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Article Info  Abstract 

Article History:  Suspension bridges are vital infrastructure in an archipelagic country like 
Indonesia, which demands high structural reliability under complex geographic 
conditions. This research aims to numerically investigate the structural behavior 
of anchor connections on pedestrian suspension bridges to ensure their 
compliance with applicable safety standards. A two-stage comprehensive 
approach using Finite Element Method (FEM) is applied in this study. The global 
structural response was modeled using CSi Bridge software, while detailed micro 
modeling of the anchor joints was developed with ABAQUS/CAE which 
accommodates material non-linearity and contact interactions between surfaces. 
Seismic loading is simulated through time history analysis based on the local 
earthquake response spectrum. The simulation results show that under static and 
seismic conditions, the anchor connection remains within the elastic limit and 
meets all safety criteria required. Performance evaluation confirms that all anchor 
connection components satisfy the demand-capacity ratio requirements. This 
integrated FEM framework provides a robust methodology for planning and 
evaluating suspension bridge anchorage system in earthquake-prone regions, to 
improve structural reliability and safety. 
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1. Introduction 

Suspension bridges are a vital piece of infrastructure that plays an important role in connecting 
areas with challenging geographical conditions, such as valleys, rivers or straits. Its structural 
advantages, such as the ability to span long spans with efficient use of materials and high aesthetic 
value, make it a popular choice in the construction of transportation infrastructure, including 
pedestrian bridges [1,2]. However, the flexible nature of suspension bridge structural systems also 
makes them vulnerable to dynamic loads, including earthquake loads, which have the potential to 
threaten the safety and reliability of the structure [3,4]. This vulnerability is exacerbated by 
Indonesia's location in an active seismic zone, with the potential for high-magnitude earthquakes 
due to complex tectonic plate interactions.  

One of the critical components in a suspension bridge system is the anchor connection, which 
functions as a link between the steel pylon and concrete pylon in a composite pylon system. This 
connection plays an important role in transmitting forces from service loads (such as dead load, 
live load, and wind) as well as seismic loads between pylon sections with different materials [5,6]. 
In the context of steel structures, column base connections have long been identified as critical 
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components whose behavior significantly influences the performance of the entire system [7,8]. 
Failure of anchor connections can compromise the structural integrity of the pylon and potentially 
affect the overall stability of the bridge [9,10]. Therefore, an in-depth understanding of the behavior 
of anchor connections under various loading conditions is very important, especially in designing 
earthquake-resistant and reliable structures [11]. 

Previous research has developed various analytical methods to evaluate the performance of bridge 
structures, including the use of the Finite Element Method (FEM). FEM enables accurate numerical 
modeling to analyze structural responses under static and dynamic loading conditions, including 
the simulation of non-linear behavior of materials and interactions between components [12,13]. 
To study the behavior of these complex connections, finite element modeling (FEM) has been 
proven to be able to represent the actual conditions of the structure with high accuracy [14,15]. A 
well-calibrated FEM model allows accurate simulation of structural response under various loading 
scenarios, including dynamic and seismic analysis of critical components [16-20]. However, studies 
that specifically integrate macro and micro modeling to analyze the behavior of anchor connections 
in pedestrian suspension bridges under combined service and seismic loads are still limited 
[21,22]. The gap in this research lies in the limited nature of holistic analysis, especially one that 
simultaneously considers the interaction between the global behavior of bridge structures and 
local responses at critical connections [23,24]. In addition, evaluation of the performance of anchor 
connections under various realistic earthquake scenarios, especially those that represent the 
seismic characteristics of the local area, has not yet been studied comprehensively in the literature. 

Recent studies of column base connections emphasize the advantages of extended anchor 
configurations in improving seismic performance. Experimental evidence shows that anchor bolts 
with a minimum tension length of four times their diameter produce more ductile connections and 
are able to absorb earthquake energy more effectively [25,26]. In addition, field observations 
following large earthquakes such as the 2010 Maule Earthquake in Chile inform the superior 
performance of connections with well-planned details, where connections with adequate strain 
lengths show exceptional resistance to cyclic loads [27,28]. To achieve optimal design, standards 
such as AISC 341-16 and ACI 318-19 provide a framework and practical recommendations, 
including the ratio of free length to bolt diameter to guarantee performance [7,29,30]. Extensive 
validation of FEM modeling has also demonstrated its effective capability in predicting the cyclic 
response of joints, including hysteresis patterns, rotational capacities, and failure mechanisms 
[31,32]. The selection of the pedestrian suspension bridge in Bogor Regency as a research object 
was based on three main considerations. First, the topography of Bogor Regency, which is hilly and 
has river valleys, makes suspension bridges the most economical and structurally efficient solution 
compared to beam or arch bridges, which require large foundations or expensive intermediate 
pillars. Second, this bridge functions as an important link between two densely populated 
residential areas separated by a steep ravine, with around 500 people crossing every day, including 
school children and local farmers. Third, Bogor Regency is classified as a high earthquake risk zone 
(PGA 0,4913g), so evaluating the seismic performance of suspension bridge anchor connections at 
this location provides valuable insight into infrastructure in areas with similar geological 
conditions throughout the Indonesian archipelago. 

Based on this background, this research aims to identify the behavior of anchor connections on 
pedestrian suspension bridges under the influence of service loads and seismic loads using the 
Finite Element Method (FEM) approach. This study integrates macro modeling of the bridge 
structure as a whole using CSi Bridge v25 software with detailed micro modeling of anchor 
connections using ABAQUS/CAE. The research location is the pedestrian suspension bridge in 
Bogor Regency, West Java, located at coordinates 6°42’ S latitude and 106°52’ E longitude, which is 
in an active seismic zone. The analysis method used includes a detailed evaluation of the anchor 
connection design parameters under service and seismic loading conditions, including time history 
analysis using earthquake recordings that correspond to local seismic characteristics [33]. 

With this comprehensive approach, the results of this research are expected to not only identify the 
force transfer mechanisms and stress distribution patterns in anchor connections [34], but also 
evaluate their performance based on parameters such as displacement, stress, and strain. It is 
hoped that the results of this research can provide design recommendations that increase the 
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reliability and safety of anchor connections on suspension bridges in seismic areas, as well as 
contribute to the development of planning guidelines that are more adaptive to the characteristics 
of earthquakes in Indonesia. Apart from that, this study is also expected to enrich civil engineering 
literature regarding the application of FEM in the analysis of the structural behavior of suspension 
bridges under extreme loading conditions, as well as becoming a reference for the development of 
more robust design standards in the future.  

