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ABSTRACT  

Bridges play a crucial role in connecting various routes and water bodies, necessitating regular 

monitoring to prevent potential hazards and losses due to deterioration. In Indonesia employs 

the Bridge Management System (BMS) for decision-making regarding maintenance, repair, and 

replacement activities, its reliance on a limited set of criteria may lead to uncertainties in bridge 

condition assessmsents. This study explores the Sufficiency Rating (SR) method as an 

alternative for assessing bridge feasibility. By considering multiple factors, including structural 

adequacy, serviceability, functionality, and public interest, the SR method offers a 

comprehensive approach to bridge evaluation. An analysis of the Mungkung Overpass on the 

Ngawi Kertasono toll road was conducted to evaluate the effectiveness of the SR method. The 

findings classified the bridge as excellent, indicating no immediate need for treatment. 

However, the SR method has limitations, particularly in visually assessing damage to 

superstructure and substructure elements, which may introduce subjectivity. Overall, this 

research contributes to the ongoing development of bridge assessment methodologies in 

Indonesia, aiming to enhance decision-making processes and ensure the safety and longevity 

of bridge infrastructure. After analyzing the data obtained through the implementation of the 

SR method, it was revealed that S1 achieved a value of 45%, S2 achieved 23%, S3 achieved 

12.7%, and S4 achieved 6%. The total actual value of the four parameters calculated based on 

the SR method was 74.7%, with a difference of 25.3% from the maximum value. These findings 

clearly illustrated that the bridge satisfied the criteria for deficiency, thereby necessitating 

comprehensive rehabilitation measures to be undertaken. 
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1. Introduction 

 

A bridge is a structure that connects interrupted routes or 

crossings such as rivers, lakes, straits, channels, roads, and 

the like. Over time, the life of the bridge will naturally 

decrease. Therefore, it is important to regularly monitor 

the condition of the bridge to prevent sudden collapse that 

can cause both material and non-material losses. Bridge 

collapse can disrupt various socio-economic sectors such 

as education, trade, and health in society [1]. 

 

In Indonesia, the BMS (Bridge Management System) has 

been implemented for bridge condition assessment, which 

considers 5 aspects of the criteria set by the Ministry of 

Public Works and Public Housing. Damage assessment 

criteria are based on the value of Structure (S), Damage 

(R), Quantity (K), Function (F), and Effect (P).  From 

these criteria, a condition value will be obtained with a 

range of 0 (Good) to 5 (Collapse). Then, the condition 

value identifies the type and level of repair needs, 

decision-making related to priorities, preparation of 

maintenance plans, and bridge rehabilitation.  Because the 

BMS method only considers damage parameters in 

decision-making, it can cause uncertainty or inaccuracy in 

the assessment of bridge condition values [2]. In contrast 

to the condition assessment by the Federal Highway 

Administration (FHWA) which not only considers 

damage parameters, but also pays attention to other 
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aspects such as Average Daily Traffic, Detour Length, 

Traffic Lanes, Structure Type, Structural Evaluation, and 

Inventory Rating [3]. The many parameters make the SR 

method more accurate in terms of decision-making. The 

analysis results provide the status of the bridge and 

handling recommendations. 

 

The bridge structure will deteriorate with the age of the 

bridge so it must be maintained and rehabilitated so that it 

can continue to function. Therefore, it is necessary to 

prioritize bridge preservation [4]. In this study, the NBI 

historical significance SR was utilized in a selection 

matrix design. Bridge inventory is first sorted using this 

matrix as a tool. According to the bridge prioritization 

results, SR and NBI historical relevance are insufficient 

criteria for correctly prioritizing bridges. To ensure more 

accurate results in this study, it is advised to adopt a more 

focused methodology for bridge prioritizing, such as 

qualitative methodologies. 

 

Method for assessing bridge resilience based on various 

factors such as replacement cost, consequences of events, 

user cost, foundation type, support type, overload, 

strength reduction factor, and protection from erosion. The 

method includes a quantitative approach by incorporating 

weighting factors to calculate the bridge resilience 

assessment, as well as tables and equations to calculate the 

resilience assessment. The research also shows that 

sufficiency assessment alone does not fully reflect bridge 

resilience, and that the two quantities together provide a 

more complete assessment of a bridge's condition. In 

addition, this research also provides an overview of the 

resilience assessment for four case study bridges in 

Arizona, with a detailed discussion of the resilience 

assessment for each bridge [5]. 

