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Bridges are elements or parts of roads; traffic is a global 

problem. Bridges have a special role in transportation 

infrastructure because they are directly connected to other 

places, and used to cross rivers, roads, and valleys. Each 

structure has different needs, therefore there are already 

various types of bridges with materials that are often used in 

bridge construction, namely steel, reinforced concrete, 

prestressed concrete, or post-tensioned concrete. This paper 

aims to redesign the Canaan Bridge which almost collapsed. 

The method used in re-planning this bridge is a survey 

research method, the research location is Jalan Damai RT 07 

Kanaan Village, Bontang City with a length of 15-17 meters and 

a width of 5.8 meters. The results of the research and planning 

results related to the reconstruction of wooden bridges into 

composite bridges, it can be concluded that the planning uses 

FC' 25 concrete quality, HB 450.300.9.16 for girder profiles, 

and HB 350.175.6.9 for the diaphragm and elastomer 

placement 400x350x39mm. The analysis of the lower 

structure uses an abutment measuring 4,073 meters in height 

and 1,880 meters in width. For the foundation, use a mini pile 

foundation with a size of 250x250 with a depth of 18 meters. 

1. Introduction 

The bridge is an element or part of the road. Construction of roads, buildings, and infrastructure can 

improve visibility as the country becomes more industrialized but can cause congestion. There are many 

causes of congestion, including population growth, construction of high-rise buildings, traffic 

restrictions, and ongoing bridge construction (Rifai & Isradi, 2022). Bridges play a special role in 

transportation infrastructure because they are directly connected to other. Bridges are used to cross 

rivers, highways, valleys, and canyons. All structures have different requirements, such as traffic flow, 

span distance, building characteristics, and geometry. Therefore, there are already various types of 

bridges with materials often used in bridge construction, namely steel, reinforced concrete, prestressed 

concrete, or post-tensioned concrete. (Chen et al., 2020). 

Using an effective structural design, the type of bridge to be used is determined by the loads and 

environmental conditions that must be supported effectively by the new and existing structures, 

including dead load, traffic, rain, wind, flood, and earthquake events. Other long-term damage issues, 

such as corrosion, wear, and fatigue, depend on the treatment process. Prevention and control of 

degradation processes can apply protections such as paints and coatings. (Gonzalez et al., 2020). The 

first bridge was built in 2650 BC by King Manes of Egypt to cross the Nile. Then in 783 BC, it was 

developed by Queen Semirawis from Babylon, who built a bridge to cross the Euphrates River. 
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Indonesia is a tropical country consisting of more than 17,000 islands. The hot, wet, and humid climate 

can destroy bridges. Based on data from the Directorate General of Highways, the whole road network 

in Indonesia was 488,181 km in 2015. In 2019 it is expected that there will be 15,000 km of new roads 

to support tourism, airports, ports, and railroads. (Oktavianus et al., 2020). Indonesia is ranked 5th with 

the largest population, with 276 million people. Cause Indonesia is not free from the problem of 

congestion (Wahyudi et al., 2022). In addition to the high maintenance costs, several significant bridges 

have collapsed yearly in Indonesia for the last eight years, such as the Tenggarong Kutai Bridge in 2011, 

the Lebak Banten Bridge in 2015, the Bengkulu Bengkulu Bridge in 2016, the Klungkung Bali Bridge in 

2016, the Tanipah Bridge in South Kalimantan in 2017, and the Widang Bridge in East Java in 2018. The 

bridge is a newly built structure, and new facilities are installed, and the old bridges have served their 

lives (Oktavianus et al., 2020). 

