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This study compares the economic feasibility of concrete and steel 
bridges by analyzing material costs, maintenance expenses, and project 
efficiency. A comprehensive literature review highlights the advantages 
and limitations of each material. Concrete is recognized for its low initial 
cost, excellent compressive strength, and widespread availability, 
making it ideal for conventional bridge designs. Steel, on the other hand, 
offers superior tensile strength, high durability, and faster 
prefabrication, making it suitable for complex and long-span structures. 
The research methodology involves applying the Critical Path Method 
(CPM) for scheduling and cost analysis to determine the most efficient 
material choice based on project requirements. The findings reveal that 
while steel bridges have a higher initial cost, they may yield lower long-
term maintenance expenses and greater structural adaptability. 
Conversely, concrete bridges are more favorable for short-term projects 
with immediate budget constraints. The results emphasize the 
importance of strategic material selection and efficient project 
scheduling to achieve optimal construction outcomes and cost 
management. 

 

1. Introduction 

 A bridge is a structure that supports transportation facilities by connecting two sides of a 

road separated by obstacles such as rivers, valleys, or highways. Bridges play a crucial role in 

transportation by enabling people and vehicles to cross natural or artificial barriers quickly and 

efficiently. The presence of a bridge enhances mobility and economic development, reduces travel 

time, facilitates evacuation and emergency access, and infrastructure development. Bridges 

generally consist of several construction elements: solid foundations, support pillars, connecting 

structures like highways or railways, and roofs or safety rails on each side for safety. Bridges can 

be constructed from various materials such as steel or concrete, and they come in multiple 

designs and architectures, from ordinary to grand bridges. [1] 

 Environmental sustainability has become a primary focus in infrastructure development 

in this modern era. As demands for sustainable development rise, innovations in bridge design 

have become increasingly important to ensure infrastructure development meets transportation 

needs while positively impacting the environment. To reduce the ecological impact of 

construction projects, innovations in bridge design have become crucial to sustainability goals. 

The application of environmentally friendly materials, advanced technologies, and designs that 

support energy efficiency are the main aspects covered in innovations. [2] 
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For remote areas, bridges are essential for easing residents' access to their daily activities. 

However, difficult-to-navigate access roads complicate bridge construction, making transporting 

needed materials expensive compared to easily accessible areas. Consequently, building long-

span or short-span bridges faces economic, access, and construction phase challenges. Comparing 

various grades of regular concrete with the desired bridge design is expected to yield efficient 

and safe design results, as bridge safety is a primary factor in bridge design to ensure the bridge 

withstands live and dead loads, thus providing user safety. [3] 

 Most bridge constructions in Indonesia, especially on county roads, use simple beam 

types (bridges on two supports). However, if not properly maintained, such bridges will suffer 

damage around the expansion joints and supports, impacting user comfort and leading to high 

maintenance costs. The solution is an integrated bridge design that combines the lower and upper 

structures into an integral bridge system. Integral bridges, made without movement between 

spans or between spans and abutments, can be constructed monolithically without expansion 

joints, reducing maintenance and joint and bearing replacement costs. [4] 

 Durability and cost planning focus on bridge structures. This study compares cost 

analyses for steel and concrete bridges. 

 

2. Literature Review 

2. 1 Theory and Basic Concepts of Steel and Concrete Bridges 

Bridges are essential elements in transportation infrastructure, often using 

concrete and steel for their strength and durability. Concrete is known for its compressive 

strength, while steel excels in tensile strength and offers design flexibility [5]. Concrete is 

the most widely used construction material, with about three tons per person annually 

on Earth [6]. Material selection often depends on initial cost considerations, durability, 

and long-term maintenance needs. 

 

2. 2 Economic Analysis of Steel Bridges 

Steel bridges have cost-efficiency advantages, primarily due to prefabrication. 

Prefabrication allows bridge components to be produced off-site and transported to the 

construction site, reducing construction time and labor needs on-site [7]. This accelerates 

construction and reduces traffic disruption during construction. Although steel material 

costs may be higher initially, time and labor efficiency can lead to significant cost savings  

[8]. Additionally, steel bridges are more accessible to repair and update, extending their 

lifespan and reducing long-term maintenance costs. 

 

2. 3 Economic Analysis of Concrete Bridges 

Concrete is a popular material in bridge construction due to its high compressive 

strength and relatively low cost. Research shows that concrete bridges have advantages 

in terms of lower initial material costs and wide availability  [9]. However, concrete also 

has disadvantages, such as the need for more frequent maintenance and potentially high 

repair costs  [10], especially in harsh environmental conditions. Concrete is also prone to 



  

934 

Civil Engineering and Architecture Journal 
Vol. 2. No. 4 2024 

Marwa Nurul Khorimah Hanafi dkk 

cracking and damage due to extreme temperature changes, which can affect the long-term 

durability of the bridge. 

 

2. 4 Planning Calculations 

During the early project stages, estimation information is often not very detailed, 

leading to less accurate results. Thus, a cost estimation model explaining most projects 

based on minimal information is needed. [11]. The CPM (Critical Path Method) is used to 

identify critical paths or work items. The CPM addresses issues with forward and 

backward calculations  [12], speeding up bridge construction work and using S-curves to 

control projects by comparing design and field S-curves. [13]  

 

3. Method 

This research was conducted by searching journals from sources using predetermined keywords, 

then selecting journals based on "Bridge Planning," "Cost Efficiency in Bridge Construction," 

"Bridge Planning Management," and "Bridge Planning Management Analysis." This study uses 

CPM data analysis. 