This study contributes to the existing literature in several significant ways. First, it presents an 
integrated macro-micro finite element modeling approach for pedestrian suspension bridge 
anchor connections, combining global structural analysis (CSi Bridge) with detailed local modeling 
(ABAQUS/CAE). This integration allows for a comprehensive understanding of anchor behavior, 
from overall structural response to local stress and strain distributions. Second, it evaluates anchor 
performance under both static service loads and seismic time history analysis using site-specific 
earthquake parameters for an active seismic zone in Indonesia, providing insights into the seismic 
vulnerability of critical bridge components that are often overlooked in macro-scale analysis. Third, 
it offers comprehensive design verification based on SNI 1729:2020 and AISC 360-16, including 
tensile, shear, combined tension-shear, and anchorage length checks, with demand-capacity ratios 
(DCRs) calculated for each critical component. Fourth, it provides practical recommendations for 
future research, including experimental validation, advanced constitutive modeling (kinematic 
hardening), and soil-structure interaction (SSI) analysis, which can guide engineers and 
researchers in designing more reliable suspension bridge anchor system in earthquake-prone 
regions. The findings of this study are expected to serve as a valuable reference for both researchers 
and practitioners in the field of bridge engineering, particularly in developing countries with 
similar seismic characteristics. 

The remainder of this paper is organized as follows. Section 2 presents the finite element modeling 
methodology, including the macro-modeling of the suspension bridge in CSi Bridge v25 and the 
micro-modeling of the anchor connection in ABAQUS/CAE V6.14, as well as the material 
parameters, seismic load definitions, and boundary conditions. Section 3 presents the numerical 
results from static and dynamic analyses, including stress, strain, and deformation distributions, 
followed by design verification and demand-capacity ratio (DCR) calculations based on SNI 
1729:2020 and AISC 360-16. Section 4 provides the conclusions and recommendations for future 
research, including experimental validation, advanced constitutive modeling, and soil-structure 
interaction analysis. 

2. Finite Element Modeling 

This research uses an integrated hierarchical modeling approach to bridge the macro and micro 
scales in analyzing the behavior of suspension bridge anchor connections. Overall structural 
modeling was carried out with CSi Bridge v25, while detailed analysis of anchor connections was 
developed using ABAQUS/CAE V6.14 by considering material non-linearity and contact 
interactions between components. All modeling stages refer to Detail Engineering Design (DED) 
data for the Pedestrian Suspension Bridge located in Bogor Regency, West Java. The research object 
is situated at GPS coordinates 6°42’ S, 106°52’ E, as indicated in the location map (Fig. 1) below. 

 
Fig. 1. Research location map 
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2.1 Model Geometry and Structural Configuration 

The object of the research is a Pedestrian Suspension Bridge with a main span of 275 m, a width 
varying between 6-12 m, and a pylon height of 54,65 m. This structure is a class I suspension bridge 
with an innovative triple-layered transparent glass floor (laminated tempered glass) of 30 mm 
thick combined with a Wood Plastic Composite (WPC) floor. The structural configuration consists 
of a main cable in the form of a 2 x 14 Ø52 mm wire rope with a minimum tensile strength (fu) of 
1.770 MPa and a yield strength (fy) of 1.062 MPa, a hanging cable in the form of a 2 x 1 Ø40 mm 
steel rod with fy = 460 MPa and fu = 550 MPa, a main girder in the form of a 1.500 x 600 mm steel 
box girder with a plate thickness of 25 mm, and a transverse girder in the form of a 500 x 500 mm 
box beam with a plate thickness of 25 mm. The bridge pylon is a combination of reinforced concrete 
with a quality of f'c = 30 MPa and a hollow steel profile (BJ41) with fy = 250 MPa and fu = 410 MPa. 
The anchor block is made of reinforced concrete f'c = 30 MPa with dimensions of 9.000 x 5.250 x 
5.000 mm. The anchor system uses 68 ASTM A325M anchor bolts with a diameter of 36 mm and a 
length of 1.200 mm, with fy = 660 MPa and fu = 830 MPa, and a base plate in the form of a structural 
steel plate measuring 2.500 x 5.500 mm and a thickness of 80 mm with fy = 250 MPa and fu = 410 
MPa. 

2.2 Macro Modeling with CSi Bridge v25 

The overall bridge structure modeling was performed using CSi Bridge v25 with a 3D finite element 
approach. Frame elements were used to model the main girder, transverse girder, pylon, main 
cable, and suspension cable. The boundary conditions at the foundation and anchor blocks were 
modeled as fully fixed supports. The overall suspension bridge structure modeling can be seen in 
(Fig. 2). 

 

Fig. 2. Pedestrian suspension bridge 

The loads applied in macro modeling include dead loads calculated automatically based on the self-
weight of all structural components, as well as additional dead loads in the form of railing loads of 
0,085 kN/m on each longitudinal girder. The live load used is a uniform load of 5 kPa on the entire 
bridge floor area in accordance with SE Menteri PU No. 2 Tahun 2010 (Guidelines for Technical 
Planning of Pedestrian Suspension Bridges). In addition, a wind load of 1,3 kN/m2 is applied based 
on the same regulation, acting on the side plane (longitudinal vertical plane) of the structure, which 
is considered as a lateral load in the analysis. 

2.2.1 CSi Bridge Analysis Results 

The macro-modeling analysis in CSi Bridge v25 provided the global structural response of the 
suspension bridge under both static and seismic loading conditions. Figure 3 presents key results 
from the CSi Bridge analysis, including the internal force distributions. These global results were 
used to determine the reaction forces at the anchor connection (Pu, Mu, Vu), which were then 
applied as boundary conditions in the detailed micro-modeling in ABAQUS/CAE (see Section 2.3.2). 
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(a) 

 
(b) 

 
(c) 

 
(d) 

Fig. 3. Global structural responses from CSi Bridge v25: (a) deformed shape under static 
loading; (b) deformed shape under seismic loading; (c) bending moment diagram of the 

suspension bridge; (d) axial force distribution in the main cable 
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2.3 Micro Modeling with ABAQUS/CAE V6.14 

The detailed modeling of the anchor connection was developed using ABAQUS/CAE V6.14 with a 
higher level of element discretization. The modeled components include anchor bolts and pedestal 
concrete. The entire geometry is modeled as a 3D continuous body with a global coordinate system 
where the X and Z axes represent the horizontal direction, while the Y axis represents the vertical 
direction. All analyses in ABAQUS/CAE V6.14 were performed using double precision arithmetic. 
Double precision was selected to ensure numerical accuracy and stability, particularly for the 
nonlinear contact interactions and the seismic time history analysis, where large numbers of 
increments are required. The use of double precision minimizes round-off errors and provides 
more accurate stress and strain predictions, especially in regions of high stress concentration 
around the anchor bolts. 

