challenge for implementers. Changes in bridge design due
to limited land and budget need to be evaluated in detail. In
addition, weather conditions and earthquakes that are
different from other areas cause a higher potential for
structural failure. Anchor block optimization is done by
reducing its dimensions but must still comply with
technical rules. The results showed that the reduction in
size and volume by up to 10% was still able to withstand
the required load. Earthquake loads, sliding, and
overturning is essential parameters in designing and
constructing the Pedestrian Cable-Stayed Bridge on
Celebes Island.
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