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Abstract. PT Adaro Indonesia is trying to adjust a vertical clearance under Tabalong Bridge 1 

(unloaded) and Tabalong Bridge 2 (loaded) because the existing conditions still apply a 

minimum vertical clearance of 4 m. It should be in accordance with latest Regulation of the 

Minister of Public Works No. 19/PRT/M/2011 that for vertical clearance above national road at 

least 5.1 m. This specification has not been met by the national road under the Tabalong 1 & 2 

Bridges because both bridges were built in the 90s. Therefore we need an engineering 

technique to overcome this. There are 2 alternative designs, namely lowering the elevation of 

the national road and increasing the elevation of the bridge's upper structure to mitigate 

oversized vehicles so as not to hit the lower structure of the Tabalong bridge. In determining 

the selection of the best alternative designs in this research is based on two (2) things, non-

financial criteria with Analytical Hierarchy Process (AHP) and financial criteria with Life 

Cycle Cost Analysis (LCCA)/Benefit Cost Ratio (BCR) method. This study uses a survey 

method by distributing questionnaires and interviews as a means of collecting primary data. In 

addition, previous research and consultant DED documents were used as a means of collecting 

secondary data. The AHP method is used to process primary data to produce a decision from a 

non-financial aspect. While the LCC/BCR method is used to process secondary data to produce 

a decision from the financial aspect. The results of the AHP analysis obtained that the synthesis 

value of the decision the option of lowering national roads was 85% and the bridge lifting 

option was 15% and the consistency ratio (CR) was 0.05 < 0.1. The consistency ratio below 0.1 

shows that the questionnaire data from the respondents are consistent. The results of the 

analysis of Life Cycle Cost (LCC) obtained the option of lowering national roads where the 

LCC value is Rp. 44,877,651,669.27 more economical than the bridge lifting option. Then the 

results of the Benefit Cost Ratio (BCR) analysis obtained the option of lowering national roads 

with a BCR value of 2.33 > 1 and NPV = Rp. 43,442,264,804.34 > 1 means that the option 

lowering national roads is feasible. While the bridge lifting option is obtained by analyzing the 

value of BCR = 0.98 < 1 and NPV = - Rp. 1,435,386,864.92 < 1 means that the bridge lifting 

option is not feasible to implement. 

Keywords. AHP, economic analysis, energy supply, LCC, mechanical problem, oversized 

vehicles 
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1.  Introduction 

PT Adaro Indonesia has a hauling distance of ± 90 km which is located in Tabalong Regency and 

Balangan Regency, South Kalimantan Province. The hauling road is the lifeblood of the coal 

transportation route from the mine to the Kelanis port. One of the supporting infrastructure for hauling 

roads is a hauling bridge whose operation and maintenance is managed by PT Adaro Indonesia. 

When Tabalong 1 Bridge (unloaded) & Tabalong 2 Bridge (loaded) were built, Bina Marga 

regulations regarding free areas on national roads still required a minimum height of 4 m. Over time, 

this regulation was updated by requiring the free height of the area above the national road to be at 

least 5.1 m in accordance with the Regulation of the Minister of Public Works No. 19/PRT/M/2011 to 

accommodate oversized vehicles that are being used in Indonesia. This specification has not been met 

by the national road under the Tabalong Bridge 1 & 2 because both bridges were built in the 90s, so 

engineering is needed to overcome this. 

Several studies related to the selection of alternatives in construction projects. Apriyanto (2008) 

conducted a study on the comparison of road feasibility using concrete and asphalt structures in a case 

study of the Demak-Godong Highway. The model taken to make this decision uses the Analytical 

Hierarchy Process (AHP) method. From the results of the researcher's analysis, it was found that the 

use of the pavement structure on Jalan Raya Demak - Godong which uses a concrete pavement 

structure is appropriate, where the criteria are emphasized from technical and non-technical terms, 

namely: having weather resistance, having resistance to soil movements, have resistance to changes in 

traffic volume, and maintenance period. 

Ginna Vanipa Vanya (2020) conducted research related to the analysis of determining bridge 

foundations for ease of implementation in the field using the value engineering method in the case 

study of Sungai Temunih II Bridge, Kusan Hulu District, Tanah Bumbu Regency. The environmental 

condition where the bridge is planned is a location where the condition of the road that is passed to get 

to the work location is still a lot of steep incline, hilly and the road surface structure is still a dirt road 

that has not been paved. Where during the construction period of the project it was not possible to 

mobilize tools for bridge foundation work to the project site. In determining the bridge foundation to 

be chosen, there are 3 alternatives, namely: bore pile pile foundation, steel pipe pile foundation and 

well foundation. Based on the value engineering analysis of the 3 alternative foundations, the 

recommended foundation is the well foundation. 

Currently PT Adaro Indonesia is trying to adjust a vertical clearance under Tabalong Bridge 1 

(unloaded) and Tabalong Bridge 2 (loaded). There are 2 alternative designs, namely lowering the 

elevation of the national road and increasing the elevation of the bridge's upper structure. Efforts to get 

the height of this free area are very important to ensure the continuity of hauling road operations and 

ensure that the upper structure of the Tabalong Bridge is not hit by oversized vehicles passing through 

the national roads. From the two options in this study, an analysis will be carried out to determine the 

alternative design of the vertical clearance design of the Tabalong Bridge based on non-financial and 

financial criteria. Non-financial criteria using the AHP (Analytical Hierarchy Process) analysis method 

and financial criteria using Life Cycle Cost (LCC)/Benefit Cost Ratio (BCR). Then the results of the 

two alternatives will be compared to obtain appropriate, effective and efficient decision 

recommendations from the results of the AHP and LCC/BCR analysis. 

2.  Research Method 

There are several stages of analysis carried out in data processing in determining the alternative design 

for the vertical clearance of the Tabalong Bridge. The stages of analysis carried out in this study 

consisted of: 

2.1 Data Collection 

This study uses a survey method by conducting interviews and distributing questionnaire data as a 

means of collecting primary data. The number of respondents in this study were 35 people. The results 

of primary data collection with interviews resulted in two (2) alternative designs and criteria. The two 
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alternatives are the option of lowering the elevation of the national road and the option of increasing 

the elevation of the superstructure of the bridge. From the results of the interview data, non-financial 

criteria and financial criteria were also generated. 

2.2 AHP analysis 

From the two alternative designs, non-financial criteria analysis was carried out by distributing 

questionnaire data to produce the best alternative using the AHP (Analytical Hierarchy Process) 

method. There are five (5) non-financial criteria, namely ease of construction, disruption to hauling 

operations, risk of construction failure, length of time for construction activities, disturbance to the 

environment and society. The five non-financial criteria are needed for the decision-making process 

using the Analytical Hierarchy Process (AHP) method, namely: making a synthesis matrix, 

normalizing the matrix, weighting values, synthesizing decisions and testing the consistency of 

questionnaire data. 

2.3 AHP Analysis Results 

The best design alternative was obtained using the AHP (Analytical Hierarchy Process) method based 

on non-financial criteria. 