2.3.1 Element Types and Mesh Convergence 

The concrete components are modeled using eight-node three-dimensional solid elements with 
three translational degrees of freedom at each node in the global X, Y, and Z directions. The C3D8R 
type of reduced integration solid element was chosen to improve computational efficiency while 
minimizing the potential for shear locking, which is common in reinforced concrete structural 
modeling. The anchor bolts are also modeled using the same eight-node solid elements (C3D8R) to 
accurately represent the three-dimensional stress distribution and interaction with the 
surrounding concrete. 

The interaction between concrete and embedded anchor bolts is simulated using the embedded 
region technique with the assumption of a perfect bond, so that strain compatibility between the 
two materials is guaranteed during the loading process. The surface contact interaction between 
the anchor bolt and concrete is defined with a friction coefficient of 0,3 using the surface-to-surface 
contact algorithm. The friction coefficient of 0,3 was adopted for the tangential behavior of the 
surface-to-surface contact between the anchor bolt and the concrete pedestal. This value was 
selected based on established practices in finite element modeling of steel-concrete interface and 
international design standards. According to prEN 1993-1-8:2023 (Eurocode for the design of steel 
joints), a friction coefficient of 0,3 is specified for base plate and grout layer interfaces under 
conditions where steel failure governs. Additionally, numerous numerical modeling studies, such 
as those conducted in ABAQUS for similar steel-concrete interactions, routinely adopt a friction 
coefficient of 0,3 as a realistic and conservative value. This value provides a representative basis 
for simulating the frictional load transfer mechanism under both static and seismic loading 
conditions. 

A mesh size of 500 mm was applied to all concrete elements, while the anchor bolt elements were 
discretized with a very small mesh size of 5 mm. Mesh convergence tests were performed by 
varying the element size from 5 mm to 500 mm to ensure that the simulation results were 
insensitive to discretization changes. With this configuration, the anchor connection model 
consisted of 18.762 elements and 23.019 nodes. A summary of the element types and numbers is 
presented in Table 1. 

Table 1. Type and number of elements in a finite element model 

 

2.3.1.1 Mesh Refinement Strategy in Critical Regions 

To accurately capture stress concentrations around the anchor bolts and at the steel-concrete 
interface, a graded mesh refinement strategy was employed in ABAQUS/CAE. The element 
discretization was designed to balance computational efficiency with solution accuracy, 
particularly in regions where high stress gradients are expected. 

Component 
Element 

Type 
Element 

Shape 
Geometric 

Order 
Number of 
Elements 

Number of 
Nodes 

Pedestal 
concrete 

C3D8R Hexahedral Linear 96 175 

Anchor bolt C3D8R Hexahedral Linear 18.762 23.019 
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Three mesh zones were defined based on the distance from the anchor bolt surface: 

• Fine mesh zone (5 mm element size): This zone includes the anchor bolt shank and threaded 
region, as well as the concrete volume immediately surrounding the bolt within a radius of 
50 mm from the bolt surface. This high-resolution mesh ensures accurate resolution of high 
stress gradients that typically develop at the steel-concrete interface due to bearing and 
friction. The 5 mm element size was determined through a mesh convergence study, where 
element sizes were varied from 5mm to 500 mm. Further refinement beyond 5 mm produced 
less than 1% change in peak stress values, confirming that the solution had converged. 

• Transition mesh zone (10-20 mm element size): This zone covers the concrete region 
extending from 50 mm to 200 mm from the bolt surface. This zone provides a gradual 
transition between the fine mesh around the bolt and the coarse mesh in the far field, 
preventing abrupt changes in element size that could introduce numerical errors such as 
stress discontinuities at element boundaries. 

• Coarse mesh zone (500 mm element size): This zone covers the remaining concrete volume 
distant from the anchor bolt (beyond 200 mm from the bolt surface), where stress gradients 
are relatively low. The coarse mesh reduces the total number of elements (18.762 elements 
as reported in Table 1) and improves computational efficiency without sacrificing solution 
accuracy. 

Mesh quality was verified by checking element aspect ratios and Jacobian values. All elements had 
aspect ratios below 5:1 and Jacobian values above 0,6, indicating good mesh quality suitable for 
nonlinear element analysis. The graded mesh refinement strategy ensures that stress 
concentrations around the anchor bolts and at the embedded interface are accurately captured, 
which is critical for the stress predictions presented in Section 3. 

2.3.1.2 Reduced Integration and Hourglass Control 

The C3D8R element is an 8-node linear brick element with reduced integration, employing a single 
integration point at the element centroid rather than the standard 8 integration points (2 x 2 x 2 
Gauss quadrature) used in fully integrated elements. This element type was selected for two 
primary reasons: (1) to avoid shear locking, which commonly occurs in fully integrated elements 
under bending-dominated deformation, and (2) to improve computational efficiency by reducing 
the number of integration points per element. However, reduced integration elements are 
susceptible to hourglass modes (zero-energy deformation patterns) that can produce spurious 
results if not properly controlled. To mitigate this issue, the enhanced hourglass control algorithm 
available in ABAQUS/CAE was activated. This algorithm applies artificial stiffness to resist 
hourglass deformation without significantly affecting the physical response of the model. 

The quality of the solution was verified by monitoring the artificial strain energy (ALLAE) and 
comparing it to the total internal energy (ALLIE) throughout all simulations. In finite element 
analysis, hourglass effects are generally considered negligible if the ratio ALLAE/ALLIE remains 
below 5-10%. In the present analysis: 

• Under static loading   : ALLAE/ALLIE < 3% 
• Under seismic (dynamic) loading : ALLAE/ALLIE < 5% 

These values confirm that hourglass effects were negligible and did not compromise the accuracy 
of the stress, strain, of deformation predictions presented in Section 3. Therefore, the use of C3D8R 
elements with enhanced hourglass control is justified for this study. 

2.3.2 Boundary Condition and Loading Procedure 

Boundary conditions are applied to realistically represent the experimental configuration and 
structural assumptions. On the bottom surface of the pedestal concrete, all translational degrees of 
freedom are restrained to simulate the fixed support condition. The load combinations used in this 
analysis refer to SNI 1729:2020 and AISC 360-16 (LRFD method). A total of five load combinations 
were evaluated in CSi Bridge v25, as summarized in Table 2. 
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Table 2. LRFD load combinations (SNI 1729:2020 & AISC 360-16)  

No. Load Combination 

1 1,4D 
2 1,2D + 1,6L + 0,5 W 
3 1,2D + 1,6L + 0,5W + 0,5E 
4 1,2D + 1,0L + 1,0E 
5 0,9D + 1,0E 

Where; D= Dead load (self-weight of structural components), L= Live load (pedestrian load 5 kPa), 
W= Wind load (1,3 kN/m2), E= Earthquake load (time history analysis based on local response 
spectrum). 