One of the bridge repair projects, including the Canaan Bridge repair project. The bridge is part of the 

road that must be designed as well as possible to meet the needs. Bridge planning is very complex, from 

several aspects and variables that must be considered. Bridge planning must follow the concepts of 

effective, efficient, economical, safe, and environmentally friendly. It aims to ensure the safety and 

comfort of bridge users (Andito et al., 2023). The Kanaan Bridge is located on Jalan Damai RT 07, Kanaan 

Village, Bontang City, with a length of 15-17 meters and a width of 5,8 meters. Residents use the Kanaan 

Bridge as a shortcut to connect the Kanaan area with parts of Telihan Village, West Bontang Region. This 

bridge is an infrastructure project that stopped in 2014 due to several factors. The budget for this bridge 

construction project is Rp. 2.5 billion, with an auction process, won by CV Elza Jaya Prima. This is always 

conveyed every 3 years at the Subdistrict Development Planning Meeting (Musrenbang) but has never 

been made a development priority. Several times, the related offices, both city, and province, have 

conducted surveys and taken samples of bridges, but repairs have yet to be carried out, as a result, the 

condition of this bridge is getting worse and endangering residents. 

From the sampling and site survey results, the previous construction plan with a wooden bridge was 

considered imperfect or inadequate if a heavy load passed through the bridge (Mitoulis, 2020). In 

addition to the fragile nature of wood, the use of wooden bridge construction in Indonesia is also 

decreasing, except for wood, which is still used in some new bridge construction. However, wooden 

construction has been largely replaced by concrete and steel (Ali et al., 2019). The old wooden bridge is 

still in use but needs to be repaired and maintained correctly. A temporary wooden bridge is used for 

bridge emergencies or during construction work, and existing bridges may require intensive upgrading. 

If wood is still used, you should choose wood with class I or according to specifications. This wood 

material must be protected from marine animal attacks and termite attacks (Anderson, 2018). This 

study aims to examine the bridge that will be reconstructed using a composite bridge as a substitute for 

the old bridge. Explaining the advantages and disadvantages of the new bridge. Designing a composite 

bridge with design standards ensures the resulting bridge is strong, comfortable, and has an aesthetic 

function. This composite bridge will use a mini pile foundation. This new bridge uses D19-150 main 

reinforcement plate with FC' 25 concrete quality, HB 450.300.9.16 for girder profiles, and HB 

350.175.6.9 for diaphragms and elastomeric placement diameter of 400x350x39mm. 

2. Literature Review 

In Indonesia, bridge planning refers to the normative guidelines of SNI 03-1725-1989, SNI 2838:2008, 

SNI 03-2850-1992, RSNI T-02-2005, RSNI T-03-2005, etc. The prestressed bridge is a long-span bridge 

that uses a cable system as the main foundation (Lai et al., 2018). It is known that from the 1800s until 

now and from year to year have experienced several innovations in both construction systems and 

methods (Kadir, 2019). Prestressing is generally applied to composite bridges with precast concrete 
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girders and in-situ cast concrete slabs. Given the relatively large weight of the beam, the erection of the 

girder requires heavy equipment with a large capacity and must be carried out with extra care so as not 

to suffer damage and structural failure (Beatrix et al., 2018). 

Most of the bridges in Indonesia use a simple placement system. The structure between the vehicle's 

floor and the road plate is separate from the beam. Broadcasts are normally closed using a different 

construct called an expansion joint which is usually made of iron or steel (Naji et al., 2020). The 

problems with this broadcast often cause inconvenience for bridge users because it is felt that it could 

be smoother when crossing the bridge while driving. Improved With this problem, the connecting plate 

can be used to close the gap in the bridge plate (Liu & Fu, 2019). This study describes the construction 

plan for the connection plate, which is preceded by additional support inspection based on the span of 

the bridge and the steel beams to be used (Hermansyah, 2018). 

Using strength concrete and expanded clay in bridge structures, density standards according to 

European standard EN 206-1 development of lightweight concrete structures with increased strength, 

lightweight concrete, and lightweight concrete development prospects favor the use of lightweight 

concrete in bridge construction by increasing the proportion of lightweight concrete structures with a 

strength of 45-70 MPa in bridge construction (Yang & Yang, 2018). Based on the analysis, experimental 

and theoretical studies, clay concrete is used as a substitute for heavy concrete with dense aggregates 

of the same strength (ChS et al., 2022). 