2.4 LCC/BCR Analysis 

From the two alternative designs, financial criteria analysis was also carried out by processing 

secondary data to produce the best alternative using the Life Cycle Cost (LCC)/Benefit Cost Ratio 

(BCR) method. Where the secondary data consists of consultant RAB, consultant DED, literature 

studies, previous research, bridge and road layouts. Each of the two alternative designs will be 

calculated as a whole Life Cycle Cost (LCC) by adding up the investment costs (design & 

construction), operational & maintenance costs, other costs and salvage costs. In addition, each of the 

two design alternatives will also calculate the Benefit Cost Ratio (BCR) to determine the feasibility of 

each design alternative. 

2.5 LCC/BCR Analysis Results 

The best design alternative was obtained using the Life Cycle Cost (LCC)/Benefit Cost Ratio (BCR) 

method based on financial criteria. 

2.6 Comparison and Recommendation Results 

Comparing the results of the analysis of the two alternatives to obtain appropriate, effective and 

efficient decision recommendations from the results of the AHP and LCC/BCR analysis. The steps in 

this research are shown in the research flow chart in Figure 1. 
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Figure 1. Research Flowchart 
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3.  Result and Discussion 

3.1 Data Collection 

The results of primary data collection by interviewing 35 respondents resulted in two (2) alternative 

designs and criteria. The two alternatives are the option of lowering the elevation of the national road 

and the option of increasing the elevation of the superstructure of the bridge. The two alternative 

designs were analyzed using non-financial criteria by distributing questionnaire data to produce the 

best alternative using the AHP (Analytical Hierarchy Process) method. Then from the two alternative 

designs, financial criteria analysis was also carried out by processing secondary data to produce the 

best alternative using the Life Cycle Cost (LCC)/Benefit Cost Ratio (BCR) method. 

3.2 Analysis Based on Non-Financial Criteria Using AHP Method 

3.2.1 Determination of Criteria 

In determining the criteria that will be used in determining alternative designs based on the results of 

interviews and then distributing questionnaire data where the results of distributing questionnaire data 

to respondents are used to determine the selection of the best alternative designs and weighting criteria 

based on non-financial criteria using AHP. The following are some non-financial criteria, namely: 

1. Ease of construction 

2. Disruption to hauling operations 

3. Risk of construction failure 

4. Length of time for construction activities 

5. Disruption to the environment and society 

3.2.2 Criteria Weighting Analysis 

The weight of the criteria shows the order of priority or influence on the results of the selection of 

design alternatives to be used. The determination of the priority scale assessment is carried out using a 

pairwise comparison matrix in qualitative form in the form of numbers indicating the rating scale (1-

9). This priority assessment is based on the assessment of the respondents who have been determined 

in the process of collecting and processing questionnaire data. From the results of the questionnaire 

data, the comparison results between pairs of 2 (two) elements of the 5 main criteria can be seen in 

Table 1. 

Table 1. Rating Scale Between 2 (two) Elements 

Criterion I Criterion II Intensity of 

Importance 

Explanation 

Ease of construction Length of time for 

construction activities 

3 Criterion I is slightly more important 

than criterion II 

Ease of construction Disruption to the 

environment and society 

5 Criterion I is very important 

compared to criterion II 

Disruption to hauling operations Ease of construction 3 Criterion I is slightly more 

important than criterion II 

Disruption to hauling operations Length of time for 

construction activities 

5 Criterion I is very important 

compared to criterion II 

Disruption to hauling operations Disruption to the 

environment and society 

7 Criterion I is clearly more 

important than criterion II 

Risk of construction failure Ease of construction 5 Criterion I is very important 

compared to criterion II 

Risk of construction failure Disruption to hauling 

operations 

3 Criterion I is slightly more 

important than criterion II 

Risk of construction failure Length of time for 

construction activities 

7 Criterion I is clearly more 

important than criterion II 

Risk of construction failure Disruption to the 

environment and society 

9 Criterion I is absolutely more 

important than criterion II 

Length of time for construction 

activities 

Disruption to the 

environment and society 

3 Criterion I is slightly more 

important than criterion II 
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The value of the rating scale in Table 1 above is processed by making an assessment synthesis 

matrix for each criterion as shown in Table 2 which forms a matrix of order 5 x 5 adjusting the number 

of criteria. Then from the assessment synthesis matrix in Table 2, normalization of the criteria matrix 

is carried out to obtain the weighting value of each criterion as shown in Table 3. 

The weighting value of each criterion is sorted by the highest weight value to the lowest weight 

value to show the most priority criteria as can be seen in Table 4. 

 

 

 

Table 2. Assessment Synthesis Matrix for Criteria 

Purpose Criteria 

Ease of 

construction 

Disruption 

to Hauling 

Operations 

Risk of 

Construction 

Failure 

Length of 

Time for 

Construction 

Activities 

Disruption to 

The 

Environment 

and Society 

C
ri

te
ri

a 

Ease of construction 1 0,33 0,20 3,00 5,00 

Disruption to Hauling 

Operations 

3,00 1 0,33 5,00 7,00 

Risk of Construction Failure 5,00 3,00 1 7,00 9,00 

Length of Time for 

Construction Activities 

0,33 0,20 0,14 1 3,00 

Disruption to The 

Environment and Society 

0,20 0,14 0,11 0,33 1 

∑ 9,53 4,68 1,79 16,33 25,00 

Table 3. Criteria Matrix Normalization 

        Purpose Criteria ∑ Average 

Rating 

(weight) 
Ease of 

constructi

on 

Disruption 

to Hauling 

Operations 

Risk of 

Construction 

Failure 

Length of 

Time for 

Construction 

Activities 

Disruption to 

The 

Environment 

and Society 

C
ri

te
ri

a 

Ease of 

construction 

0,10 0,07 0,11 0,18 0,20 0,67 13,44% 

Disruption to 

Hauling 

Operations 

0,31 0,21 0,19 0,31 0,28 1,30 26,02% 

Risk of 

Construction 

Failure 

0,52 0,64 0,56 0,43 0,36 2,51 50,28% 

Length of Time 

for Construction 

Activities 

0,03 0,04 0,08 0,06 0,12 0,34 6,78% 

Disruption to The 

Environment and 

Society 

0,02 0,03 0,06 0,02 0,04 0,17 3,48% 
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From Table 4 it can be explained as follows: 

1. The risk of construction failure is the first priority, because it will have an impact on the cessation 

of coal production and K3 (Occupational Health and Safety) issues. Especially for work at a height 

that has a fairly high risk of danger. 

2. Disruption to hauling operations becomes the second priority after the risk of construction failure, 

because there will be a slowdown in the speed of the coal transporting unit on the bridge as a result 

of opening and closing traffic on the Tabalong Bridge. 

3. Ease of construction becomes the third priority after the length of time construction activities and 

disturbances to the environment & society. Ease of construction, length of time for construction 

activities and disturbance to the environment & society are aspects of the criteria that are 

interrelated in the selection of alternative designs for the vertical clearance of the Tabalong Bridge. 