From these five load combinations, the maximum value of each reaction component at the anchor 
connection was selected for design purposes, as follows: 

• Pu (max)  = 17.329 kN 
• Mu (max) = 9.667 kNm 
• Vu (max)  = -7.675,7 kN 

These maximum values were subsequently applied as boundary conditions on the top surface of 
the anchor bolt using kinematic coupling. The loading procedure was carried out in two sequential 
stages. In the first stage, a compressive axial load was applied to the top surface of the anchor bolt 
and maintained constant throughout the analysis. In the second stage, a lateral load was applied 
through displacement control on the side surface of the anchor bolt with an amplitude 
corresponding to the recorded earthquake time history. This loading scheme was designed to 
simulate the response of the anchor connection under combined axial and lateral loads, thus 
allowing a non-linear evaluation of the anchor behavior under service and seismic load conditions. 
The detailed geometry and boundary conditions of the anchor connection model are presented in 
(Fig. 4).  

2.3.2.1 Boundary Condition Simplification and Soil-Structure Interaction 

In the current model, the bottom surface of the pedestal concrete was modeled as fully fixed 
(encastre), meaning all translational degrees of freedom (U1, U2, U3) were restrained. This 
simplification assumes that the foundation and underlying soil provide infinite stiffness, which may 
not fully represent actual field conditions. In reality, foundation flexibility and soil-structure 
interaction (SSI) can influence the structural response, particularly for bridges located on soft soil 
deposits or subjected to seismic loading. 

 
(a) 

 
(b) 

Fig. 4. Geometric details and boundary conditions of the anchor connection model: (a) 
Isometric; (b) Longitudinal section 
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• Justification for this simplification: The fully fixed assumption was considered acceptable for 
the present analysis because the primary focus was the local behavior of the anchor 
connection under load combinations that produce maximum forces at the connection. 
Additionally, the fully fixed assumption represents a conservative upper bound for anchor 
connection force demands, as foundation flexibility would typically reduce the forces 
transferred to the anchor by allowing some energy dissipation through soil deformation. 

• Limitations acknowledged: This simplification does not capture: (1) foundation settlement 
or rotation under moment loading, (2) energy dissipation through soil damping, (3) potential 
changes in natural frequencies due to SSI, or (4) nonlinear soil behavior under cyclic seismic 
loading. 

• Recommendation for future research: For future studies, particularly for bridges located on 
soft soil or when displacement-sensitive seismic analyses are required, it is recommended to 
incorporate soil-structure interaction using either spring elements (e.g., Winkler foundation 
model with soil stiffness derived from SPT-N values as presented in Section 2.5.1) or 
continuum soil elements to capture foundation flexibility and energy dissipation through the 
soil medium. 

2.4 Material Parameters of the Model 

A numerical model was developed based on material parameters and modeling strategies that have 
been widely adopted in previous numerical studies of steel and concrete structural connections. 
The reliability of the adopted approach was evaluated by the model's ability to consistently 
reproduce the response characteristics of the anchor connection according to the behavioral 
mechanisms reported in the literature. 

2.4.1 Concrete Material Model 

Modeling the behavior of concrete as a non-homogeneous and anisotropic material is one of the 
main challenges in finite element analysis of reinforced concrete structures. Among various non-
linear concrete constitutive models available in ABAQUS such as smeared cracking model and 
brittle cracking model, the Concrete Damage Plasticity (CDP) model is adopted in this study due to 
its comprehensive and integrated formulation [35,36]. The CDP model incorporates the 
fundamental components of classical plasticity theory, including yield criterion, flow rule, and 
hardening rule, which are effectively used to simulate the non-linear behavior of concrete under 
combined stress conditions. 

The concrete material parameters considered in the numerical analysis include density, initial 
modulus of elasticity (E0), Poisson's ratio (ν), and concrete compressive and tensile strengths. The 
concrete Poisson's ratio is assumed to be constant at 0,2. In addition, the numerical modeling uses 
the Concrete Damage Plasticity (CDP) parameter, the values of which are summarized in Table 3. 

Table 3. Input parameters concrete damage plasticity 

 

2.4.2 Steel Material Model 

The uniaxial stress-strain behavior of the anchor bolts is modeled assuming a perfect elastoplastic 
response, with an elastic modulus of E = 200.000 MPa and a Poisson's ratio of ν = 0,3. The plastic 
state of the steel is represented by defining the yield stress and the corresponding plastic strain. 
This plastic behavior is modeled using a bilinear stress-strain relationship, which is commonly 
adopted to represent the inelastic response of reinforcing steel in nonlinear finite element analysis. 
The material parameters of the steel used for the anchor connection components are summarized 
in Table 4. These dimensions and material properties were used as input for the design verification 
(demand-capacity ratio) presented in Section 3.3. 

Plasticity Parameters Notation Value 

Dilatation angle ψ 31° 
Shape factor Kc 0,667 
Stress ratio fb0/fc0 1,16 
Eccentricity ε 0,1 
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Table 4. Stress-strain properties of steel materials 

Component 
Diameter 

(mm) 
Length 
(mm) 

Yield 
Stress fy 

(MPa) 

Yield 
Strain εy 

Ultimate 
Strength fu 

(MPa) 

Ultimate 
Strain εu 

Anchor bolt 
(ASTM 

A325M) 
36 1.200 660 0,0033 830 0,15 

 

2.5 Seismic Load Parameters 

2.5.1. Site Classification and Soil Properties 

A geotechnical investigation was carried out at the bridge site to determine the soil profile and site 
class. Standard Penetration Test (SPT) was performed at several borehole locations. Based on SPT 
results, the average SPT-N value for the top 30 meters of the soil profile was N = 19. According to 
SNI 1726:2019 (Table 9), a site with an average SPT-N value between 15 and 50 is classified as 
medium soil (site class SD). Therefore, the bridge site was classified as medium soil (SD).  

2.5.2 Design Response Spectrum and Design Code 

The design response spectrum used in this analysis was developed based on SNI 1726:2019 
(Earthquake resistance design procedures for buildings and non-building structures), which 
adopts the provisions of AISCE/SEI 7-16 with modifications tailored to Indonesian seismic 
conditions. The seismic parameters (peak ground acceleration, spectral accelerations, and 
amplification factors) were obtained from the Peta Gempa Indonesia 2017 (Indonesian Earthquake 
Map 2017) using the online application “Desain Spektra Indonesia” developed by the Directorate 
General of Human Settlements, Ministry of Public Works and Housing (PU Cipta Karya), accessible 
at https://rsa.ciptakarya.pu.go.id/.  

For Bogor Regency location, based on a 7% probability of exceedance in 75 years (return period of 
approximately 1.000 years) and a medium soil site class (SD), the following seismic parameters 
were obtained: PGA = 0,4913g, Ss = 1,0580g, S1 = 0,4815g, Fa = 1,0768, Fv = 1,5185, SDS = 1,1392g, 
and SD1 = 0,7311g. 

