
 
Publication of Engineering & Architecture Researches , Vol. 16 (2025) ISSN: 2423-1274 

 
MFOB: REVOLUTIONIZING URBAN MOBILITY WITH MOBILE FLYOVER BRIDGE SOLUTIONS 

 
Brandon B. Dasalla, Corvin Owen B. Motilla, Michael James Benedict V. Paluyo, Francis Ira A. 

Valdez, Christopher John P. De Vera, RCE  

  
ABSTRACT  

Traffic congestion during road construction causes substantial economic losses and public 
inconvenience. This study presents the design of a Mobile FlyOver Bridge (MFOB) to mitigate 
congestion. The MFOB features a retractable, scissor-style structure, primarily made of 
Aluminum Alloy (A2024) and A36 steel, for its truss ramp and support system. The study used 
STAAD Pro and ANSYS software for structural modeling, design, and load analysis. The results 
confirmed the MFOB’s capability to carry all vehicle weight classes, with a maximum load 
capacity of 76.1411 Tons. The load testing under axial and wind forces showed that all structural 
components, including the links, decks, and shafts, maintained structural integrity under 
maximum loading, with stresses below the yield strengths of the materials: 363 MPa and 248 
MPa for A2024 and A36 steel, respectively. The connection components of the scissor structure 
and accessories were also designed. Rectangular hollow steel sections were utilized for the 
design of truss ramp, beams, and columns. The combination of bolted and welded connections 
was used to ensure safety. The final design measures 5.55 m in length, 4.35 m in width, and 5.27 
m in height. It offers a vertical and horizontal clearance of 4.12 m and 3.60 m, respectively. The 
ramp spans 60.53 m with a 1:12 slope. A mobilization scheme was developed to demonstrate the 
systematic process that enables efficient deployment. The detailed cost estimation shows that 
the MFOB is a viable and practical alternative for managing traffic during road reblocking. 
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INTRODUCTION  

Traffic congestion has become a global concern affecting both developed and developing 
countries, characterized by slower vehicle speeds, longer travel times, and excessive vehicle 
volumes (Ali & Faraj, 2014). Over time, this issue tends to worsen, particularly when the road 
design capacity fails to meet actual traffic demand, especially during peak hours. In the United 
States, traffic congestion costs motorists an average of 42 hours annually and about $733 per 
driver in lost productivity (INRIX, 2024). A report also noted that nationwide congestion cost 
the U.S. economy over $70.4 billion in 2023, marking a 15% increase from the previous year 
(Fernandez, 2024). 

The TomTom Traffic Index (2024) evaluated 387 cities across 55 countries and found 
that London experienced the worst congestion worldwide, with an average travel time of 37 
minutes per 10 kilometers. The Philippines ranked ninth, with an average travel time of 27 
minutes per 10 kilometers and 105 hours lost annually during rush hours. Car ownership has 
also risen significantly; in 2022, 13,889,136 vehicles were registered in the Philippines—a 7% 
increase from the previous year—while new car sales grew by 27% from 2021 (ITA, 2023). The 
conventional response to congestion has been to expand road capacity. However, studies show 
that increasing road capacity may initially raise average travel speeds but can also induce 
greater travel demand, leading to renewed congestion and worsening externalities such as 
pollution and accidents (Anupriya et al., 2023). 

According to Samal et al. (2020), the growing number of vehicles and the increasing 
population are primary contributors to traffic congestion, resulting in wasted working hours, 
economic inefficiency, and elevated pollution levels. Congestion not only prolongs travel time 

 
Saint Mary’s University, Bayombong, Nueva Vizcaya  

134 
 

https://journals-archive.smu.edu.ph/category/publication-of-engineering-architecture-researches/


 
Publication of Engineering & Architecture Researches , Vol. 16 (2025) ISSN: 2423-1274 

 
and increases fuel consumption but also fosters aggressive driving behavior that may lead to 
road incidents. Similarly, a study conducted in Chittagong City, Bangladesh, found that port-area 
congestion led to productivity losses, stress, and environmental costs, resulting in an estimated 
daily loss of 1.79 million BDT in fuel and 0.10 million BDT in pollution-related expenses (Fattah 
et al., 2022). 