4. Result and Discussion 

4.1 Critical Path Method (CPM)  

The Critical Path Method (CPM) plans and controls project timelines. Network diagrams, 

often called arrow diagrams, depict activities with arrows using specific symbols. 

Forward and backward project duration calculations must be understood before creating 

a critical path in the Activity on Arrow (AOA) scheduling method. Terms related to 

forward and backward AOA calculations include: 

• Early Start (ES): the earliest activity can start after the preceding activity finishes. 

• Late Start (LS): the latest time an activity can finish without delaying the project 

schedule. 

• Early Finish (EF): the earliest time an activity can finish if it starts at its earliest 

and is completed within its duration. 

• Late Finish (LF): the latest time an activity can start without delaying project 

completion. 

 

Figure 4.1 ES, LS, EF, LF 

Two calculations are known in the AOA network to obtain the ES, LS, EF, and LF 

numbers, forward and backward. 1. Forward Calculation: In identifying the critical 

path, a method called forward calculation is used with the following rules: 

• A new activity can only start if its predecessor activities have been completed 

except for the initial activity. 
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• The earliest start time for an activity is 0. 

• The earliest finish time for an activity is equal to the earliest start time plus the 

duration of the activity. 

 

 

 

 

4.2 Unit Price Analysis of Concrete Bridges 

Reinforcement Work per 1kg 

 
 

Concrete Pouring Work per 1 Meter 

 

From the example AHSP table for reinforcement and concrete pouring work above, it can 

be concluded that: 

• The cost of reinforcement work for Bore Pile using deformed bars per kg is Rp. 

13,200. 

• Concrete pouring costs for ready-mix concrete B-2 fc' 30 MPa is Rp. 1,264,683.42, 

and the rental price for a Truck Mixer per hour is Rp. 627,563.28. 

 

4.3 Cost Planning Calculation 

4.2.1 Concrete Bridge Construction 

• Materials  

The formula is Price x coefficient x volume. The price of Ready Mix concrete 

quality B-2 fc’ 30 is Rp. 1,264,683.42. The coefficient for the material is 1.02. And 
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the casting volume is 847.80 cubic meters. So, Rp. 1,264,683.42 x 1.02 x 847.80 = 

Rp. 1,093,642,575.55. 

• Equipment  

The formula is the Number of equipment x rental time x rental price. According to 

the duration calculation, three truck mixers were used for 34 hours, less than four 

days. The rental price for one truck mixer is Rp. 627,563.28 per hour. So, 3 x 34 

hours x Rp 627,563.28 = Rp 63,845,777.85. 

• Labor 

The formula is the total Number of workers x worker's wages. In the duration 

calculation, 20 workers are needed for four days, with five workers per day. 

• Bill of Quantities 

 
 

4.2.2 Steel Bridge Construction 

This RAB (Budget Plan) calculation results from the total worker costs, total 

equipment rental costs, and total material costs produced by the RAB, with 

estimated costs for each task as follows: Rp. 506,244,000 for preparation work, 

Rp. 468,549,462 for foundation work, Rp. 847,146,316 for structural work, Rp. 

3,750,438,713 for drainage work, Rp. 14,742,000 for other costs, and the total 

RAB calculation obtained is Rp. 5,806,326,421. 

 

 
 

4.4 S-Curve 

4.4.1 Concrete Bridge Construction 
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Figure 4.2 S-Curve for Concrete Bridge 

 

4.4.2 Steel Bridge Construction 

 
Gambar 4.3 Kurva S jembatan Baja 

 

4.5 CPM Calculation Results 

4.5.1 Concrete Bridge Construction 

From the CPM results, it can be determined that the sequence of tasks is preparation 

work and clearing work, followed by rebar work from A1 to A2. After the rebar work 

at A1, it proceeds to drilling and casting from A1 to A2. Rebar and drilling can be done 

simultaneously, but rebar work must be completed before casting. During the casting 

work at point P6, structural excavation from A1 to A2 can also be done 

simultaneously. Thus, the critical path can be determined: preparation work – land 

preparation – drilling from A1 to A2 – rebar work at A1 and A2 – casting from A1 to 

A2 – structural excavation from P6 to A2. 
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4.5.2 Steel Bridge Construction 

From the calculation of labor, equipment, and material costs, the resulting S-Curve 

is shown below, with the respective weights of each task. The S-Curve forms 

because, from week 1 to week 6, the project's progress is slow in the initial phase. 

This is followed by a rapid progression of activities from week 7 to week 28 over 

a more extended period. From week 29 to week 32, the rate of progress decreases, 

ending at the final point of the project with the curve tapering off. 

 
4.6 CashFlow 

4.6.1 Concrete Bridge Construction 

 
4.6.2 Steel Bridge Construction 
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5. Conclusion 

 This document contains a cost comparison between the planning of a concrete bridge and 

a steel bridge to estimate costs in the construction industry. By making this comparison, it is 

found that planning a bridge using steel is more efficient than using concrete. Ultimately, CPM 

helps construction practitioners estimate costs and time in a tangible form. This is done by 

comparing the RAB, S-Curve, and CPM results as references. However, this comparison cannot be 

applied to all planning scenarios because it is intended to choose one option to optimize costs. 

This approach is only feasible when choosing between the two types of bridges is impossible. 
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