Composite bridges have several advantages over non-composite structures. Several advantages of using 

this composite structure are steel profiles that can be saved compared to non-composite beams, the 

cross-section or height of the steel profile is lower to reduce or save floor height in buildings, and free 

space height in bridge buildings. The stiffness of the reinforced concrete slab floor is higher due to the 

influence of the composite (fused with the steel girder), so the floor deflection plate (composite) is 

getting smaller (Meteș et al., 2018). The span length for specific rods can be more significant, meaning 

that with a steel and concrete composite system, the bearing moment is more significant for the same 

cross-section. Bridge planning using the mixed type is very advantageous because the composite 

structure can withstand a load of about 33% to 50% greater than the load that steel can carry without 

any configuration behavior (Anggraini et al., 2020). 

Slab damage on a composite bridge structure consisting of reinforced concrete slabs and steel I beam, 

using vibration characteristics and Artificial Neural Networks (ANN). ANN is used together with the 

strain damage index to find and measure damage to steel beams which are the main load-bearing 

elements of bridges, changes in relative capital flexibility are used to find and measure bridge damage 

(L Gould et al., 2019). A cost-effective Lightweight Composite Bridge Deck (LCBD) System, lightweight 

Ultra-High-Performance Concrete (UHPC) lining including Orthotropic Steel (OSD) Deck is proposed to 

improve the rigidity and fatigue performance of conventional OSD (Hall et al., n.d.). Static and fatigue 

tests on the full-scale strip model experienced buckling. Increasing the ratio of reinforcement can 

increase the flexural stiffness of LCBD and reduce the tensile strain of the UHPC layer, while the change 

in the span is relatively small. The flexural strength and reinforcement ratio of UHPC are important 

factors affecting the fatigue life of UHPC coatings (Nakamura et al., 2019). Application of UHPC on steel 

deck pavements, rib-to-diaphragm welded joints are still prone to cracking. The S–N curve is difficult to 

use directly in predicting the fatigue life of UHPC coatings due to the large differences in the stress level 

definition and failure evaluation index in the fatigue test, it needs to be modified in further studies (Dyke 

et al., 2019).  

The application of UHPC in bridge engineering is limited due to its high cost, and relatively little is known 

about the mechanical behavior of UHPC in bridges (Zhou et al., 2018b). Applications of various bridge 



 Civil Engineering and Architecture Journal Vol (Year) E-ISSN 
DOI 10.37253/leader.v1i2.7891 

 

117 

L E A D E R 
Civil Engineering and Architecture Journal 

 

Receieved 20 Mei 2023 
Available online 30 Juni 2023 
Published by Fakultas Teknik Sipil dan Perencanaan UIB 

components, such as pillars, girders, decks, and girders used for seamless bridges, can implement a 

mixed design of UHP and UHPC optimized considering the cost and application for the bridge (Forde et 

al., 2020). The bridge structure can be selected by considering the implementation cost factor. Box 

culvert structures can be practical for span bridges and short bridge heights. With the box culvert 

structure, there is no need to plan the bridge's foundation, substructure, and superstructure. The bridge 

structure becomes more straightforward, thus facilitating the implementation process and more cost-

effective (Nurdiana et al., 2021). 