In the next stage of the two alternatives, namely the option of lowering the elevation of the national 

road (Alt A) and the option of increasing the elevation of the bridge's upper structure (Alt B), an 

alternative matrix and normalization of the alternative matrix will be carried out based on 

predetermined criteria including: 

1. Criteria for Ease of Construction 

a. Alternative Matrix 

It can be seen in Table 5 that the results of the questionnaire data for aspects of the criteria for 

ease of construction. A comparison of the 2 alternatives using a 2 x 2 order matrix where a 

rating scale of 5 was obtained from the questionnaire data. Then the total value scale for each 

alternative column will be 1.20 and 6.00, respectively. 

 

 

 

 

 

 

 

 

 

 

b. Matrix Normalization 

In Table 6, the alternative matrix normalization is carried out to obtain the weighting value of 

each alternative. In this case, the weight value of the alternative for lowering national roads is 

83.33% greater than the alternative for lifting bridges. 

 

 

 

 

Table 4.  Criteria Intensity Ranking 

Criteria Weight Important Intensity Ranking 

Risk of Construction Failure 50,28 % I 

Disruption to Hauling Operations 26,02 % II 

Ease of construction 13,44 % III 

Length of Time for Construction Activities 6,78 % IV 

Disruption to The Environment and Society 3,48 % V 

Table 5. Alternative Matrix 

Purpose Alternative 

A B 

A
lt

er
n
at

iv
e A 1 5,00 

B 0,20 1 

∑ 1,20 6,00 
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Table 6. Alternative Matrix Normalization 

Purpose Alternative ∑ Average 

Rating 

(weight) 
A B 

A
lt

er
n

at
iv

e A 0,83 0,83 1,67 83,33% 

B 0,17 0,17 0,33 16,67% 

2. Criteria for Disruption to Hauling Operations 

a. Alternative Matrix 

It can be seen in Table 7 that the results of the questionnaire data for aspects of the criteria for 

disruption to hauling operations. A comparison of the 2 alternatives using a 2 x 2 order matrix 

where a rating scale of 7 was obtained from the questionnaire data. Then the total value scale for 

each alternative column will be 1.14 and 8.00, respectively. 

 

 

 

 

 

 

 

 

 

b. Matrix Normalization 

In Table 8, the alternative matrix normalization is carried out to obtain the weighting value of 

each alternative. In this case, the weight value of the alternative for lowering national roads is 

87.50% greater than the alternative for lifting bridges. 

Table 8. Alternative Matrix Normalization 

Purpose Alternative ∑ Average 

Rating 

(weight) 
A B 

A
lt

er
n

at
iv

e A 0,88 0,88 1,75 87,50% 

B 0,13 0,13 0,25 12,50% 

3. Criteria for Risk of Construction Failure 

a. Alternative Matrix 

It can be seen in Table 9 that the results of the questionnaire data for aspects of the criteria for 

risk of construction failure. A comparison of the 2 alternatives using a 2 x 2 order matrix where 

a rating scale of 9 was obtained from the questionnaire data. Then the total value scale for each 

alternative column will be 1.11 and 10.00, respectively. 

 

 

Table 7. Alternative Matrix 

Purpose Alternative 

A B 

A
lt

er
n
at

iv
e A 1 7,00 

B 0,14 1 

∑ 1,14 8,00 
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Table 9. Alternative Matrix 

Purpose Alternative 

A B 
A

lt
er

n
at

iv
e A 1 9,00 

B 0,11 1 

∑ 1,11 10,00 

b. Matrix Normalization 

In Table 10, the alternative matrix normalization is carried out to obtain the weighting value of 

each alternative. In this case, the weight value of the alternative for lowering national roads is 

90.00% greater than the alternative for lifting bridges. 

Table 10. Alternative Matrix Normalization 

Purpose Alternative ∑ Average 

Rating 

(weight) 
A B 

A
lt

er
n
at

iv
e A 0,90 0,90 1,80 90,00% 

B 0,10 0,10 0,20 10,00% 

4. Criteria for Length of Time for Construction Activities 

a. Alternative Matrix 

It can be seen in Table 11 that the results of the questionnaire data for aspects of the criteria for 

length of time for construction activities. A comparison of the 2 alternatives using a 2 x 2 order 

matrix where a rating scale of 3 was obtained from the questionnaire data. Then the total value 

scale for each alternative column will be 1.33 and 4.00, respectively. 

Table 11. Alternative Matrix 

Purpose Alternative 

A B 

A
lt

er
n

at
iv

e A 1 3,00 

B 0,33 1 

∑ 1,33 4,00 

b. Matrix Normalization 

In Table 12, the alternative matrix normalization is carried out to obtain the weighting value of 

each alternative. In this case, the weight value of the alternative for lowering national roads is 

75.00% greater than the alternative for lifting bridges. 
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Table 12. Alternative Matrix Normalization 

Purpose Alternative ∑ Average 

Rating 

(weight) 
A B 

A
lt

er
n

at
iv

e A 0,75 0,75 1,50 75,00% 

B 0,25 0,25 0,50 25,00% 

5. Criteria for Disruption to The Environment and Society 

a. Alternative Matrix 

It can be seen in Table 13 that the results of the questionnaire data for aspects of the criteria for 

disruption to the environment and society. A comparison of the 2 alternatives using a 2 x 2 order 

matrix where a rating scale of 3 was obtained from the questionnaire data. Then the total value 

scale for each alternative column will be 4.00 and 1.33, respectively. 

Table 13. Alternative Matrix 

Purpose Alternative 

A B 

A
lt

er
n
at

iv
e A 1 0,33 

B 3,00 1 

∑ 4,00 1,33 

b. Matrix Normalization 

In Table 14, the alternative matrix normalization is carried out to obtain the weighting value of 

each alternative. In this case, the weight value of the alternative for lifting bridge is 75.00% 

greater than the alternative for lowering national roads. 

Table 14. Alternative Matrix Normalization 

Purpose Alternative ∑ Average 

Rating 

(weight) 
A B 

A
lt

er
n

at
iv

e A 0,25 0,25 0,50 25,00% 

B 0,75 0,75 1,50 75,00% 

3.2.3 Decision Synthesis 

From the result matrix data and the normalization of the criteria and alternative matrices that have 

been carried out in the explanation of the previous table, the resulting matrix of decision synthesis on 

the selection of design alternatives can be seen in Table 15.  
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The following is an explanation of the calculations to form a decision synthesis matrix in Table 15. 

1. Look for the sum of the multiplication matrices in lowering national road line with the formula. 

= (0,83 x 0,13) + (0,88 x 0,26) + (0,9 x 0,5) + (0,75 x 0,07) + (0,25 x 0,03)  

= 0,85 

2. Look for the sum of the multiplication matrices in lifting bridge line with the formula. 

= (0,17 x 0,13) + (0,13 x 0,26) + (0,1 x 0,5) + (0,25 x 0,07) + (0,75 x 0,03) 

= 0,15 

3.2.4 Data Consistency Index 

To calculate the Data Consistency Index, the value obtained from the average rating (weight) must be 

normalized to obtain the eigenvectors by adding up the weights of each column in the alternative 

matrix which has previously been multiplied by the average rating (weight) on each criterion. be the 

sum of the entries in each criterion. The results of these calculations are in Table 16. 