Based on the medium soil site class (SD), the site amplification factor is interpolated to obtain an 
acceleration-related vibration amplification factor (FPGA) of 1,0087, a short-period amplification 
factor (Fa) of 1,0768, and a 1-second period amplification factor (Fv) of 1,5185. From these 
amplification factor values, the soil surface spectra values are calculated to obtain As of 0,4956g, 
SDS of 1,1392g, and SD1 of 0,7311g, with characteristic spectrum periods of Ts = 0,6417 seconds 
and T0 = 0,1283 seconds. This design response spectrum was then used as a basis for time history 
analysis applied to the bridge macro-structure modeling in CSi Bridge v25. 

2.5.3 Damping Assumptions for Time History Analysis 

For the time history analysis conducted in CSi Bridge v25, Rayleigh damping was assumed to 
represent energy dissipation in the bridge structure. Rayleigh damping assumes that the damping 
matrix [C] is proportional to a linear combination of the mass matrix [M] and the stiffness matrix 
[K], expressed as: 

[𝐶] = ∝ [𝑀] + 𝛽 [𝐾] (1) 

Where α is the mass-proportional damping coefficient and β is the stiffness-proportional damping 
coefficient. 

According to SNI 2833:2016 (Standard for planning of bridge resistance to earthquake loads), a 
damping ratio of 5% of critical damping (𝜉 = 0,05) is recommended for the first two vibration 
modes of bridge structures. This value is appropriate for a pedestrian suspension bridge with a 
steel-concrete hybrid pylon system as modeled in this study. The Rayleigh damping coefficients (α 
and β) were calculated based on the first two natural frequencies of the bridge model using the 
following equations: 

https://rsa.ciptakarya.pu.go.id/
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∝ =
4𝜋𝑓1𝑓2𝜉

𝑓1 + 𝑓2
, 𝛽 =

2𝜉

𝜋(𝑓1 + 𝑓2)
 (2) 

Where; ξ= 0,05 (damping ratio), f1= first natural frequency (Hz), f2= second natural frequency (Hz) 

Based on the modal analysis result from CSi Bridge v25, the first natural frequency was determined 
as f1 = 0,32655 Hz and the second natural frequency as f2 = 0,40742 Hz. Substituting these values 
into the Rayleigh damping equations yields a mass-proportional damping coefficient ∝ = 0,1138 
and a stiffness-proportional damping coefficient  β = 0,0434. Energy dissipation behavior: Because 
the anchor connection remained elastic throughout the seismic analysis (maximum stress from 
FEM analysis = 303,44 MPa < yield stress = 660 MPa), as demonstrated in Section 3.3.3, energy 
dissipation occurred primarily through material damping within the elastic range rather than 
through hysteretic behavior. No inelastic cyclic degradation or energy dissipation through plastic 
hinging was observed in the anchor connection under the design-level seismic event considered in 
this study. This elastic response is consistent with the design objective of keeping the anchor 
connection within safe limits (DCR < 1.0) under design-level seismic events. For future studies 
involving larger seismic demands that may induce yielding in the anchor bolts, it is recommended 
to adopt a hysteretic damping model or to explicitly model cyclic plasticity (e.g., using a kinematic 
hardening material model) to accurately capture energy dissipation through plastic deformation 
under repeated cyclic loading. 

2.5.4 Seismic Input and Response Spectrum 

The seismic input for the time history analysis was obtained from the design response spectrum 
developed for the Bogor Regency location. The response spectrum curve was generated using the 
online application “Desain Spektra Indonesia”, developed by the Directorate General of Human 
Settlements, Ministry of Public Works and Housing (PU Cipta Karya), accessible at 
https://rsa.ciptakarya.pu.go.id/. This application is based on the Indonesian Earthquake Map 2017 
and SNI 1726:2019, and provides spectral acceleration values for specific locations and site classes. 

 
(a) 

 
(b) 

Fig. 5. Seismic input for time history analysis: (a) acceleration  time history record; (b) design 
response spectrum curve obtained from the Desain Spektra Indonesia application (PU Cipta 

Karya) 

https://rsa.ciptakarya.pu.go.id/
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The acceleration time history record used in the dynamic analysis is presented in Figure 5 (a), 
showing the variation of ground acceleration over time. The corresponding design response 
spectrum curve, generated from Desain Spektra Indonesia application for the Bogor Regency 
location, is presented in Figure 5 (b). This spectrum represents the design-level seismic demand 
for the bridge site with a 7% probability of exceedance in 75 years (return period of approximately 
1.000 years) and a medium soil site class (SD). The spectral parameters obtained from the 
application are PGA = 0,4913g, Ss = 1,0580g, S1 = 0,4815g, SDS = 1,1392g, and SD1 = 0,7311g, as 
previously presented in Section 2.5.2. 

3. Finite Element Analysis Result 

3.1 Static Condition Analysis (Service Load) 

Static condition analysis aims to evaluate the structural behavior of suspension bridge anchors 
under static service loading, namely loads that work slowly and constantly, such as the self-weight 
of the structure, pedestrian live loads, and wind loads under normal conditions. The results of 
numerical simulations using the three-dimensional finite element method are presented to 
understand the local response at the anchor connection area in the form of stress contours, elastic 
strains, and deformations. 

3.1.1 Static Stress Distribution 

Based on the results of numerical analysis using the finite element method on the suspension 
bridge anchor connection due to static loading, the overall stress distribution shows a relatively 
balanced and uniform pattern in various loading directions. The normal stress along the X-axis 
(S11) and Z-axis (S33) shows a combination of tensile and compressive conditions, with maximum 
tensile stress ranging from +26,31 MPa to +26,72 MPa and maximum compressive stress ranging 
from -62,70 MPa to -73,16 MPa. Meanwhile, the shear stress components in the XY (S12), XZ (S13), 
and YZ (S23) planes show a relatively symmetrical distribution pattern with maximum values 
ranging from ±19,31 MPa to ±57,05 MPa. 

The average stress level reaches approximately 75% of the entire structural domain indicating that 
the force transfer mechanism in the anchor connection operates effectively without excessive 
stress concentration at any particular location. This result indicates that the anchor connection can 
distribute stress efficiently and maintain stable behavior, so that the structure is able to withstand 
the given service load without significant indication of local failure. The following is shown the 
static stress output of the anchor connection in (Fig. 6), and a summary of the static stress analysis 
results in Table 5 below. 