Bull (2003) emphasized that even minor improvements in travel speed could yield 
economic benefits equivalent to 0.1% of a country’s gross domestic product (GDP). Both 
motorists and public transport users—especially those from lower-income groups—face longer 
travel times and increased transportation costs due to congestion. Furthermore, all urban 
residents experience reduced quality of life caused by noise, air pollution, and other negative 
impacts on health and sustainability. Zhu (2024) noted that traffic congestion can also serve as 
an economic indicator, as it reflects economic activity; however, when demand for road use 
exceeds capacity, it results in inefficiency, delays, and commuter frustration. 

In the Philippines, urban transport heavily relies on road-based vehicles, including 
jeepneys, buses, taxis, tricycles, and private cars. Approximately 98% of passenger travel and 
60% of freight movement depend on road networks. Metro Manila, with a total road length of 
4,889 kilometers, accommodates around 12.8 million daily trips despite its limited road 
capacity—equating to one kilometer of road for every 385 registered vehicles. The average 
commuting speed in the region has declined to only 10 kilometers per hour. A report by the 
Japan International Cooperation Agency (JICA), cited by Recto (2024), estimated that Metro 
Manila’s traffic congestion costs the Philippine economy an estimated ₱3.5 billion daily, which 
could rise to ₱5.4 billion per day or ₱1.97 trillion annually by 2035 if no significant interventions 
are implemented. 

Overall, traffic congestion imposes substantial economic, social, and environmental 
costs. It reduces productivity, increases operational expenses, and contributes to stress, 
accidents, and health problems among commuters. Addressing traffic congestion, therefore, 
requires sustainable, well-planned transportation strategies that not only enhance mobility but 
also promote economic growth, environmental protection, and improved urban quality of life. 
 
Traffic Brought by Road Construction 

​ In Nueva Vizcaya (Inquirer North Luzon, 2016), people expressed disappointment with 
the Department of Public Works and Highways (DPWH) over the ongoing road excavation and 
repairs along the national route in at least seven towns, which left thousands of drivers stranded 
for 12 hours. Drivers have had to use single lanes in the towns of Aritao, Bambang, Bayombong, 
Solano, Bagabag, and Diadi, resulting in an additional three hours of travel time on the national 
route. 

​ Moreover, road construction has caused intense traffic congestion along the Maharlika 
Highway, resulting in months of hardship and inconvenience for motorists. The traffic delays in 
Sta. Fe, a town in southern Nueva Vizcaya, was followed by extended delays as travelers passed 
through Bagabag and exited the province via Diadi. The road works in Bagabag and Diadi 
include 38 reblocking and widening projects covering a total of 39.24 km and costing over P1.3 
billion. Passengers heading to their flights at NAIA and Clark International Airport expressed 
frustration after missing their flights due to the lengthy delays encountered in Nueva Vizcaya 
(Gascon, 2024). 

Moreover, poor traffic management during road construction has always been a concern 
for motorists. In a Calimag news article (2024), Governor Gambito underscored the pressing 
need for enhanced traffic management, noting that current congestion has resulted in extended 
delays, increased commuter frustration, and significant economic setbacks for local businesses. 
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He called for immediate, comprehensive solutions to streamline traffic flow and improve the 
overall travel experience, both for residents and visitors.  Construction-related traffic 
congestion, travel duration, delays, and queue length make traffic management difficult. 
Numerous issues, including delays, inconveniences, and financial losses for drivers, are caused 
by long-term work zones on urban roadways. 

​ The pressing issue of traffic congestion and poor traffic management caused by road 
construction presented an opportunity for the researchers to propose a Mobile FlyOver Bridge 
(MFOB) that could address congestion and ensure a smooth, continuous flow of traffic. 

 
Mobile Bridge 

​ The movable bridge system is the best way to restore transportation quickly after both 
man-made and natural disasters. This bridge should be rapidly transportable, conveniently 
installed, and disassembled to meet the needs of multi-area reuse and rapid erection in the 
designated regions (Yu et al., 2021). According to Yan and Aik (2020), deployable structures are 
structural forms that can transform from a closed, compact, or retracted state into a 
predetermined extended or deployed shape, where the structures remain stable and capable of 
bearing loads. 

​ It was noted that transportable and foldable bridges were first used in military 
operations. These bridges were mounted on top of military tanks, which then carried them to 
specific areas where military vehicles needed to cross. According to Trevithick (2023), Armored 
Vehicle Launched Bridges (AVLBs) are part of a new U.S. military support package for Ukraine. 
These vehicles, based on the Cold War-era M60 Patton tank, can deploy a folding bridge to help 
allied forces, such as tanks and other heavy vehicles, cross bodies of water and navigate 
obstacles like trench lines. 