 

New process for the evaluation of the condition of 

concrete, steel, masonry, and timber bridges through 

visual inspection which is shown for general maintenance 

planning within the framework of the BMS. This study 

aims to plan maintenance interventions, forecast future 

structural conditions, and assess the bridge's state by 

visual examination. As a result, combining the Total 

Sufficiency Rating (TSR), Element Sufficiency Rating 

(ESR), and Condition Value (CV) approaches for the 

evaluation of the current condition through visual 

inspections. The findings demonstrate that multiple bridge 

maintenance may be prioritized based on the level of 

damage to a single component and that a bridge 

maintenance plan can be created by taking the overall 

efficiency into consideration through TSR [6]. 
 

The construction and verification of Markov systems for 

forecasting the deterioration of bridge and culvert 

conditions in Texas based on a period data. The models 

were developed using Markov methodology and classified 

into groups depending on criteria including age, material 

type, and traffic. The models provide probabilities of 

condition ratings decreasing over a 2-year inspection cycle 

and were validated and implemented for forecasting the 

eventual state of the bridge and drainage connection. The 

research aims to fulfill a Federal Highway Administration 

requirement for forecasting the deterioration of bridge and 

pavement assets. The study emphasizes the importance of 

accurate deterioration forecasts for bridge management 

and acknowledges the support of the National Bridge 

Inventory Federal Highway Administration (NBI FHWA) 

for the research [7]. 

 

Prioritizing maintenance of bridges should be conducted 

by condition and effect on the transportation system, given 

the limited resources available for this purpose. According 

to the Federal Highway Administration's inquiry, the 

majority of US transportation authorities continue to 

heavily depend on SR as a qualitative measure of bridge 

functionality and safety when allocating funding to less 

suitable bridges. The purpose of this research is to offer a 

methodical, quantitative risk-based approach to bridge 

grading. To more precisely assess the likelihood and 

effects of bridge failure, the suggested method combines 

traffic network analysis, public datasets, and structural 

reliability analysis. Thus, the SR-Based Bridge Ranking 

and Risk-Informed Bridge Ranking methods are used [8]. 

 

Bridge condition ratings have been produced using a 

variety of methods. Consideration of methods using the 

BCR (Bridge Condition Rating) [9] [10], BHI (Bridge 

Health Index) [11][12], and BCI (Bridge Condition Index) 

[13][14][15][16] techniques as condition ratings. Based 

on some of the previous research, several previous studies 

have indicated that the SR method could be considered as 

an alternative for the development of existing methods 

used in assessing bridge feasibility. In existing 

assessments conducted using the BCR, BHI, and BCI 

methods, the weight of the elements was considered one 

of the parameters for determining the bridge's condition. 

In contrast, assessments employing the SR method were 

more detailed, considering numerous parameters such as 

ADT, lane on structure, under clearance, structural 

evaluation, deck geometry, physical condition of 

elements, approach roadway alignment and width, and 

inventory rating. The inventory rating parameter provided 

more objective results as it factored in the rating factor to 

determine the bridge capacity. The SR method can be an 
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alternative in developing existing methods for assessing 

the feasibility of bridges.  In addition, The SR method has 

never been applied to determine the feasibility of bridges 

in Indonesia, therefore the SR method is a new research 

on bridges in Indonesia. 

 

2. Methods 

 

2.1 Research Methodology 

 

The step of this research can be seen in Figure 1. The first 

step involved conducting a literature study aimed at 

developing theoretical and practical aspects to identify 

problems from research journals and books. Information 

about the problems, methods, and topics to be developed 

was provided by the literature study. The Condition Value 

was developed using the SR FHWA method [17]. This 

research was conducted at Ngawi Kertasono Toll Road 

with a case study conducted at Mungkung Overpass KM 

643+300 can be seen in Figure 2.  