Cable-stayed and deck arch bridges are several types of existing bridges. Cable bridges consist of pillars 

and girders supported by cables connected to the pylons and beams. The advantage of using this type of 

bridge is to minimize the scouring effect on the bridge pillars, and it is beautiful from an aesthetic point 

of view. This is inversely proportional to the steel frame warren-type steel frame bridge in the initial 

plan, which uses two pillars. The main structural form of this cable-stayed bridge is a combination of 

various structural components between towers or pylons, cables, and box girders (Opirina & Ulfa, 

2023). The suspension bridge is a type in which the deck is suspended on vertical suspensions. Built-in 

the early 1800s, this type of bridge has cables strung between the towers and vertical suspender cables 

that transfer live and dead loads from the decks below. Allows the deck to be flat or curved up for 

additional weight. These bridges are often built without the use of falsework. The highway is supported 

by cables or vertical suspender rods, i.e., hangers. In some situations, the towers are at the edge of a cliff 

where a path can lead directly into the main span. Otherwise, bridges usually have two smaller spans 

sandwiched between pillars and a walkway, which may be supported by cables or trusses (Kasus et al., 

2021). 

The flexural test results for meranti-balau composite wood samples with a high-quality wood 

composition of 10% obtained an average flexural strength value of 559.89 kg/cm2 (E11). Meranti-Balau 

composite wood with a high-quality wood composition of 20% obtained an average flexural strength 

value of 597.79 kg/cm2 (E11). At the same time, Meranti-Balau composite wood with a high-quality 

wood composition of 30% obtained an average flexural strength value of 673.92 kg/cm2 (E13). This 

result can make an alternative to using strong class wood that is difficult to find as a bridge. So, it was 

concluded that using class I and class III composite wood was feasible for bridge structures with a 

maximum load of 500 kg (Murtono et al., 2019). 

The choice of wood as the primary material for the bridge is not without reason. Suryoatmono (2013) 

stated that the structural design requirements, apart from meeting the needs for strength and 

serviceability, must also meet the requirements for being environmentally friendly and energy efficient. 

Therefore, wood is the answer. Wood is an environmentally friendly material compared to other 

materials (concrete and steel). Based on the APA report in Suryoatomo (2013), the energy required to 

produce 1 ton of cement, glass, and steel is 5 times, 14 times, and 24 times the need to produce 1 ton of 

wood, respectively. The obstacle to using wood for construction is the need for more wood with large 

dimensions. To overcome this problem, engineered wood emerged, including box-beam. Hollow 

sections have been shown to increase the usability of the material, which can significantly increase the 

amount of inertia when compared to solid wood of the same cross-sectional area. Camphor wood 

(Dryoblanas sp.) is the wood used in most buildings. Camphor wood is resistant to sawdust, has little 

shrinkage, and is easy to process. The elastic modulus of camphor wood at a moisture content of 13.79% 

is 14783.58 MPa. Based on these conditions, the strength comparison between conventional wooden 

bridges and wooden bridges using box beam elements from camphor wood needs to be studied further 

(Wijaya et al., 2018). 
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I-profile is the most used shape for bridges. The prestressed bridge was designed using the post-

tensioned method using I-profile support beams as the main structure. Using Uncoated 7 wire super 

strands prestressed cable ASTM 416 Grade 270 Low Relaxation (Manalip & Handono, 2018). Steel-

concrete composite bridges are used as an alternative to concrete bridges because of their ability to 

adapt their geometry to design constraints and the possibility of reusing some of the materials in the 

structure. In addition to qualitative analysis, multivariate analysis was used to identify knowledge about 

bridge design and detect trends in research. Life cycle impacts and decision-making strategies enable 

bridges to get better, especially at the end of the life of composite bridges (Martínez-Munõz et al., 2020). 

Steel-concrete box girder composite bridges consider cost and CO2 emissions as objective functions. 

Takes CO2 emissions to add sustainability criteria in comparing results to costs. Metaheuristics of 

SAMO2, SCA, and applied to achieve goals (Yepes et al., 2019). From cost optimization and CO2 analysis, 

it can be seen that a reduction of 2.51 kg CO2 is obtained for every euro reduced by metaheuristic 

techniques, and for optimization, it is seen that the addition of cells to bridge the cross section for 

optimal results. The proposed design of a double composite action on the abutment eliminates the 

continuous longitudinal stiffeners (Martínez-Muñoz et al., 2022). 