1. Find the value of the addition of the multiplication matrix in the row of criteria for ease of 

construction with a formula. 

= (1,00 x 0,13) + (0,33 x 0,26) + (0,20 x 0,50) + (3,00 x 0,07) + (5,00 x 0,03) 

= 0,70 

2. Find the value of the addition of the multiplication matrix in the row of criteria for disruption to 

hauling operations with a formula. 

= (3,00 x 0,13) + (1,00 x 0,26) + (0,33 x 0,50) + (5,00 x 0,07) + (7,00 x 0,03) 

= 1,41 

3. Find the value of the addition of the multiplication matrix in the row of criteria for risk of 

construction failure with a formula. 

= (5,00 x 0,13) + (3,00 x 0,26) + (1,00 x 0,50) + (7,00 x 0,07) + (9,00 x 0,03) 

= 2,74 

4. Find the value of the addition of the multiplication matrix in the row of criteria for length of time 

for construction activities with a formula. 

= (0,33 x 0,13) + (0,20 x 0,26) + (0,14 x 0,50) + (1,00 x 0,07) + (3,00 x 0,03) 

= 0,34 

5. Find the value of the addition of the multiplication matrix in the row of criteria for disruption to the 

environment and society with a formula. 

= (0,20 x 0,13) + (0,14 x 0,26) + (0,11 x 0,50) + (0,33 x 0,07) + (1,00 x 0,03) 

= 0,18 

 

 

 

Table 15. Decision Synthesis 

Purpose Criteria Addition 

Multiplication 

Matrix 

Alternative 

Ranking Ease of 

construction 

Disruption 

to Hauling 

Operations 

Risk of 

Construction 

Failure 

Length of 

Time for 

Construction 

Activities 

Disruption 

to The 

Environment 

and Society 

Average 

Criteria 

0,13 0,26 0,50 0,07 0,03 

A
lt

er
n

at
iv

e Lowering 

National 

Roads 

0,83 0,88 0,90 0,75 0,25 0,85 I 

Lifting 

Bridges 

0,17 0,13 0,10 0,25 0,75 0,15 II 
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From the results of Table 16, then the consistency ratio is determined from the data, the consistency 

index value is obtained from the results of the maximum eigenvalue minus the order matrix divided by 

the order matrix minus 1. Before getting the consistency index, it is necessary to find the maximum 

eigenvalue as shown in Table 17 by adding up all the multiplication of the criteria values with their 

eigenvectors. From the results of Table 17, the maximum eigen value is 5.24. This consistency index 

must be compared with a random index whose value has been determined by Saaty. For the order of 

the matrix 5 (according to the number of criteria) the random index is 1.11. 

Table 17. Maximum Eigen Value 

Purpose Number of Matrix 

Entries 

Average Rating 

(weight) 

Eigen Value (e) 

C
ri

te
ri

a
 

Ease of construction 0,70 0,13 5,20 
Disruption to Hauling 

Operations 
1,41 0,26 5,43 

Risk of Construction Failure 2,74 0,50 5,46 
Length of Time for 

Construction Activities 
0,34 0,07 5,03 

Disruption to The Environment 

and Society 
0,18 0,03 5,09 

Average (emax) 5,24 

Furthermore, the results of the acquisition of the average eigen values (emax) will be used as a 

calculation element to determine the consistency ratio. 

Consistency Index (CI) = ((emaks-n))/((n-1)) 

Consistency Index (CI)  = ((5,24-5))/((5-1)) 

Consistency Index (CI)  = 0,06 

Random Index (RI) = 1,11 

Table 16. Sum of Criteria Matrix Entries 

Purpose Criteria Average 

Rating 

(weight) 

Number 

of 

Matrix 

Entries 

Ease of 

construction 

Disruption 

to Hauling 

Operations 

Risk of 

Construction 

Failure 

Length of 

Time for 

Construction 

Activities 

Disruption 

to The 

Environment 

and Society 

C
ri

te
ri

a 

Ease of 

construction 

1,00 0,33 0,20 3,00 5,00 0,13 0,70 

Disruption 

to Hauling 

Operations 

3,00 1,00 0,33 5,00 7,00 0,26 1,41 

Risk of 

Construction 

Failure 

5,00 3,00 1,00 7,00 9,00 0,50 2,74 

Length of 

Time for 

Construction 

Activities 

0,33 0,20 0,14 1,00 3,00 0,07 0,34 

Disruption 

to The 

Environment 

and Society 

0,20 0,14 0,11 0,33 1,00 0,03 0,18 
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Then the results of the consistency ratio based on the consistency index and random index values 

above are as follows: 

Consistency Ratio (CR) = CI/RI 

Consistency Ratio (CR) = 0,06/1,11 

Consistency Ratio (CR) = 0,05  ˂ 0,1 (OK) 

From the results above, it was found that the consistency ratio was below 0.1 (10%), so in 

accordance with the standards set by Saaty, the results of distributing questionnaire data from the 

respondents were consistent, so the AHP calculation did not need to be repeated. 

3.3 Analysis Based on Financial Criteria Using Life Cycle Cost (LCC)/Benefit Cost Ratio (BCR) 

Method 

In this study, two (2) alternative designs were obtained from the interviews. Then from the two 

alternative designs, financial criteria analysis was carried out by processing secondary data to produce 

the best alternative using the Life Cycle Cost (LCC) / Benefit Cost Ratio (BCR) method. Table 18 

shows the data for LCC builders, namely: initial cost, operational & maintenance costs, additional 

costs and salvage value. Investment costs (initial costs) consist of planning/design costs and 

construction costs. 

Table 18. LCC Comparative Analysis of Lowering National Road and Lifting Bridge 

No Description Lowering National Road Lifting Bridge 

1 Initial Cost 25.208.329.668,53 48.619.636.851,77 

  0th year Planning Cost 203.365.768,53 392.234.231,47 

  0th year Construction Cost 25.004.963.900,00 48.227.402.620,30 

2 Operational & Maintenance 

Costs 

3.806.894.393,28 5.350.117.079,31 

  0th year O/M Cost 218.760.000,00 307.440.000,00 

  
  Year 1 to year 20 O/M Cost 3.588.134.393,28 5.042.677.079,31  
3 Additional Costs 3.639.378.200,00 23.562.500.000,00 

  0th year Land acquisition costs 3.639.378.200,00 Nothing 

  0th year Cost of lost 

production profit 

 Nothing  23.562.500.000,00  

 
Risk Cost Low  High  

4 Salvage Cost Nothing Nothing 

         LCC atau NPV Cost (Rp) 32.654.602.261,81 77.532.253.931,08 

 Deviation (Rp)    44.877.651.669,27 

For a comparative analysis of the LCC with the option of lowering the elevation of the national 

road and increasing the elevation of the bridge’s upper structure, it can be seen in Table 18 where the 

option of lowering the elevation of the national road is Rp. 44,877,651,669.27 more efficient than the 

option to increase the elevation of the bridge’s upper structure. 