The study adapted the concept of ASTRA Bridge, a modular flyover bridge developed by 
the Swiss Federal Roads Office in 2022, to the Philippine context. The ASTRA Bridge was 
designed to accelerate road construction projects and enhance safety. By providing a bypass for 
vehicles, it reduces traffic congestion and improves traffic flow during roadwork. This modular 
bridge can be easily disassembled and reassembled, enabling its relocation as construction 
progresses. Furthermore, it offers a safe, weather-protected workspace for road workers, 
eliminating the need for nighttime operations. Mulach (2024) reported that the Astra Bridge 
was constructed for 26 million Swiss Francs, equivalent to approximately 1,707,631,380.00 
pesos.​  

This study built upon the work of Gracias (2017), "Design and Fabrication of a 
Retractable Bridge," which demonstrated the feasibility of constructing a rolling bridge using a 
pneumatic system powered by compressors and pneumatic cylinders.  This type of bridge could 
be particularly useful in locations where laying foundations on both sides of a canal or river is 
difficult, or where the budget is limited compared to that for conventional bridges.  Gracias 
examined the internal mechanisms of pneumatic cylinders, highlighting how they enable the 
piston to move back and forth, as in hydraulic cylinders. He emphasized that one advantage of 
using pneumatics in bridge construction is their cleaner and quieter operation, as well as their 
lack of need for large fluid storage, unlike hydraulic systems, such as those used in the bridge 
constructed in Paddington. Gracias also noted that because the operating fluid in pneumatics is 
compressed air, any leakage would not result in dripping or environmental contamination. 

Rosendo et al. (2020) proposed a potential solution: a transportable folding bridge. This 
innovative design combines the functionality of a temporary bridge with the mobility of a 
movable one. Composed of modular components that fold into a compact configuration, this 
bridge can be easily transported to disaster-stricken areas and deployed to connect isolated 
communities. 
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​ To ensure efficient deployment and structural integrity, the bridge must be lightweight 

yet strong. This necessitates the use of materials with low density and high yield strength. 
Additionally, strategically placed holes in the bridge's components can further reduce weight 
without compromising its load capacity. The ability to fold into a smaller size is crucial for 
efficient transportation and deployment in remote locations, as outlined in the study. To 
complete their study, Resendo et al. utilized the Finite Element Method (FEM) to analyze the 
bridge. They employed ANSYS 2019 R3, a software application that applies FEM to evaluate 
structural behavior and determine the actual stress experienced by a bridge. 

​ Furthermore, the study by Soudagar & Anand (2022) focused on a novel type of 
movable, foldable bridge, the scissor bridge. The fundamental operating principle of this bridge 
is based on a scissor mechanism. These bridges are particularly useful in military operations 
and can be deployed over obstacles where space is limited, functioning as either bascule or 
vertical lift movable bridges. The design allows the bridge to expand and retract along a plane 
parallel to the ground, facilitating storage when not in use. 

​ In this study, a bridge with a span of 8 meters, a width of 5.5 meters, and a height of 8 
meters was modeled in STAAD Pro for a moving-load analysis. The analysis considered the IRC 
Class AA tracked load for evaluating moving loads. The structural analysis was conducted for 
both dead loads and the IRC Class AA tracked load, and the results were within the permissible 
limits established by Indian design codes. The maximum deflection observed was 14.337 mm, 
which is below the allowable deflection limit of 45.83 mm for the specified load combinations, 
indicating that the structure is safe with respect to deflection. Additionally, the maximum shear 
force and bending moments experienced by the structure under the specified load combinations 
were found to be less than the design shear force and bending moment calculated in accordance 
with IS 800:2007. Given that the structure can safely accommodate the IRC Class AA tracked 
load of 700 kN, it is deemed suitable for military applications. 

The study of Biro & Bakar (2013) aimed to develop a lightweight, foldable scissor bridge, 
simulate its movement, and evaluate its structural performance. The bridge mechanism was 
designed using Kutzbach's equation, ensuring two degrees of freedom with a defined number of 
links and joints. It is important to note that the design parameters did not account for variations 
in ground elevation or damping effects during flooding scenarios. Such factors, particularly soil 
damping, are prevalent in riverine areas and during periods of heavy rainfall. Fiber-reinforced 
polymer (FRP) was identified as the material to be used, as the limitations of ANSYS's material 
library necessitated the use of A36 structural steel for numerical simulations. 