 

In the next step, applicable standards and theories in the 

selected method were collected and understood to 

continue the research. Secondary data collection took the 

form of inventory data (name, location, structure type, 

length, width, height, construction year, condition, 

maintenance history, and bridge photos), documentation 

of element damage, as-built drawings, detailed inspection 

data, LHR data, and primary data through visual 

inspection of the overpass, which was the object of 

research. The results of the visual inspection were 

followed by the use of the FHWA SR method for the 

bridge condition assessment system [17].  

 

 

Figure 1. SR FHWA calculation flow chart 

Figure 2. Research Location Mungkung Overpass, Ngawi Kertosono Toll Road KM 643+300 
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2.2 National Bridge Inventory (NBI) 

 

Bridge condition assessments using NBI were generally 

carried out on a scale of 0 to 9. The most typical 

assessment scores for operational bridges were between 4 

and 7. To conduct a bridge assessment using the SR 

method, Table 1 was referred to for the NBI items that 

would be components in the SR calculation. For example, 

the applicable NBI codes and associated definitions for 

deck, superstructure, and substructure condition 

assessments were given to provide an overview of how 

condition assessments were performed using the NBI data. 

The NBI assessment could be seen in Table 2, but for 

assessments such as structural evaluation, inventory 

rating, Approach roadway width, deck geometry, and 

traffic safety features, the table in FHWA, 1995 was used. 

[17] [18].  

Table 1. Condition rank NBI [18] 

Code Condition Description 

N Not Applicable Component does not exist. 

9 Excellent Isolated inherent defects. 

8 Very good Some inherent defects. 

7 Good Some minor defect. 

6 Satisfactory Widespread minor or isolated moderate defects. 

5 Fair Some moderate defects; strength and performance of the component are not affected. 

4 Poor 
Widespread moderate or isolated major defects; strength and/or performance of the component is 

affected. 

3 Serious 
Major defects; strength and/or performance of the component is seriously affected. Condition 

typically necessitates more frequent monitoring, load restrictions, and/or corrective actions. 

2 Critical 
Major defects; component is severely compromised. Condition typically necessitates frequent 

monitoring, significant load restrictions, and/or corrective actions in order to keep the bridge open. 

1 Imminent Failure 
Bridge is closed to traffic due to component condition. Repair or rehabilitation may return the 

bridge to service. 

0 Failed 
Bridge is closed due to component condition, and is beyond corrective action. Replacement is 

required to restore service. 

2.3 Sufficiency Rating (SR) 

 

Based on FHWA (1995) [17], bridge assessments to 

determine the value of bridge conditions were carried out 

by the National Bridge Inventory guidelines [18]. The 

viability of the bridge was assessed using the SR Method 

analysis for determining when it requires replacement or 

rehabilitation. The SR formula was a technique for 

assessing bridge data that involved multiplying and 

summing four different variables to produce a numerical 

value indicating the adequacy of the bridge to continue 

operating. A bridge with a rating of 100 was considered 

entirely adequate, whereas a bridge with a rating of 0 was 

considered fully inadequate or deficient. The factors used 

for the SR analysis were listed in Table 2. 

 

It was necessary to obtain an index of numbers on every 

bridge, and weighting factors were applied to many bridge 

metrics and qualities in a complex formula used to 

calculate SR. The general formula, as expressed in 

Equation 1. 

 

𝑆𝑅 = 𝑆1 + 𝑆2 + 𝑆3 − 𝑆4
                                               (1) 

 

 

Table 2. Value factor SR [17] 

Factor Maximum Consideration 

Structural 

adequacy and 

safety (S1) 

55% 

Superstructure 

Substructure 

Inventory rating 

Serviceability 

and functional 

obsolescence 

(S2) 

30% 

Lanes on structure 

Average daily traffic 

Approach roadway width 

Structure type 

Bridge roadway width 

Vertical clearance over deck 

Deck condition 

Structural evaluation 

Deck geometry 

Under clearance 

Approach roadway alignment 

Essentiality 

for public use 

(S3) 

15% 
Detour length 

Average daily traffic 

Special 

reductions 

(S4) 

13% 

Detour length 

Traffic safety features 

Structure type 

 

where S1 represented structural adequacy and safety, S2 

represented serviceability and functional obsolescence, S3 

was essential for general use, and S4 involved special 

reduction. To calculate the S2 value, a Rating Reduction 
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was required to assess the adequacy or condition of the 

bridge, with a maximum value of 13%. The Rating 

Reduction value was obtained from the deck condition, 

the structural evaluation, the deck geometry, the under 

clearance, the approach roadway alignment, and the traffic 

safety feature. 