Based on Figure 2 shows an illustration in the form of a graph of the difference between the cost of 

the LCC option for lowering national road of Rp. 32,654,602,261.81 and the cost of the LCC bridge 

lifting option is Rp. 77,532,253,931.08 obtained from the results of previous calculations. Where in 

the LCC cost graph also shows several components of the cost of compiling the LCC which consists of 

initial cost, operational & maintenance costs, additional costs and salvage value. 
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Figure 2. Graph of LCC Comparative Analysis of Lowering National Road and Lifting Bridge 

Another term for the LCC value is the NPV Cost value which is part of the calculation of the 

Benefit Cost Ratio (BCR) analysis of the two alternatives which can be seen in Table 20 and Table 21. 

The following is an example of an explanation of the calculation to form a Cash Flow Benefit Cost 

Ratio (BCR) with lowering national road, it can be seen in Table 19. The calculation assumes an 

increase in operating and maintenance costs (O/M Cost) every year by 3% (inflation), a useful life of 

20 years and an interest rate of 10%. 

1. Find P/F, i, n with the formula. 

P/F, i, n = [1/(1+i)]^N 

P/F, 10%, 0 = [1/(1+0,1)]^0 = 1 

P/F, 10%, 1 = [1/(1+0,1)]^1 = 0,91  

P/F, 10%, 2 = [1/(1+0,1)]^2 = 0,83 

The calculation of P/F, i, n is carried out in the same way, until the 20th year. 

2. Find the cost of operation and maintenance (O/M Cost) every year by considering a cost increase 

of 3% (inflation) with the formula. 

F = P [(1+i)]^N 

0th year O/M Cost = 218.760.000,00 x [(1+0,03)]^0 = 218.760.000,00 

1st year O/M Cost  = 218.760.000,00 x [(1+0,03)]^1 = 225.322.800,00  

2nd year O/M Cost = 218.760.000,00 x [(1+0,03)]^2 = 232.082.484,00 

The calculation of O/M costs is carried out in the same way, until the 20th year. 

3. Find the cost each year with the formula. 

Cost = Initial Cost + O/M Cost + Overhaul Cost + Land Acquisition Cost 

0th year Cost = 25.208.329.668,53 + 218.760.000,00 + 0 + 3.639.378.200,00 

= 29.066.467.868,53 

1st year Cost = 0 + 225.322.800,00 + 0 + 0 = 225.322.800,00 

2nd year Cost = 0 + 232.082.484,00 + 0 + 0 = 232.082.484,00 

3rd year Cost = 0 + 239.044.958,52 + 0 + 0 = 239.044.958,52 

4th year Cost = 0 + 246.216.307,28 + 0 + 0 = 246.216.307,28 

5th year Cost = 0 + 253.602.796,49 + 760.808.389,48  + 0 = 1.014.411.185,98 

The cost calculation is carried out in the same way every year, until the 20th year and for overhaul 

costs every 5 years it is assumed that the maintenance costs are 3x in the 5th, -10, -15 and -20 
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years. 

5th year Overhaul Cost = 3 x 5th year O/M Cost = 3 x  253.602.796,49 = 760.808.389,48  

4. Find the NPV Cost every year with the formula. 

NPV Cost = Cost x (P/F,i, n) 

0th year NPV Cost = 0th year Cost x (P/F,10%, 0) = 29.066.467.868,53 x 1 

= 29.066.467.868,53 

1st year NPV Cost = 1st year Cost x (P/F,10%, 1) = 225.322.800,00 x 0,91 

= 204.838.909,09 

2nd year NPV Cost = 2nd year Cost x (P/F,10%, 2) = 232.082.484,00 x 0,83 

= 191.803.705,79 

5. Find Total NPV Cost from year 0 to year 20 using the formula 

Ʃ NPV Cost = 0th year NPV Cost + 1st year NPV Cost...+ 20th year NPV Cost 

= 29.066.467.868,53 + 204.838.909,09... + 234.919.299,40  

= 32.654.602.261,81 

The calculation of NPV cost every year is carried out in the same way, until the 20th year. 

6. Looking for benefits from year 1 to year 20 by considering an increase in costs of 3% (inflation) 

with the formula. P value refers to Table 19. 

F = P [(1+i)]^N 

0th year Benefit = 0 

1st year Benefit = 7.281.667.620,86 x [(1+0,03)]^0 = 7.281.667.620,86 

2nd year Benefit = 7.281.667.620,86  x [(1+0,03)]^1 = 7.500.117.649,49 

3rd year Benefit = 7.281.667.620,86  x [(1+0,03)]^2 = 7.725.121.178,97 

The benefit calculation is carried out in the same way every year, until the 20th year. Year 1 

benefits of Rp. 7,281,667,620.86 is assumed to be equal to the cost of handling bridge damage 

due to being hit if the bridge clearance height adjustment project is not implemented. If the 

project is implemented, there will be no more costs for bridge damage so it is considered a 

benefit. 

Table 19. Components of Bridge Damage Due to Hit by High Vehicle Units Community 

 

Description Unit Volume  Unit Price Total Remark 

Consultant service 

incident assessment 

Ls 1 150.151.346 150.151.346,18   

Bridge structure repair 

(reinforcement) 

Ls 1 122.835.149 122.835.148,80   

Bridge portal repair Ls 1 30.416.323 30.416.322,56   

Sub Total = 303.402.817,54 for 1x Incident 

Total = 7.281.667.620,86 If it is assumed to 

occur 24 x 

Incidents/year 

 

7. Find the NPV Benefit every year with the formula. 

NPV Benefit = Benefit x (P/F,i, n) 

0th year NPV Benefit = 0th year Benefit x (P/F,10%, 0) = 0 x 1 = 0 

1st year NPV Benefit = 1st year Benefit x (P/F,10%, 1) = 7.281.667.620,86 x 0,91 

= 6.619.697.837,15 

2nd year NPV Benefit = 2nd year Benefit x (P/F,10%, 2) = 7.500.117.649,49 x 0,83 

= 6.198.444.338,42 

The calculation of NPV benefit every year is carried out in the same way, until the 20th year. 
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8. Find Total NPV Benefit from year 0 to year 20 with the formula. 

Ʃ NPV Benefit = 0th year NPV Benefit + 1st year NPV Benefit...+ 20th year NPV Benefit 

 = 0 + 6.619.697.837,15...+ 1.897.948.472,07 

 = 76.096.867.066,15 

9. Find Total NPV (Benefit – Cost) from year 0 to year 20 with the formula. 

Total NPV (Benefit – Cost) = Ʃ NPV Benefit – Ʃ NPV Cost 

 = 76.096.867.066,15 - 32.654.602.261,81 

 = 43.442.264.804,34 

10. Find the Benefit Cost Ratio (BCR) with the formula. 

BCR = (Ʃ NPV Benefits)/(Ʃ NPV Cost) 

= 76.096.867.066,15/32.654.602.261,81 

= 2,33   

11. Find the Internal Rate of Return (IRR) with the formula. 

IRR = i1 + i2 + NPV1/(NPV1- NPV2) 

If using the excel formula type = IRR (block on the results of Bi - Ci starting from the beginning 

of the year to year -20) then ENTER so that the IRR value is 15.09%. 