​  Ario (2013) from Hiroshima University introduced the Mobile Bridge, a foldable 
emergency bridge designed to support disaster relief efforts in response to Japan’s long history 
of natural disasters, including earthquakes, floods, tsunamis, and landslides. Japan has suffered 
significant infrastructure damage from disasters such as the Great Hanshin-Awaji Earthquake in 
1995, the Tohoku Earthquake and Tsunami in 2011, and bridge damage caused by typhoons in 
areas such as Hokkaido, Tohoku, and Kagoshima. The Mobile Bridge features an innovative 
origami-inspired design that enables compact storage and rapid deployment, making it highly 
effective for emergency use. Recognized in the engineering category, it has been praised by 
Popular Science as "the world's fastest, strongest, lightest temporary bridge" for its exceptional 
performance and practicality. 

​ The researchers chose the title “MFOB” for this study because it is an acronym for mobile 
flyover bridge. Moreover, it is the initials of the researchers: Michael, Francis, Owen, and 
Brandon. This study aimed to innovate and design a mobile flyover and retractable bridge that 
can be deployed during road repair and construction. This offers a promising solution for 
decongesting high traffic volume. 
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​ Therefore, the researchers proposed the MFOB, a scissor bridge made of steel that can 

be assembled and disassembled within a short period. Building on the concept of the ASTRA 
Bridge (2022), which provides a bypass road to alleviate traffic congestion and improve traffic 
flow during road construction, this study aimed to enhance these benefits. It utilized the 
findings of Gracias (2017), who developed a rolling bridge using a pneumatic system powered 
by compressors and pneumatic cylinders, serving as a support mechanism for the mobile flyover 
bridge. Additionally, the researchers drew upon the scissor-type retractable bridge by Biro & 
Bakar (2013), the mobile bridge developed by Hiroshima University (2013) in Japan, and the 
bridge designed by Rosendo et al. (2020) in the Philippines to develop a retractable and 
movable steel bridge.  

​ The MFOB will be transported by trailers. The support structure consists of beams and 
columns, and the scissor structure will be assembled using a mobile crane. Each bridge section 
is connected using frame connectors that will be assembled by workers. The MFOB will be 
extended from its folded form using a hydraulic cylinder. Once fully extended, a locking system 
will secure the bridge, ensuring stability. The estimated assembly time for the MFOB is at least 3 
hours, which was based on ASTRA and the estimated time of transport will depend on the 
location of the road reblocking.  Another key feature of MFOB is its mobility. Equipped with 
wheels, it can move forward as construction progresses without disassembly, offering significant 
convenience. Additionally, a ramp will be used for the entry and exit of vehicles on the bridge. 
Moreover, there is a designated space for the entry and exit of construction vehicles such as 
rollers and mixers. The height of the mobile flyover bridge is carefully designed to accommodate 
construction vehicles that need to pass underneath. A hydraulic jack support system will be 
used to adjust the bridge's height. 

Conceptualization 

 The conceptualization phase involved identifying and selecting potential research 
problems that could be addressed through engineering concepts. After evaluating various 
problems and proposing solutions, the researchers narrowed the scope of the research problem 
for further development. To ensure the project’s rigor and feasibility, the researchers sought the 
guidance of a qualified adviser to provide expert insights and support throughout the study’s 
development. 

Data Collection 

 In this phase, the researchers gathered data from the Department of Public Works and 
Highways (DPWH) and obtained information on bridge design specifications. The vehicle weight 
classifications were taken from the Alternative Fuels Data Center website. This data collection 
formed a critical foundation in the analysis and design of MFOB. 

Setting and Integrating Design Parameters 

 The researchers used the collected data to define the scope and requirements of the 
study. In particular, the design parameters for the MFOB were considered. The height and width 
were precisely calibrated to accommodate the dimensions of vehicles and ensure adequate 
clearance for equipment used in road construction. The material used was steel, with a high 
strength-to-weight ratio. This design conformed with engineering standards, optimizing the 
bridge’s functionality, safety, and integration with existing traffic infrastructure.  