Table 5. Recapitulation of static stress analysis results 

 

The transfer of forces from the anchor bolt to the surrounding concrete occurs through three 
primary mechanisms. First, bearing stress develops along the shank of the anchor bolt where it 
contacts the concrete, transferring compressive and shear forces. Second, friction at the steel-
concrete interface contributes to shear resistance, governed by a friction coefficient of 0,3 as 
defined in the surface-to-surface contact algorithm. Third, the embedment length of 1.200 mm 
provides sufficient development length to ensure that tensile forces are fully transferred to the 
concrete through bond and mechanical interlock. Under combined axial, shear, and moment 
loading, the load path initiates at the top surface of the anchor bolt, travels through the bolt shank, 
and distributes into the pedestal concrete via bearing and friction at the interface. 

Stress Type Notation Direction Maximum Stress 
(MPa) 

Minimum Stress (MPa) 

Normal Stress S11 X +26,31 -62,70 
Normal Stress S33 Z +26,72 -73,16 
Shear Stress S12 X-Y +54,28 -57,05 
Shear Stress S13 X-Z +19,31 -19,46 
Shear Stress S23 Y-Z +48,61 -53,35 
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(a) 

 
(b) 

 
(c) 

 
(d) 

 
(e) 

Fig. 6. Stress output of the anchor connection under static loading: (a) S11; (b) S33; (c) S12; (d) 
S13; (e) S23 

This mechanism is reflected in the stress contours presented in Figure 5, where higher stress 
concentrations are observed at the anchor bolt-concrete interface. In addition to the S11 results, 
the minimum principal stress was also examined to provide a more comprehensive assessment of 
the concrete pedestal behavior. While S11 provides information about stress in a specific direction, 
the minimum principal stress represents the most compressive stress at a point, which is critical 
for evaluating potential crushing or compressive failure in the concrete pedestal. The minimum 
principal stress distribution showed a similar pattern to S11 in terms of concentration around the 
anchor bolt-concrete interface. However, the magnitude of minimum principal stress was generally 
higher (more compressive) than S11, with localized peaks observed at the bolt-concrete interface 
due to stress concentration effects. The similarity in distribution patterns confirms the consistency 
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of the results, while the difference in magnitude highlights the importance of considering principal 
stresses for a complete assessment of concrete performance under combined loading. This 
reinforces the importance of using a 3D solid element approach (C3D8R) with proper material 
modeling (Concrete Damage Plasticity) to capture the complex stress states in the anchor 
connection. 

3.1.2 Static Elastic Strain Distribution 

Based on the results of numerical analysis using the finite element method on anchor connections 
due to static loading, in general the strain distribution shows a relatively even pattern throughout 
the structural components, with higher strain concentrations localized in the meeting area between 
the anchor bolts and the pedestal concrete due to the transfer of axial, shear, and moment forces. 

  
(a) (b) 

  
(c) (d) 

 

(e) 

Fig. 7. Elastic Strain output of the anchor connection under static loading: (a) EE11; (b) EE33; 
(c) EE12; (d) EE13; (e) EE23 
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The shear strains in the anchor connections show relatively significant values, with maximum 
strains ranging from ±2,511 x 10-4 to ±7,417 x 10-4, which are dominated by the EE12 (XY) and 
EE23 (YZ) components. This indicates that the shear mechanism plays a dominant role in the 
behavior of the anchor connection, so that the presence and performance of anchor bolts and 
anchorage configuration are crucial factors to ensure adequate load transfer capacity. The 
following shows the output of the elastic strain of the anchor connection under static conditions in 
(Fig. 7), and a summary of the results of the static elastic strain analysis in Table 6 below. 

Table 6. Recapitulation of static elastic strain analysis results 

Elastic Strain Type Notation Direction Maximum Strain Minimum Strain 

Normal Elastic Strain EE11 X +2,844 x 10-4 -1,273 x 10-4 

Normal Elastic Strain EE33 Z +2,828 x 10-4 -1,229 x 10-4 

Shear Elastic Strain EE12 X-Y +7,056 x 10-4 -7,417 x 10-4 

Shear Elastic Strain EE13 X-Z +2,511 x 10-4 -2,529 x 10-4 

Shear Elastic Strain EE23 Y-Z +6,320 x 10-4 -6,935 x 10-4 

 

3.1.3 Static Displacement 

Based on the numerical results of anchor connections using the finite element method due to static 
loading, the structural displacement response shows a deformation pattern that is consistent with 
the working mechanism of suspension bridge anchor connections. The distribution of 
displacements in the X-axis (U1) and Z-axis (U3) directions is relatively symmetrical with 
maximum values between ±0,16 mm to ±0,15 mm, while the dominant displacement occurs in the 
Y-axis (U2) direction with a maximum value of -3,043 x 10-1 mm, indicating the main loading 
direction and lateral response of the structure. 

  
(a) (b) 

  
(c) (d) 

Fig. 8. Displacement output of the anchor connection under static loading: (a) U1; (b) U2; (c) 
U3; (d) UMag 
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The total displacement pattern (UMag) shows a gradient from the joint core to the edge of the base 
plate, not toward the column. This condition indicates that the force transfer mechanism at the joint 
is still effective, with controlled deformation concentration at the elements planned to deform, so 
that the overall structural response remains in a stable condition under the static load acting on 
the joint. The following shows the output of the anchor joint deformation under static conditions 
in (Fig. 8), and a summary of the results of the static deformation analysis in Table 7 below. 

Table 7. Recapitulation of static displacement analysis results 

Displacement 
Component 

Notation Direction Maximum 
Displacement (mm) 

Minimum 
Displacement (mm) 

X-Displacement U1 X +1,618 x 10-1 -1,584 x 10-1 

Y-Displacement U2 Y +5,851 x 10-2 -3,043 x 10-1 

Z-Displacement U3 Z +9,824 x 10-3 -1,497 x 10-1 

Resultant 
Displacement 

UMag total +3,388 x 10-1 0 

 

The following shows a graph of the analysis results using ABAQUS/CAE V6.14, namely the 
relationship between displacement and time under static loading conditions. 

 
Fig. 9. Displacement versus time graph under static loading conditions, showing the progressive 

deformation of the anchor connection as the static load was applied incrementally 

3.2 Dynamic Condition Analysis (Seismic Load) 

The dynamic condition analysis aims to evaluate the response of the suspension bridge anchor 
structure under earthquake loading modeled using time history analysis. The main objective of this 
analysis is to understand the dynamic behavior of the anchor system in response to transient and 
irregular ground motions, as well as to identify the distribution of stress, elastic strain, and 
maximum deformation that occurs during the earthquake duration. 