The results of the Benefit Cost Ratio (BCR) analysis obtained the option for lowering the 

elevation of national roads with a BCR value of 2.33 > 1 and NPV (benefit/cost) = Rp. 

43,442,264,804.34 > 1 means that the option or lowering the elevation of national roads is feasible. 

While the option for increasing the elevation of the bridge’s upper structure results in the analysis with 

the value of BCR = 0.98 < 1 and NPV (benefit/cost) = - Rp. 1,435,386,864.92 < 1 means that the 

option for increasing the elevation of the bridge’s upper structure is not feasible. The calculation 

assumes an increase in operating and maintenance costs (O/M Cost) every year by 3% (inflation), a 

useful life of 20 years and an interest rate of 10%.
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Table 20. Cash Flow BCR With Option for Lowering National Road 

Th

n 

(P/

F, 

i, 

N) 

Lowering National Road 

Initial Cost 

(a) 

O/M Cost 

(b) 

Overhaul 

Cost (c) 

Land 

Acquisition 

Cost (d) 

Cost 

(a+b+c+d) 

NPV Cost Benefit NPV Benefit Benefit - Cost NPV Benefit 

- Cost 

0 1 Rp      

25.208.329.6

68,53 

Rp           

218.760.00

0,00 

 
Rp        

3.639.378.20

0,00 

Rp      

29.066.467.8

68,53 

Rp      

29.066.467.8

68,53 

 
Rp                                 

- 

-Rp      

29.066.467.8

68,53 

-Rp      

29.066.467.8

68,53 

1 0,9

1 

 
Rp           

225.322.80

0,00 

  
Rp           

225.322.800,

00 

Rp           

204.838.909,

09 

Rp        

7.281.667.62

0,86 

Rp        

6.619.697.83

7,15 

Rp        

7.056.344.82

0,86 

Rp        

6.414.858.92

8,06 

2 0,8

3 

 
Rp           

232.082.48

4,00 

  
Rp           

232.082.484,

00 

Rp           

191.803.705,

79 

Rp        

7.500.117.64

9,49 

Rp        

6.198.444.33

8,42 

Rp        

7.268.035.16

5,49 

Rp        

6.006.640.63

2,64 

3 0,7

5 

 
Rp           

239.044.95

8,52 

  
Rp           

239.044.958,

52 

Rp           

179.598.015,

42 

Rp        

7.725.121.17

8,97 

Rp        

5.803.997.88

0,52 

Rp        

7.486.076.22

0,45 

Rp        

5.624.399.86

5,10 

4 0,6

8 

 
Rp           

246.216.30

7,28 

  
Rp           

246.216.307,

28 

Rp           

168.169.050,

80 

Rp        

7.956.874.81

4,34 

Rp        

5.434.652.56

0,85 

Rp        

7.710.658.50

7,07 

Rp        

5.266.483.51

0,05 

5 0,6

2 

 
Rp           

253.602.79

6,49 

Rp           

760.808.389,

48 

 
Rp        

1.014.411.18

5,98 

Rp           

629.869.535,

72 

Rp        

8.195.581.05

8,77 

Rp        

5.088.811.03

4,25 

Rp        

7.181.169.87

2,80 

Rp        

4.458.941.49

8,53 

6 0,5

6 

 
Rp           

261.210.88

0,39 

  
Rp           

261.210.880,

39 

Rp           

147.446.732,

23 

Rp        

8.441.448.49

0,54 

Rp        

4.764.977.60

4,80 

Rp        

8.180.237.61

0,15 

Rp        

4.617.530.87

2,57 

7 0,5

1 

 
Rp           

269.047.20

6,80 

  
Rp           

269.047.206,

80 

Rp           

138.063.758,

36 

Rp        

8.694.691.94

5,25 

Rp        

4.461.751.75

7,22 

Rp        

8.425.644.73

8,45 

Rp        

4.323.687.99

8,87 

 

(Next) 
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Table 20. Continue 

Th

n 

(P/

F, 

i, 

N) 

Lowering National Road 

Initial Cost 

(a) 

O/M Cost 

(b) 

Overhaul 

Cost (c) 

Land 

Acquisition 

Cost (d) 

Cost 

(a+b+c+d) 

NPV Cost Benefit NPV Benefit Benefit - Cost NPV Benefit 

- Cost 

8 0,4

7 

 Rp           

277.118.62

3,00 

  Rp           

277.118.623,

00 

Rp           

129.277.882,

83 

Rp        

8.955.532.70

3,61 

Rp        

4.177.822.09

9,94 

Rp        

8.678.414.08

0,61 

Rp        

4.048.544.21

7,12 

9 0,4

2 

 Rp           

285.432.18

1,69 

  Rp           

285.432.181,

69 

Rp           

121.051.108,

46 

Rp        

9.224.198.68

4,72 

Rp        

3.911.960.69

3,58 

Rp        

8.938.766.50

3,02 

Rp        

3.790.909.58

5,12 

10 0,3

9 

 Rp           

293.995.14

7,15 

Rp           

881.985.441,

44 

 Rp        

1.175.980.58

8,58 

Rp           

453.391.424,

43 

Rp        

9.500.924.64

5,26 

Rp        

3.663.017.74

0,36 

Rp        

8.324.944.05

6,68 

Rp        

3.209.626.31

5,93 

11 0,3

5 

 
Rp           

302.815.00

1,56 

  
Rp           

302.815.001,

56 

Rp           

106.134.810,

72 

Rp        

9.785.952.38

4,62 

Rp        

3.429.916.61

1,42 

Rp        

9.483.137.38

3,06 

Rp        

3.323.781.80

0,71 

12 0,3

2 

 
Rp           

311.899.45

1,61 

  
Rp           

311.899.451,

61 

Rp             

99.380.777,3

1 

Rp      

10.079.530.9

56,16 

Rp        

3.211.649.19

0,70 

Rp        

9.767.631.50

4,55 

Rp        

3.112.268.41

3,39 

13 0,2

9 

 
Rp           

321.256.43

5,15 

  
Rp           

321.256.435,

15 

Rp             

93.056.546,0

3 

Rp      

10.381.916.8

84,84 

Rp        

3.007.271.51

4,93 

Rp      

10.060.660.4

49,69 

Rp        

2.914.214.96

8,90 

14 0,2

6 

 
Rp           

330.894.12

8,21 

  
Rp           

330.894.128,

21 

Rp             

87.134.765,8

2 

Rp      

10.693.374.3

91,39 

Rp        

2.815.899.69

1,25 

Rp      

10.362.480.2

63,18 

Rp        

2.728.764.92

5,42 

15 0,2

4 

 
Rp           

340.820.95

2,06 

Rp        

1.022.462.85

6,17 

 
Rp        

1.363.283.80

8,22 

Rp           

326.359.304,

72 

Rp      

11.014.175.6

23,13 

Rp        

2.636.706.07

4,53 

Rp        

9.650.891.81

4,91 

Rp        

2.310.346.76

9,81 

16 0,2

2 

 
Rp           

351.045.58

0,62 

  
Rp           

351.045.580,

62 

Rp             

76.397.746,3

3 

Rp      

11.344.600.8

91,82 

Rp        

2.468.915.68

7,97 

Rp      

10.993.555.3

11,21 

Rp        

2.392.517.94

1,64 

 