Design Analysis and Modeling 

The design and analysis aimed to investigate the behavior of the structural components 
in detail. The study utilized STAAD Pro and ANSYS. The researchers designed each structural 
component using trial sections and tested it individually. The structure, composed of the final 
designs of its structural components, was constructed virtually and thoroughly evaluated under 
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various load conditions to assess its overall performance and stability. The analysis enabled a 
comprehensive assessment of stresses and deformation. The findings contributed to the 
optimization of design parameters, ensuring structural integrity and adherence to engineering 
standards. The researchers also created a 3D printed scale model to provide a tangible 
representation of the MFOB and its mechanism. 

Cost Estimation 

Upon the completion of the MFOB design, a detailed cost estimation was conducted. This 
quantity computation and cost estimation accounted for all materials, ensuring a comprehensive 
estimation of the MFOB. 

Drawing of Conclusion and Recommendation 

The conclusions and recommendations were based on the comprehensive analysis of the 
MFOB design.  

 
METHODOLOGY 

Research Design 

This study included gathering, designing, and illustrating data to develop a Mobile 
FlyOver Bridge (MFOB) design, presented in figures and images. It was limited to assessing the 
MFOB's structural stability, capacity, and cost estimation. The materials used were steel, with a 
high strength-to-weight ratio. A high-strength-to-weight ratio material was suitable, as the 
MFOB was designed to be lightweight for easy transport and quick assembly while maintaining 
strength. The study also utilized STAAD for the design and analysis of the structural components. 
It also used ANSYS, a robust engineering simulation tool that employs the Finite Element 
Method (FEM) to model and simulate various real-world load conditions. It investigated the 
maximum load capacity of the MFOB. The simulation results were used to develop the final 
design, technical plans, and conclusions. 

Research Locale 
The study was conducted at Saint Mary's University (SMU) in the Academic Year 

2024-2025. It is located in Barangay Don Mariano Marcos, Bayombong, Nueva Vizcaya, 
Philippines. 

Research Instruments 
The following instruments were used in the study: 

●​ AutoCAD - A computer-aided design software for precise 2D design and drafting. It was 
used to draw the technical plans of the proposed portable bridge. 
 

●​ SketchUp - SketchUp is a 3D modeling program that can be used in a 2D environment to 
create 3D objects. It was used to create the 3D model. 

●​ Microsoft Excel - Microsoft Excel is a spreadsheet program that allows users to organize, 
format, and calculate data in a grid of cells. It was used in the cost estimation. 

●​ ANSYS - ANSYS is a software that provides engineering simulation tools for various 
engineering fields. It was used to model, analyze, and solve complex problems to attain 
better results on the proposed design. 

●​ Lumion – Lumion is a 3D visualization software used to create realistic renderings and 
animations of architectural projects. 
 

●​ STAAD – STAAD is a software program used by civil engineers to analyze and design 
structures. It can perform 3D structural analysis and design for a variety of structures. 
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Design Criteria 

The following design criteria were used in the study: 

●​ National Structural Code of the Philippines (NSCP 2015 Edition) - This code contains the 
minimum requirements and codes for designing structures. 

●​ Bridge Design (DGCS Vol 5) of the Department of Public Works and Highways (DPWH) - 
It contains the design criteria, guidelines, and standard bridge specifications that will be 
used for the structural analysis. 

●​ ASEP Steel Handbook 2004 (3rd Edition) - a reference for steel sections and their 
properties 

●​ American Institute of Steel Construction (AISC) - a reference for steel sections and their 
properties. 

Data Gathering Procedure 

The researchers gathered data on vehicle weight classes and categories from the 
Alternative Fuels Data Center website, which provided complete data on the vehicle weight 
classes used in the study. The weight of each vehicle was loaded on the bridge in the design and 
analysis phase, and the maximum load capacity of the MFOB was determined. The provision for 
load factors, particularly for dead load, vehicle live load, and wind load, was based on “Design 
Rules, Criteria, and Standards for Bridge Design (DGCS Volume 5)” of the DPWH. The 
researchers also conducted site visits to road construction and reblocking sites and observed 
the working zones, which supplemented the design of MFOB. The 3.35 m width of the national 
road was considered in the design to ensure accessibility for all vehicles. Moreover, the height of 
MFOB was designed to exceed that of a concrete mixer truck used in construction (3.75 m) to 
provide vertical clearance and ensure a safe working zone.  