3.2.1 Dynamic Stress Distribution 

Based on the results of numerical analysis using the finite element method on anchor connections 
due to earthquake dynamic loading with time history analysis, in general the stress distribution 
shows a relatively balanced and even pattern in various loading directions. The normal stress in 
the X-axis (S11) and Z-axis (S33) directions shows a combination of tensile and compressive 
conditions, with maximum tensile stress between +18,71 MPa to +18,96 MPa and maximum 
compressive stress between -44,50 MPa to -51,98 MPa which occurs at time t = 2,4 seconds. 
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(a) (b) 

  
(c) (d) 

 
(e) 

Fig. 10. Stress output of the anchor connection under dynamic loading: 
(a) S11; (b) S33; (c) S12; (d) S13; (e) S23 

Table 8. Recapitulation of dynamic stress analysis results 

Stress Type Notation Direction 
Maximum Stress 

(MPa) 
Minimum Stress 

(MPa) 
Normal Stress S11 X +18,71 -44,50 
Normal Stress S33 Z +18,96 -51,98 
Shear Stress S12 X-Y +38,54 -40,50 
Shear Stress S13 X-Z +13,71 -13,81 
Shear Stress S23 Y-Z +34,50 -37,90 
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Meanwhile, the shear stress components in the XY (S12), XZ (S13), and YZ (S23) planes show a 
relatively symmetrical distribution pattern with maximum values ranging from ±13,71 MPa to 
±40,50 MPa. The average stress value of approximately 75% of the entire structural domain 
indicates that the force transfer mechanism in the interior, exterior, and corner anchor connections 
operates effectively without excessive stress concentration at certain locations. The following 
shows the output of the dynamic condition anchor connection stress in (Fig. 10), and a summary of 
the results of the dynamic condition stress analysis in Table 8 below. 

3.2.2 Dynamic Elastic Strain Distribution 

Based on the results of numerical analysis using the finite element method on anchor connections 
due to dynamic earthquake loading, in general the strain distribution shows a relatively even 
pattern throughout the structural components, with higher strain concentrations localized in the 
junction area between the base plate and anchor bolts due to the transfer of axial, shear, and 
moment forces. The normal strains of the X-axis (EE11) and Z-axis (EE33) show a combination of 
tensile and compressive conditions, with maximum tensile strains between +2,006 x 10-4 to +2,018 
x 10-4 and maximum compressive strains between -8,725 x 10-5 to -9,032 x 10-5 occurring at time t 
= 2,4 seconds. The shear strains in the three types of joints show relatively significant values, with 
maximum strains ranging from ±1,783 x 10-4 to ±5,265 x 10-4, which are dominated by the EE12 
(XY) and EE23 (YZ) components. 

Table 9. Recapitulation of dynamic elastic strain analysis results 

Elastic Strain Type Notation Direction Maximum Strain Minimum Strain 

Normal Elastic Strain EE11 X +2,018 x 10-4 -9,032 x 10-5 

Normal Elastic Strain EE33 Z +2,006 x 10-4 -8,725 x 10-5 

Shear Elastic Strain EE12 X-Y +5,011 x 10-4 -5,265 x 10-4 

Shear Elastic Strain EE13 X-Z +1,783 x 10-4 -1,796 x 10-4 

Shear Elastic Strain EE23 Y-Z +4,485 x 10-4 -4,928 x 10-4 

 

  
(a) (b) 

  
(c) (d) 
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(e) 

Fig. 11. Elastic strain output of the anchor connection under dynamic loading: (a) EE11; (b) 
EE33; (c) EE12; (d) EE13; (e) EE23 

This distribution pattern indicates that the deformation mechanism of the connection is influenced 
by the interaction of normal and shear strains, with a tendency for tensile strains to increase in the 
critical zone of the connection as the loading level increases, so that the presence and performance 
of anchor bolts and anchorage configuration are crucial factors to ensure adequate ductility, energy 
dissipation capacity, and connection performance in accordance with the principles of earthquake-
resistant structural design. The following shows the elastic strain output of the dynamic condition 
anchor connection in (Fig. 11), and a summary of the results of the dynamic condition elastic strain 
analysis in Table 9 below. 

3.2.3 Dynamic Displacement 

Based on the numerical results of anchor connections using the finite element method due to 
earthquake dynamic loading, the structural displacement response shows a deformation pattern 
that is consistent with the working mechanism of the anchor connection. The distribution of 
displacements in the Y-axis (U2) and Z-axis (U3) directions is relatively symmetrical with 
maximum values between ±0,04 mm to ±0,22 mm, while the dominant displacement occurs in the 
X-axis (U1) direction with a maximum value of +1,126 x 10-1 mm, indicating the main loading 
direction and lateral response of the structure. 

The total displacement pattern (UMag) shows a gradient from the joint core to the edge of the base 
plate, with a maximum value of 2,395 x 10-1 mm. This condition indicates that the force transfer 
mechanism at the joint is still effective, with controlled deformation concentration at the elements 
planned to deform, so that the overall structural response remains in a stable condition under cyclic 
loads acting on the joint. The following shows the deformation output of the anchor joint under 
dynamic conditions in (Fig. 12), and a summary of the results of the dynamic deformation analysis 
in Table 10 below. 

Table 10. Recapitulation of dynamic displacement analysis results 

Displacement 
Component 

Notation Direction 
Maximum 

Displacement (mm) 
Minimum 

Displacement (mm) 
X-Displacement U1 X +1,126 x 10-1 -1,104 x 10-1 

Y-Displacement U2 Y +4,161 x 10-2 -2,162 x 10-1 

Z-Displacement U3 Z +6,986 x 10-3 -1,040 x 10-1 

Resultant 
Displacement 

UMag total +2,395 x 10-1 0 

 

The following graph shows the results of the analysis using ABAQUS/CAE V6.14, namely the 
relationship between force and displacement with time under dynamic earthquake loading 
conditions with time history analysis. This graph illustrates the hysteresis response of the anchor 
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system which represents the force-displacement relationship at a specific observation point during 
the duration of the earthquake loading. 

  
(a) (b) 

  
(c) (d) 

Fig. 12. Displacement output of the anchor connection under static loading: (a) U1; (b) U2; (c) 
U3; (d) UMag 

 
(a) 

 
(b) 

Fig. 13. Time history response of the anchor connection under seismic loading: (a) force versus 
time; (b) displacement versus time 
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Fig. 14. Force-displacement hysteresis curve under seismic loading. Red curve indicates loading 

path; blue curve indicates unloading path 

3.3 Design Verification and Performance Evaluation 

The factored load combination used in this verification is 1,2D + 1,6L + 0,5W (static service 
condition), as previously discussed in Section 2.3.2. This combination produced the maximum 
reaction forces at the anchor connection, resulting in an axial force of Pu = 17.329 kN, a bending 
moment of Mu = 9.667 kNm, and a shear force of Vu = -7.675 kN. These values are used as the basis 
for the demand-capacity ratio (DCR) calculations in the following sub-sections. 