(Next) 
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Table 20. Continue 

Th

n 

(P/

F, 

i, 

N) 

Lowering National Road 

Initial Cost 

(a) 

O/M Cost 

(b) 

Overhaul 

Cost (c) 

Land 

Acquisition 

Cost (d) 

Cost 

(a+b+c+d) 

NPV Cost Benefit NPV Benefit Benefit - Cost NPV Benefit 

- Cost 

17 0,2

0 

 Rp           

361.576.94

8,04 

  Rp           

361.576.948,

04 

Rp             

71.536.071,5

7 

Rp      

11.684.938.9

18,58 

Rp        

2.311.802.87

1,46 

Rp      

11.323.361.9

70,54 

Rp        

2.240.266.79

9,90 

18 0,1

8 

 Rp           

372.424.25

6,48 

  Rp           

372.424.256,

48 

Rp             

66.983.776,1

0 

Rp      

12.035.487.0

86,13 

Rp        

2.164.688.14

3,28 

Rp      

11.663.062.8

29,66 

Rp        

2.097.704.36

7,18 

19 0,1

6 

 Rp           

383.596.98

4,17 

  Rp           

383.596.984,

17 

Rp             

62.721.172,1

7 

Rp      

12.396.551.6

98,72 

Rp        

2.026.935.26

1,44 

Rp      

12.012.954.7

14,55 

Rp        

1.964.214.08

9,27 

 

20 0,1

5 

 Rp           

395.104.89

3,70 

Rp        

1.185.314.68

1,09 

 Rp        

1.580.419.57

4,79 

Rp           

234.919.299,

40 

Rp      

12.768.448.2

49,68 

Rp        

1.897.948.47

2,07 

Rp      

11.188.028.6

74,90 

Rp        

1.663.029.17

2,67 

          
 ∑ NPV Cost 

= 

Rp      

32.654.602.2

61,81 

∑ NPV 

Benefit = 

Rp      

76.096.867.0

66,15 

∑ NPV 

(Benefi - 

Cost) = 

Rp      

43.442.264.8

04,34 

            RATIO B/C 

= 
2,33 

            
IRR = 15,09% 
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Table 21. Cash Flow BCR With Option for Lifting Bridge 

Th

n 

(P/

F, 

i, 

N) 

Lifting Bridge 

Initial Cost 

(a) 

O/M Cost 

(b) 

Overhaul 

Cost (c) 

Cost of lost 

production 

profit (d) 

Cost 

(a+b+c+d) 

NPV Cost Benefit NPV Benefit Benefit - Cost NPV Benefit 

- Cost 

0 1 Rp      

48.619.636.8

51,77 

Rp           

307.440.00

0,00 

 
Rp      

23.562.500.0

00,00 

Rp      

72.489.576.8

51,77 

Rp      

72.489.576.8

51,77 

 
Rp                                 

- 

-Rp      

72.489.576.8

51,77 

-Rp     

72.489.576.8

51,77 

1 0,9

1 

 
Rp           

316.663.20

0,00 

  
Rp           

316.663.200,

00 

Rp           

287.875.636,

36 

Rp        

7.281.667.62

0,86 

Rp        

6.619.697.83

7,15 

Rp        

6.965.004.42

0,86 

Rp       

6.331.822.20

0,79 

2 0,8

3 

 
Rp           

326.163.09

6,00 

  
Rp           

326.163.096,

00 

Rp           

269.556.277,

69 

Rp        

7.500.117.64

9,49 

Rp        

6.198.444.33

8,42 

Rp        

7.173.954.55

3,49 

Rp       

5.928.888.06

0,74 

3 0,7

5 

 
Rp           

335.947.98

8,88 

  
Rp           

335.947.988,

88 

Rp           

252.402.696,

38 

Rp        

7.725.121.17

8,97 

Rp        

5.803.997.88

0,52 

Rp        

7.389.173.19

0,09 

Rp       

5.551.595.18

4,14 

4 0,6

8 

 Rp           

346.026.42

8,55 

  Rp           

346.026.428,

55 

Rp           

236.340.706,

61 

Rp        

7.956.874.81

4,34 

Rp        

5.434.652.56

0,85 

Rp        

7.610.848.38

5,80 

Rp       

5.198.311.85

4,24 

5 0,6

2 

 
Rp           

356.407.22

1,40 

Rp        

1.069.221.66

4,21 

 
Rp        

1.425.628.88

5,61 

Rp           

885.203.373,

85 

Rp        

8.195.581.05

8,77 

Rp        

5.088.811.03

4,25 

Rp        

6.769.952.17

3,16 

Rp       

4.203.607.66

0,41 

6 0,5

6 

 
Rp           

367.099.43

8,04 

  
Rp           

367.099.438,

04 

Rp           

207.218.062,

51 

Rp        

8.441.448.49

0,54 

Rp        

4.764.977.60

4,80 

Rp        

8.074.349.05

2,49 

Rp       

4.557.759.54

2,29 

7 0,5

1 

 
Rp           

378.112.42

1,19 

  
Rp           

378.112.421,

19 

Rp           

194.031.458,

54 

Rp        

8.694.691.94

5,25 

Rp        

4.461.751.75

7,22 

Rp        

8.316.579.52

4,07 

Rp       

4.267.720.29

8,69 

 

(Next) 
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Table 21. Continue 

 

Th

n 

(P/

F, 

i, 

N) 

Lifting Bridge 

Initial Cost 

(a) 

O/M Cost 

(b) 

Overhaul 

Cost (c) 

Cost of lost 

production 

profit (d) 

Cost 

(a+b+c+d) 