 

(a) Deck condition 

Deck condition refers the state level for the entire deck. 

The concrete deck should be checked for cracking, 

flaking, spalling, softening, pitting, and partial or 

complete failure of thickness. 

 

(b) Structural evaluation 

The values of Average Daily Traffic (ADT) and Inventory 

Rating were compared using Table 3 to assess the 

structural evaluation. 

 

(c) Deck geometry 

In this section, the minimal vertical clearance over the 

bridge roadway was compared with functional 

categorization provided in Table 4. 

 

(d) Under clearance 

The minimum vertical under clearance was assessed by 

comparing it with the classification of under passing route 

using Table 5. If it was a river bridge, (N) was specified, 

indicating that extraction from this item was not 

continued. 

 

Table 3. Relationship between ADT and IR [17] 

Structural 

Evaluation 

Rating Code 

Inventory Rating 

Average Daily Traffic (ADT) 

0-500 501-5000 >5000 

9 >32.4 >32.4 >32.4 

8 32.4 32.4 32.4 

7 27.9 27.9 27.9 

6 20.7 22.5 24.3 

5 16.2 18.0 19.8 

4 10.8 12.6 16.2 

3 

Inventory rating less than value in rating 

code of 4 and requiring corrective 

action. 

2 
Inventory rating less than value in rating 

code of 4 and requiring replacement. 

1 and 0 
Bridge closed due to structural 

condition. 

 

Table 4. Relationship between minimum vertical clearance 

over bridge roadway and functional classification [17] 

Vertical 

Clearance 

Rating Code 

Minimum Vertical Clearance 

Functional Class 

Interstate 

and Other 

Freeway 

Other 

Principal 

and Minor 

Arterial 

Major and 

Minor 

Collectors and 

Locals 

9 >5.18 >5.02 >5.02 

8 5.18 5.02 5.02 

7 5.10 4.72 4.72 

6 5.02 4.41 4.41 

5 4.80 4.34 4.34 

4 4.57 4.26 4.26 

3 
Vertical clearance less than value in rating 

code of 4 and requiring corrective action. 

2 
Vertical clearance less than value in rating 

code of 4 and requiring replacement. 

1 and 0 Bridge closed. 

 

Table 5. Relationship between minimum vertical under 

clearance and functional classification of under passing route 

[17] 

Under 

clearance 

Rating Code 

Minimum Vertical Under clearance 

Functional Class 

Interstate 

and Other 

Freeway 

Other 

Principal and 

Minor 

Arterial 

Major and 

Minor 

Collectors 

and Locals 

9 >5.18 >5.02 >5.02 

8 5.18 5.02 5.02 

7 5.10 4.72 4.72 

6 5.02 4.41 4.41 

5 4.80 4.34 4.34 

4 4.57 4.26 4.26 

3 
Under clearance less than value in rating 

code of 4 and requiring corrective action. 

2 
Under clearance less than value in rating 

code of 4 and requiring replacement. 

1 and 0 Bridge closed. 

 

(e) Approach roadway alignment 

Approach Roadway Alignment detects bridges that fail to 

operate correctly or effectively as a result of issues with 

the positioning or adjustment of the approach roadways to 

the bridge. This may result in difficulties or limitations in 

the use or accessibility of the bridge (can be visually 

assessed) using Table 6. 
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Table 6. Rating approach roadway alignment [17] 

Approach roadway 

alignment 
Description 

9 
Superior to the current desired standard. (no intersections within 1 km of the bridge so no need for 

speed reduction). 

8 
In accordance with current desired criteria (there are no intersections within 1 km of the bridge so 

no need for speed reduction). 

7 Better than current minimum criteria (no speed reduction). 

6 Very small and almost imperceptible speed drop. 

5 
If the road can be driven safely and the posted speed is not lower than 20 km/h below the posted 

speed limit. 

4 
Steep gradients, sharp curves, speeds below the limit of more than 20 km/h, sharp curves with 

limited visibility. 

3 
Only if the horizontal or vertical curvature requires a significant reduction in vehicle speed from 

the speed on the highway section. 