3.3.1 Verification of Anchor Bolt Tensile Capacity 

Based on manual calculations, the tensile force on the anchor bolt (Tu) that occurs due to the 
factored load combination is 10.500 kN. With the number of bolts on the tensile side as many as 34 
pieces, the maximum tensile force of one anchor bolt (Trod) is 308,87 kN. The cross-sectional area 
of the anchor bolt threaded area (Ase) is calculated as 883 mm2, so the nominal tensile strength of 
the anchor bolt (Nsa) = Ase × fu = 883 mm2 × 830 MPa = 732.677 N ≈ 732,68 kN. With a tensile 
strength reduction factor (ϕt) = 0,75, the tensile resistance of the anchor bolt is (ϕ𝑡Nsa) =
0,75 × 732,68 = 549,51 kN. The verification results show that the maximum tensile force of one 
anchor bolt (308,87 kN) is smaller than the tensile resistance of the anchor bolt (549,51 kN), so 
that the anchor connection is declared SAFE against tensile loads. 

3.3.2 Verification of Anchor Bolt Shear Capacity 

The shear force on the anchor bolt (Vu1) that occurs due to the factored loading combination is -
112,877 N. The cross-sectional area of the anchor bolt in the unthreaded area (Abolt) = 1.018 mm2. 
With the number of shear planes (m) = 1 and the thread influence factor on the shear plane (r1) = 
0,4, the nominal shear resistance (Vn) = r1 × m × Abolt × fu = 0,4 × 1 × 1.018 × 830 =
337.976 N ≈ 337,98 kN. With the shear strength reduction factor (ϕf) = 0,75, the shear resistance 

of the bolt anchor (ϕ𝑓Vn) = 0,75 × 337,98 kN = 253,49 kN. The verification results show that the 

shear force on the bolt anchor (112.88 kN) is smaller than the shear resistance of the bolt anchor 
(253.49 N), so that the anchor connection is declared SAFE against shear loads. The combined 
tension-shear interaction check is explicitly presented in Section 3.3.3, which confirms that the 
anchor connection satisfies the AISC 360-16 criteria with a demand-capacity ratio (DCR) of 0,65. 

3.3.3 Verification of Shear and Tensile Force Combinations 

Verification of the combination of shear and tensile forces was carried out based on the provisions 
of AISC 360-16. The nominal tensile stress of the anchor(Fnt) = 0,75 × fu = 0,75 × 830 =
622,50 MPa. The nominal shear stress of the anchor (Fnv) = 0,45 × fu = 0,45 × 830 =
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373,50 MPa. The tensile stress of the anchor due to the combination of shear and tension was 
calculated at 466,88 MPa. The stress that occurs in the anchor bolt from the FEM analysis (303,44 
MPa) is smaller than the tensile stress of the anchor due to the combination of shear and tension 
(466,88 MPa), so that the anchor connection is declared SAFE against the combination of tensile 
and shear loads. 

3.3.3 Verify Anchorage Length 

The anchor length used (La) = 1.200 mm. The minimum anchor length required (Lmin) is calculated 
based on the equation: 

𝐿𝑚𝑖𝑛 =
𝑓𝑦

(4 ×  √𝑓′𝑐)  ×  𝑑
=

660

(4 ×  √30)  ×  36
= 836 𝑚𝑚 (3) 

The verification results show that the anchor length used (1.200 mm) is greater than the minimum 
anchor length required (836 mm), so that the anchor connection is declared SAFE against the 
anchorage length requirements. 

3.3.4 Demand-Capacity Ratio 

The demand-capacity ratio (DCR) for critical components of anchor connections is calculated as 
follows: 

Table 11. Ratio demand-capacity (DCR) 

Component Demand Capacity DCR Status 
Anchor bolt tension 308.867 N 549.508 N 0,56 Safe 
Anchor bolt shear 112.877 N 253.451 N 0,45 Safe 

Tension-shear combination 303,44 MPa 466,88 MPa 0,65 Safe 
Embedment length 836 mm 1.200 mm 0,70 Safe 

 

All DCR ratios are below 1.0, confirming that the anchor connection design meets the safety criteria 
based on applicable AISC standards. 

4. Conclusion 

Based on the results of numerical analysis using the finite element method on the anchor 
connection of the pedestrian suspension bridge due to service and seismic loads, it is concluded 
that the integration of CSi Bridge v25 and ABAQUS/CAE V6.14 software proved effective in 
representing the behavior of anchor connections in macro and micro, where macro modeling 
succeeded in representing the global response of the structure accurately while micro modeling 
was able to identify the distribution of stress, elastic strain, and local deformation patterns with 
high detail. Under static loading conditions, the anchor connection remains within the elastic limit 
with a maximum stress recorded at +26,72 MPa in tensile normal stress, -73,16 MPa in compressive 
normal stress, and +54,28 MPa in shear stress, and a maximum deformation of 3,388 x 10-1 mm 
which was still far below the design tolerance limit (L/200 = 1.375 mm). Under dynamic loading 
conditions, the response of the anchor structure shows significant stress and deformation 
fluctuations with the maximum stress recorded in the normal compressive stress component S33 
of -51,98 MPa and shear stress S12 of +38,54 MPa, as well as a maximum deformation of 2,395 x 
10-1 mm, where these values are still far below the permissible anchor material capacity (bolt yield 
stress of 660 MPa). Design verification based on AISC 360-16 confirms that the anchor connection 
meets all safety criteria with a demand-capacity ratio for anchor bolt tension of 0,56, anchor bolt 
shear of 0,45, combined tension-shear of 0,65, and anchorage length of 0,70, where all DCR ratios 
are below 1,0 so that the anchor connection is stated and reliable in supporting the performance of 
suspension bridges in seismic areas. Despite the comprehensive numerical analysis presented in 
this study, experimental validation is necessary to fully confirm the accuracy of the simulated 
anchor behavior. Future research should include full-scale laboratory testing, such as pull-out tests 
and cyclic loading tests, to validate the numerical predictions and to investigate the inelastic 
response of anchor connections under extreme seismic demands. The bilinear elastoplastic model 
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adopted for the anchor bolts assumes perfect plasticity without strain hardening. While this 
simplification is acceptable for the present analysis because the anchor remained within the elastic 
range (maximum stress from FEM analysis 303,44 MPa < yield stress 660 MPa), future studies 
involving larger inelastic deformations should employ more advanced constitutive models, such as 
the kinematic hardening model or Chaboche cyclic plasticity model, to capture strain hardening 
and cyclic degradation effects under repeated seismic loading. The current analysis assumed fully 
fixed boundary conditions at the pedestal concrete base, neglecting foundation flexibility and soil-
structure interaction (SSI). While this simplification is conservative for anchor connection force 
demands (representing an upper bound), future studies should incorporate SSI effects, especially 
for bridges located on soft soil deposits where foundation compliance can significantly alter the 
dynamic response, natural frequencies, and energy dissipation characteristics of the overall bridge 
system. 
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