NPV Cost Benefit NPV Benefit Benefit - Cost NPV Benefit 

- Cost 

8 0,4

7 

 Rp           

389.455.79

3,82 

  Rp           

389.455.793,

82 

Rp           

181.684.002,

08 

Rp        

8.955.532.70

3,61 

Rp        

4.177.822.09

9,94 

Rp        

8.566.076.90

9,79 

Rp       

3.996.138.09

7,86 

9 0,4

2 

 Rp           

401.139.46

7,64 

  Rp           

401.139.467,

64 

Rp           

170.122.292,

86 

Rp        

9.224.198.68

4,72 

Rp        

3.911.960.69

3,58 

Rp        

8.823.059.21

7,08 

Rp       

3.741.838.40

0,72 

10 0,3

9 

 
Rp           

413.173.65

1,67 

Rp        

1.239.520.95

5,00 

 
Rp        

1.652.694.60

6,66 

Rp           

637.185.315,

08 

Rp        

9.500.924.64

5,26 

Rp        

3.663.017.74

0,36 

Rp        

7.848.230.03

8,60 

Rp       

3.025.832.42

5,28 

11 0,3

5 

 
Rp           

425.568.86

1,22 

  
Rp           

425.568.861,

22 

Rp           

149.159.289,

67 

Rp        

9.785.952.38

4,62 

Rp        

3.429.916.61

1,42 

Rp        

9.360.383.52

3,40 

Rp       

3.280.757.32

1,76 

12 0,3

2 

 
Rp           

438.335.92

7,05 

  
Rp           

438.335.927,

05 

Rp           

139.667.334,

87 

Rp      

10.079.530.9

56,16 

Rp        

3.211.649.19

0,70 

Rp        

9.641.195.02

9,11 

Rp       

3.071.981.85

5,83 

13 0,2

9 

 
Rp           

451.486.00

4,86 

  
Rp           

451.486.004,

86 

Rp           

130.779.413,

56 

Rp      

10.381.916.8

84,84 

Rp        

3.007.271.51

4,93 

Rp        

9.930.430.87

9,98 

Rp       

2.876.492.10

1,37 

14 0,2

6 

 Rp           

465.030.58

5,01 

  Rp           

465.030.585,

01 

Rp           

122.457.087,

24 

Rp      

10.693.374.3

91,39 

Rp        

2.815.899.69

1,25 

Rp      

10.228.343.8

06,38 

Rp       

2.693.442.60

4,01 

15 0,2

4 

 
Rp           

478.981.50

2,56 

Rp        

1.436.944.50

7,68 

 
Rp        

1.915.926.01

0,24 

Rp           

458.657.454,

03 

Rp      

11.014.175.6

23,13 

Rp        

2.636.706.07

4,53 

Rp        

9.098.249.61

2,89 

Rp       

2.178.048.62

0,50 

16 0,2

2 

 
Rp           

493.350.94

7,64 

  
Rp           

493.350.947,

64 

Rp           

107.367.540,

38 

Rp      

11.344.600.8

91,82 

Rp        

2.468.915.68

7,97 

Rp      

10.851.249.9

44,19 

Rp       

2.361.548.14

7,60 

(Next) 
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Table 21. Continue 

Th

n 

(P/

F, 

i, 

N) 

Lifting Bridge 

Initial Cost 

(a) 

O/M Cost 

(b) 

Overhaul 

Cost (c) 

Cost of lost 

production 

profit (d) 

Cost 

(a+b+c+d) 

NPV Cost Benefit NPV Benefit Benefit - Cost NPV Benefit 

- Cost 

17 0,2

0 

 Rp           

508.151.47

6,07 

  Rp           

508.151.476,

07 

Rp           

100.535.060,

53 

Rp      

11.684.938.9

18,58 

Rp        

2.311.802.87

1,46 

Rp      

11.176.787.4

42,51 

Rp       

2.211.267.81

0,93 

18 0,1

8 

 Rp           

523.396.02

0,35 

  Rp           

523.396.020,

35 

Rp             

94.137.374,8

6 

Rp      

12.035.487.0

86,13 

Rp        

2.164.688.14

3,28 

Rp      

11.512.091.0

65,79 

Rp       

2.070.550.76

8,42 

19 0,1

6 

 
Rp           

539.097.90

0,96 

  
Rp           

539.097.900,

96 

Rp             

88.146.814,6

4 

Rp      

12.396.551.6

98,72 

Rp        

2.026.935.26

1,44 

Rp      

11.857.453.7

97,76 

Rp       

1.938.788.44

6,79 

20 0,1

5 

 
Rp           

555.270.83

7,99 

Rp        

1.665.812.51

3,96 

 
Rp        

2.221.083.35

1,95 

Rp           

330.149.887,

58 

Rp      

12.768.448.2

49,68 

Rp        

1.897.948.47

2,07 

Rp      

10.547.364.8

97,73 

Rp       

1.567.798.58

4,49   
        

∑ NPV Cost 

= 

Rp      

77.532.253.9

31,08 

∑ NPV 

Benefit = 

Rp      

76.096.867.0

66,15 

∑ NPV 

(Benefi - 

Cost) = 

-Rp       

1.435.386.86

4,92   
        RATIO B/C 

= 
0,98 

  
        

IRR = -0,24% 
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3.4 Determination of Alternative Design for Vertical Clearance Under Tabalong Bridge 

The results of the AHP analysis show that the option chosen is the option of lowering the elevation of 

the national road rather than the option of increasing the elevation of the bridge’s upper structure. 

Likewise with the results of the LCC/BCR analysis, the option chosen is the option of lowering the 

elevation of the national road rather than the option of increasing the elevation of the bridge’s upper 

structure as shown in Table 22. The two analyzes mutually reinforce each other in making alternative 

selection decisions so that the option of lowering the elevation of the national road is the most 

appropriate alternative. precise, effective and efficient. 

Table 22. Results of Determination of Design Alternatives 

Purpose Analysis Method 

Non Financial 

(AHP) 

Financial 

(LCC/BCR) 

A
lt

er
n

at
iv

e Lowering National 

Road 

Ok Ok 

Lifting Bridge Not Ok Not Ok 

4. Conclusion 

From the results of research that has been done there are several things that can be concluded: 

1. Based on the results of the Analytical Hierarchy Process (AHP) analysis for non-financial criteria, 

it was found that the determination of the best alternative design for the vertical clearance of the 

Tabalong Bridge is with option for lowering the elevation of the national road in terms of ease of 

construction, disruption to hauling operations, risk of construction failure, length of time for 

construction activities and disruption to the environment & society. The results of this analysis are 

shown by the synthesis value of the option for lowering the elevation of national roads by 85% and 

the option for increasing the elevation of the bridge’s upper structure by 15% and the consistency 

ratio (CR) of 0.05 < 0.1. The consistency ratio below 0.1 indicates that the data from interviews 

and questionnaires from the respondents are consistent, so the AHP calculation does not need to be 

repeated. The option of increasing the elevation of the bridge’s upper structure is technically 

difficult because the free space for the placement of piles between the Tabalong 1 Bridge 

(unloaded) and the Tabalong 2 Bridge (loaded) is very narrow and the stability of the 

superstructure of the bridge when it is above the hydraulic jack and must be lifted as high as ± 1.1 

m. 

2. Based on the analysis of Life Cycle Cost (LCC) and Benefit Cost Ratio (BCR) for financial 

criteria, it was found that the determination of the best alternative design for vertical clearance of 

the Tabalong Bridge is to perform the option for lowering the elevation of the national road where 

the LCC value is Rp. 44,877,651,669.27 more efficient than the option for increasing the elevation 

of the bridge’s upper structure. Then the results of the Benefit Cost Ratio (BCR) analysis obtained 

the option for lowering the elevation of national roads with a BCR value of 2.33 > 1 and NPV 

(benefit/cost) = Rp. 43,442,264,804.34 > 1 means that the option for lowering the elevation of 

national roads is feasible. While the bridge lifting option is obtained from the analysis of the value 

of BCR = 0.98 < 1 and NPV (benefit/cost) = - Rp. 1,435,386,864.92 < 1 means that the option for 

increasing the elevation of the bridge’s upper structure is not feasible. 

3. From the two analysis results above, both AHP and LCC/BCC obtained the same alternative 

decision results and strengthens the justification in making decisions where the option for lowering 

the elevation of national roads is the most appropriate, effective and efficient alternative. From the 

results of interviews with related parties, the option for lowering the elevation of national roads has 

obtained permission from the road hall and can be implemented. 
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