Treatment of Data 

The data obtained served as the foundation for the design and analysis. Subsequently, 
the data gathered from the DPWH, along with the proposed plan, was incorporated into the 
design of the MFOB. Based on the data gathered and from recent studies, the researchers 
established the initial dimensions of the MFOB’s scissor structure. The preliminary width was 4 
meters, the height was 4.5 meters, the length of a single span was 5.5 meters, and the length of 
the scissor structure’s link was 1.9 meters, with an inclination of 45 degrees from the horizontal. 
The structural components, particularly the beams and columns, truss ramp, and their 
connections, were designed using STAAD. The bridge's load capacity was determined by utilizing 
ANSYS. An engineering simulation software that allows engineers to test virtually and analyze 
the designed structure, optimizing safety and efficiency. After setting the initial dimensions and 
designing the structural components, a trial test was conducted, applying each vehicle’s class 
weight. The safety and adequacy of the design were also determined. The analysis results served 
as the basis for the researchers' decision on whether to adopt the initial design or redesign the 
structural components to ensure the bridge's safety and capacity. 

 
 

RESULTS AND DISCUSSION 

​ This chapter presents the findings and interpretations of data from simulations and load 
testing of the MFOB and its main structural components. It also includes the design of each 
structural component and connections. The special features and mechanical configurations of 
the MFOB are also presented. 
 
MFOB Parameters 
​ The MFOB's designed span has a length of 5.55 m, a width of 4.35 m, and a height of 5.27 
m from the floor line to the deck. It has a vertical clearance of 4.12 m from the floor line to the 
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bottom of the beam and a horizontal clearance of 3.6 m. The designed ramp has a total length of 
60.53 m with a slope of 1/12. The retracted spans for the bridge and ramp are 2.10 m and 1.8 m, 
respectively. The columns of the designed span have a total height of 5.27 m and a retracted 
height of 3 m.  

Figure 1 
Bridge & Ramp Components 

 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 2 
Bridge Components 
 

Material Selection 

​ The researchers utilized two types of material in the design of MFOB. The aluminum 
alloy (A2024) was used to design the scissor structure, and the A36 steel was used to design the 
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columns. The researchers selected aluminum alloy (A2024) due to its exceptional combination 
of lightweight characteristics and high strength, making it an ideal material for structural 
applications. Aluminum is about one-third the weight of steel, making the MFOB easier to handle 
and reducing the structure’s dead load. It also provides high strength, making it suitable for 
structural applications. It has high corrosion resistance, making it ideal for outdoor structures, 

bridges, and coastal buildings exposed to moisture and harsh weather.  

 

Design Loads and Specifications 
​ The design loads used to test the bridge and ramp scissor structures in the study were 
calculated based on Table 10.3-1, Table 10.3-2, and Table 10.13.1.1-1 of the Design Rules, 
Criteria, and Standards for Bridge Design Volume 5 (DGCS Vol. 5) as presented in Figure 12. The 
researchers chose the Strength-III limit state for the load combination because the bridge will be 
exposed to wind velocities exceeding 90 km/h. 

 
Figure 3 
DGCS Vol. 5 Load Provisions 
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Source: Design Rules, Criteria, and Standards for Bridge Design Volume 5 
 
Dead Load  
​ Dead loads are the permanent, static loads that remain constant over time in a structure. 
These loads include the weight of the structure itself and any fixed components that do not 
change position. The dead load used for the analysis of the scissor structure is the gross weight 
of all the scissor’s structural components. The total dead load of a single span of the bridge and 
ramp scissor is 43.58106 KN and 42.04016 KN, respectively. The units of load are expressed in 
KN because the design loads in DGCS Vol. 5 are expressed in KN. 
 
Live Load 
​ Live loads are the temporary, variable loads that a structure experiences due to 
occupants or vehicles. These loads can change over time in magnitude and location. The live load 
used for the analysis of the scissor structure is the gross vehicle weight of each vehicle class as 
presented in Figure 13. 

Figure 4 
Vehicle Weight Class and Categories 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 Wind Load 
​ Wind load is the force exerted by wind on a structure. It is an important factor in 
structural design, especially for bridges and exposed structures. The wind pressures used are 
based on Table 10.13.1.1-1 of DGCS Vol. 5, which has a base pressure corresponding to a wind 
velocity of 160 km/h. The leeward and windward pressures used are 0.0024 MPa and 0.0012 
MPa, respectively.  
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 Load Distribution 

Load distribution is the process by which applied loads on a structure are spread and 
transferred through its various structural components. In the case of the Mobile Flyover Bridge 
(MFOB), load distribution begins at the deck, which receives applied loads, such as vehicular 
weight, and transfers them to the shafts. From the shafts, the loads are transmitted to the links, 
which serve as connecting elements to the bridge frame. The reactions from the links are then 
transferred to the beams, which in turn distribute the loads to the columns. The columns 
ultimately carry and transfer the loads down to the ground through the hydraulic jack support 
system.  