2 
If the combined effect of horizontal and vertical alignment forms a dangerous situation (for 

example, a very steep hill combined with a sharp needle-like bend). 

1 and 0 Bridge closed. 

(f) Traffic Safety Feature 

The traffic safety feature was defined as a bridge 

inspection during which information about traffic safety 

features had to be recorded in order to evaluate safety 

using Table 7. 

 

Table 7. Traffic Safety feature value [17] 

Code Description 

0 

Checked features do not meet the as built 

drawing/design (safety features but none are 

provided. 

1 Checked features meet the as built drawing/design. 

N Not applicable or no security features required. 

 

After the SR analysis was conducted, handling 

recommendations based on the status of the bridge were 

displayed as shown in Table 8.  

 

Table 8. SR status and treatment categories [19] 

SR (%) Classification Treatment Category 

<50 Deficient Replacement 

50-80 Deficient Rehabilitation 

>80 Excellent None 

 

3. Results 

 
Sufficiency rating is obtained of structural adequacy and 

safety with a maximum value of 55%, serviceability and 

functional obsolescence with a maximum value of 30%, 

essentiality for public use with a maximum value of 15% 

maximum, and special reductions with a maximum value 

of 13%. Structural adequacy and safety consist of 

superstructure and substructure condition obtained from 

visual inspection with a rating value of 7 as seen in Table 

1, resulting in an A value of 0%; Inventory Rating (IR) is 

generated from the calculation of the Rating Factor (RF), 

which represents the bridge's capacity to carry loads 

producing moment and shear values [20]. The IR value 

obtained is 107.3, resulting in a B value of 0%. Based on 

these two values, the S1 value is 55%. This value equals 

the maximum value, indicating that the Structural 

Adequacy and Safety conditions are categorized as good.   

 

The serviceability and functional obsolescence 

assessment, it comprise several components: the deck 

condition value evaluated using Table 1; Structural 

Evaluation, by comparing ADT and IR values in Table 3; 

deck geometry, determined by comparing the minimum 

vertical clearance over the bridge roadway with the 

functional classification in Table 4; under clearance, by 

comparing the minimum vertical clearance over the bridge 

roadway with the functional classification; and Approach 

Roadway Alignment, assessed visually and rated 

according to Table 6. These parameters collectively 

resulted in an F value of 2%. The roadway width 

insufficiency assessment was calculating by comparing 

the bridge roadway width parameter with approach 

roadway width, resulting in a G value of 5%. Combining 

these parameters, the S2 value obtained was 23%. 

 

Furthermore, the assessment of essentiality for public use 

is obtained by comparing ADT and Detour Length, 

resulting in an A value of 2.3%. Subsequently, from this 

value, S3 is obtained as 12.7%. Special Reduction is 

calculated if the sum of S1, S2, and S3 exceeds 50%. 

Therefore, to determine the value of S4, consideration 

must be given to detour length reduction, structure type, 

and traffic safety features obtained from Table 7.  
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Table 9. SR calculation 

1. Structural Adequacy and Safety (55 maximum) 

a. Only the lowest rating code of item 59 and 60 applies 

Item 59 (Superstructure Condition) 

Item 60 (Substructure Condition) 

b. Reduction for Load Capacity 

B = (32.4 – IR)1.5 x 0.3254 

Item 66 (Inventory Rating) 

 

 

 

= 7 

= 5 

A = 10% 

= 86.7 

B = 0% 

S1 = 55 - (A + B) S1 = 45% 

2. Serviceability and Functional Obsolescence (30% maximum) 

a. Rating Reductions (13% maximum) 

 

Item 58 (Deck Condition) =  

 

Item 67 (Structural Evaluation) = 

 

Item 68 (Deck Geometry) = 

 

Item 69 (Underclearance) = 

 

Item 72 (Appr. Rd. Alignment) = 

 

F = A + B + C + D + E 

 

b. Width of Roadway Insufficiency (15% maksimum) 

𝑋 (𝐴𝐷𝑇/ 𝐿𝑎𝑛𝑒) =
𝐼𝑡𝑒𝑚 29 (𝐴𝐷𝑇)

𝐹𝑖𝑟𝑠𝑡 2 𝑑𝑖𝑔𝑖𝑡 𝑜𝑓 𝐼𝑡𝑒𝑚 28 (𝐿𝑎𝑛𝑒𝑠)