3. Method 

Expected to ensure the comfort and safety of users, this paper aims to redesign the Kanaan bridge, which 

almost collapsed. The method used in the re-planning of this bridge is a survey research method, which 

later the plan will refer to the applicable standards (Rifai & Djamal, 2022). The research location is Jalan 

Damai RT 07, Kanaan Village, Bontang City, with a length of 15-17 meters and a width of 5,8 meters, can 

be seen in Figure 1. 

 

   
Figure 1. Research Location (Source: Google Earth, 2023) 

The data used in this study consisted of primary data and secondary data. The primary data is the bridge 

location condition and the bridge dimensions. Then secondary data, location maps, and standard 

reference books apply. Research stages: 

a. Observation 

b. Planning Method 

c. Design Method 

d. Planning Stages 

To ensure all methods are successful then applied to avoid bridge degradation, planned maintenance. 

The cost of the maintenance plan is included in the bridge budget (Zhang et al., 2019). The first step is 

to review the structural elements of the bridge within the scheduled time. Beams, piers, joints, cables, 

decks, and materials used must show no damage, such as cracks, corrosion, deformation, and other 

problems. For mitigation and prevention of corrosion, the treatment process must have a plan 

considering the following: 
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a. The expected useful life of the bridge. 

b. Classification of bridges. 

c. Details of corrosion mitigation and prevention methods. 

d. Maintenance program. 

4. Result and Discussion 

Observations were made in February 2023 at the Kanaan Bridge, which is located on Jalan Damai RT 07 

Kanaan Village, Bontang City. The condition of the bridge before being repaired can be seen in Figure 2 

and the condition of the Kanaan bridge while under construction can be seen in Figure 3. 

 
Figure 2. The Condition of the Kanaan Bridge Before the Reconstruction (Source: Google, 2023) 

  

Figure 3. Kanaan Bridge under construction work (Source: Google, 2023) 

Data obtained from the existing Kanaan Bridge has a length of 15-17 meters and a width of 5.8 meters. 

The Canaan Bridge today uses wood from the girders to the railings. This research partly collects data 

from a survey conducted by the Public Works Department of Bontang City together with a planning 

consultant from CV Elza Jaya Prima as a service provider. The main function of the Kanaan Bridge is 

used by residents as a shortcut to connect the Kanaan area with parts of Telihan Village, West Bontang 

Region. Thus, the burden borne by the Canaan Bridge is not too large, because the heaviest burden is 

only passed by motorcyclists. Reinforcement planning for this right bridge can be seen in Figure 4. 
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Figure 4. Reinforcement Planning (Source: CV Elza Jaya Prima) 

The reconstruction plan for the Right Bridge can be seen in Figure 5. 

 
Figure 5. Plan of the Kanaan Bridge (Source: CV Elza Jaya Prima) 

Section of the right bridge reconstruction can be seen in Figure 6 and Figure 7. 
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Figure 6. Section of the Kanaan Bridge (Source: CV Elza Jaya Prima) 

 

Figure 7. Section of the Kanaan Bridge (Source: CV Elza Jaya Prima) 

The Kanaan bridge abutments can be seen in Figure 8. 

 

Figure 7. Abutments Section (Source: CV Elza Jaya Prima) 
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5. Conclusion  

Based on research and planning results related to reconstructing wooden bridges into composite 

bridges. The design of a composite bridge superstructure with a span length of 15-17 meters and a width 

of 5.8 meters uses concrete quality FC' 25, HB 450.300.9.16 for girder profiles, and HB 350.175.6.9 for 

diaphragm and elastomer 400x350x39mm placement. Analysis of the lower structure of a composite 

bridge with a length of 15-17 meters and a width of 5.8 meters using abutments measuring 4,073 meters 

in height and 1,880 meters in width. For the foundation, use a mini pile foundation of 250x250 with a 

depth of 18 meters. 
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