Figure 5 
Load Distribution 

 

 

Analysis and Design of Aluminum Bridge and Ramp Structural Components 
 
​ The researchers designed the dimensions of each structural component based on the 
bridge parameters. The ANSYS software was used to test each component’s performance in 
terms of total deformation, maximum principal stress, and maximum shear stress under loading. 
The stress results must not exceed the material’s yield strength to conclude that the designed 
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dimensions are safe. The support used in the testing is fixed support. The testing used axial 
loads and wind loads. The axial loads applied were gross vehicle weights taken from the Vehicle 
Weight Classes and Categories. The wind pressures applied were taken from Table 10.13.1.1-1 of 
DGCS Vol. 5. 
 
Design of Aluminum Bridge Link and Ramp Link 
 

The link is the major component of the MFOB’s scissor structure. It is an assembly of 
mechanically connected bodies that enables the MFOB’s retraction and expansion features. The 
links were designed with holes to make them lighter while having the strength to carry loads. 
This also helps the links to have less stress when subjected to wind loads. 
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The data presented in Tables 2 and 3 show that the bridge and ramp links passed the 
axial load test, obtaining maximum principal stress and maximum shear stress values that are 
less than the material’s yield strength. Table 4 also shows that the bridge and ramp links passed 
the wind load tests. It was proven that the assumed thickness and holes provided are safe.  
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Design of Aluminum Bridge Deck and Ramp Deck 
 
​ The deck is the main component that allows traffic to pass through MFOB. Decks are 
mechanically connected via shafts that allow them to fold during retraction and expansion. The 
loads applied to test the deck’s maximum capacity and strength are axial loads. The decks were 
designed to have a thickness adequate to carry all vehicle classes. 
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The data presented in Tables 5 and 6 show that the bridge and ramp decks passed the 

axial load test. The maximum principal stress and maximum shear stress values did not exceed 
the material’s yield strength. It was proven that the thickness of each deck is adequate and safe 
for vehicle passage. 
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Design of Aluminum Bridge Shaft and Ramp Shaft  
​ The shaft is the component that has a circular cross-section that connects the decks and 
the links. It provides support for rotating parts where the link and deck are mounted. It carries 
torque and withstands twisting forces. Moreover, it maintains the proper positioning of rotating 
parts and ensures smooth operation. The loads applied to test the shaft’s maximum capacity and 
strength are axial loads. The shafts were designed with a diameter sufficient to carry all vehicle 
classes. 
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Summary of Quantities and Cost Estimation 

The cost estimate presents the summary of quantities and the cost estimate for a single 
span of the bridge, the spans of the ramp, and the truss ramp.  

 
Summary of Quantities and Cost Estimation - Single Span of Bridge  

 
Saint Mary’s University, Bayombong, Nueva Vizcaya  

154 
 

https://journals-archive.smu.edu.ph/category/publication-of-engineering-architecture-researches/


 
Publication of Engineering & Architecture Researches , Vol. 16 (2025) ISSN: 2423-1274 

 
Table 9 

 

Summary of Quantities and Cost Estimation - 1st Ramp 

Table 10 
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Summary of Quantities and Cost Estimation – 2nd Ramp 

Table 11 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Summary of Quantities and Cost Estimation – 3rd Ramp 

Table 12 
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Summary of Quantities and Cost Estimation – 4th Ramp 

Table 13 

 

Summary of Quantities and Cost Estimation – 5th Ramp 

Table 14 
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Summary of Quantities and Cost Estimation – 6th Ramp 

Table 15 

Summary of Quantities and Cost Estimation – 7th Ramp 

Table 16 
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Summary of Quantities and Cost Estimation – 8th Ramp 

Table 17 

 

 

 

 

 

Summary of Quantities and Cost Estimation – 9th Ramp 

Table 18 
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Summary of Quantities and Cost Estimation - 1st Truss Ramp 

Table 19 

 

 

 

 

 

 

 

Summary of Quantities and Cost Estimation – 2nd Truss Ramp 

Table 20 

 

 

Total 
Cost 

Estimation for 1 Set of MFOB Ramp 

 Table 21 

 