 

X = 4632 

𝑌 (𝑊𝑖𝑑𝑡ℎ/ 𝐿𝑎𝑛𝑒) =
𝐼𝑡𝑒𝑚 51 (𝐵𝑟𝑖𝑑𝑔𝑒 𝑅𝑑𝑤𝑦. 𝑊𝑖𝑑𝑡ℎ)

𝐹𝑖𝑟𝑠𝑡 2 𝑑𝑖𝑔𝑖𝑡 𝑜𝑓 𝐼𝑡𝑒𝑚 28 (𝐿𝑎𝑛𝑒𝑠)

 

Y = 6 

If Item 51 (Bridge Rdwy. Width) + 0.6 m < Item 32 (Approach Rdwy. Width) then G = 5% 

6.6 m < 7.8 

 

(1) Y > 5.5 

G + H (15% maximum) = 5% 

 

 

 

6 

A = 0% 

9 

B = 0% 

9 

C = 0% 

9 

D = 0% 

4 

E = 2% 

F = 2% 

 

 

 

 

 

 

 

 

 

 

 

G = 5% 

H = 0% 

S2 = 30 – [F + (G + H)] S2 = 23% 

3. Essentiality for Public Use (15% maximum) 

(1) 𝐾 =
𝑆1+𝑆2

85

 

K = 0.9176 

(2) A = 2.3% (Comparison of ADT and Detour) 

 

ADT = 4632 

Detour = 9.8 km 

 

 

S3 = 15 - A S3 = 12.7% 

S1 + S2 + S3 = 90.7% 

4. Special Reductions (Use only with S1 + S2 + S3 ≥ 50) (13% maximum) 

a. Item 19 Detour Length Reduction (maximum 5%) 

b. Item 43 Structure Type 

c. Item 36 Traffic Safety Features 

 

 

A = 5% 

B = 0% 

C = 1% 

S4 = A + B + C S4 = 6% 

S1 + S2 + S3 - S4 SR = 74.7% 
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Figure 2. Comparison between maximum and actual value of sufficiency rating   

 

The comparison between the maximum and actual values 

of the SR calculation is depicted in Figure 2. The results 

indicate that the S1 parameter shows a percentage 

difference of 10%. However, the S2 parameter exhibits a 

7% difference, signifying a decrease in the bridge's 

condition value. A greater difference value implies a 

worsening bridge condition, and vice versa. Additionally, 

the S3 parameter shows a decrease in value of 2.3%, while 

parameter S4, the reduction value, exhibits a difference of 

7%. This suggests an improvement in the bridge condition 

as the difference in value increases. The total actual value 

of the four parameters calculated based on the SR method 

is 74.7%, with a difference of 25.3% from the maximum 

value. According to Table 9, with an SR value of 74.7% > 

80%, the bridge can be classified as deficient, and further 

treatment is rehabilitation. 

 

4. Conclusions 

 

Based on the findings of the bridge feasibility assessment 

conducted using the SR method, it was concluded that this 

approach proved reliable for decision-making due to its 

accuracy in evaluating bridge conditions. Despite its 

complex analysis procedure, the method offered significant 

advantages by considering many important factors, thereby 

facilitating long-term monitoring of bridge conditions. 

Through its careful assessment process, the SR method 

provided a comprehensive understanding of the structural 

strength and performance of the bridges under 

examination. 

 

 

 

The SR method has limitations, including a high degree of 

subjectivity in assessing damage to superstructure and 

substructure elements. Additionally, detailed assessment of 

damaged elements is required, which can pose challenges 

in reaching damaged areas, such as those at height or in 

areas where highway closure is impractical. With an 

overall value of 74.7% > 80%, classifying the bridge as 

deficient and requires rehabilitation treatment, the SR 

method, encompassing structural adequacy and safety, 

serviceability, functional obsolescence, and essentiality for 

public use, demonstrates its efficacy. The findings of the 

study are expected to provide valuable insights for 

advancing the development of this method in Indonesia. By 

contributing to the improvement of bridge assessment 

practices, these findings have the potential to enhance the 

efficiency and accuracy of infrastructure evaluation 

processes.  
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