 

 

 

 

 

 

 

 

 

CONCLUSION AND RECOMMENDATIONS 

Conclusion 

The study designed and analyzed a Mobile FlyOver Bridge (MFOB) to maintain 
continuous traffic flow and reduce congestion during road construction. It aimed to use steel as 
the primary material, evaluate the load capacity, provide a mobilization and demobilization 
scheme, and provide a detailed cost estimate for the MFOB. After a thorough analysis and review 
of the results of the study, the simulations, and a detailed cost estimation, the following 
conclusions are drawn: 
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1.​ The two materials used in the study, the aluminum alloy (A2024) and A36 steel, were 

validated through load testing. The aluminum alloy (A2024), having a yield strength of 
363 MPa, has been proven as a highly suitable material for retractable structures due to 
its high strength and lightweight properties. The A36 steel, with a yield strength of 248 
MPa, was also adequate for the truss ramp and the retractable columns and beams. 

2.​ The MFOB’s initial parameters were revised to achieve an optimal and safe design that 
fulfills its intended function. The final design features a length of 5.55 meters, a width of 
4.35 meters, and a total height of 5.27 meters from the floor line to the deck surface. It 
provides a vertical clearance of 4.12 meters from the floor line to the bottom of the beam 
and a horizontal clearance of 3.60 meters, ensuring safe passage for vehicles. 
Additionally, the designed ramp has a total length of 60.53 meters and follows a slope of 
1:12. 

3.​ Through structural analysis using STAAD Pro and ANSYS, the MFOB demonstrated the 
capacity to safely accommodate vehicles across all weight classes and categories, having 
a maximum load capacity of 76.1411 tons. The load testing showed that the designed 
structural components and their assembled configuration produced reliable results, with 
the maximum principal and shear stress remaining within the yield strengths of 
aluminum alloy (A2024) and A36 steel. The deformations were minimal and considered 
safe. The results of the load testing conducted ensure the structure's safety and 
durability under expected loading conditions. 

4.​ A comprehensive mobilization and demobilization scheme for the MFOB was developed. 
The process included the coordinated use of workforce and equipment, such as trailer 
trucks and mobile cranes, for transportation and assembly. A detailed sequence of 
assembly and disassembly was provided, outlining the systematic process that enables 
efficient deployment while minimizing traffic disruptions. 

5.​ The total estimated cost of the MFOB, including a set of ramps and a single bridge span, 
is ₱11,683,779.02. This cost shows that the MFOB is a viable solution. Additionally, the 
portability and reusability of the MFOB make it a cost-effective and practical alternative 
for managing traffic during road reblocking and construction projects. 

Recommendations  

Based on the findings and analysis of the MFOB, the researchers forward these 
recommendations to enhance the bridge's design and functionality. These recommendations aim 
to address identified limitations, improve operational efficiency, and guide future research:  

1.​ The initial design was limited to straight-road sections to validate the study's feasibility 
and establish a foundation for designing a more complex configuration. Given the 
Philippines' extensive mountainous highways, developing a design suitable for curved 
roads presents a promising area for future research.  

2.​ The study incorporated systems and mechanisms, but only included them in the 
structure, describing their functions as they fell beyond the researchers' design 
capabilities. The development of a hydraulic or pneumatic system to enable the 
expansion and retraction of the bridge’s scissor structure, as well as the integration of a 
similar system for the columns to allow adjustable height and faster deployment, 
presents a valuable opportunity for future research. The wheels must also be designed to 
have adequate capacity to carry the bridge, and the centralized controls for mobility 
shall be designed for them to be moved all at once.​  

3.​ The length of each span of the bridge can be increased. Increasing the bridge span could 
reduce the number of spans required for transportation and assembly, improving overall 
efficiency. 

4.​ Fatigue due to temperature and dynamic loading was not considered in the design of 
MFOB. Future research must include it in the analysis to further improve the design. 
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5.​ To expand the applicability and effectiveness of the MFOB, future research should focus 

on enhancing the MFOB for deployment in flood-prone areas and as a temporary bridge 
during natural disasters such as earthquakes, landslides, and typhoons. 

6.​ To accurately assess the feasibility of the MFOB, a comprehensive cost analysis should be 
conducted.​  
 

By implementing these recommendations, the MFOB can be further optimized to better 
serve as a practical solution for minimizing traffic congestion during road construction. 
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