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Abstract 
 
The procurement process of imported goods is one of the important stages in the project completion at a 
construction company in Indonesia. The optimal imported goods procurement involves the transportation mode used 
and the cargo type carried. This research aims to design a decision model for the transportation mode selection 
according to the cargo type imported goods in the construction company. The Grey-DEMATEL method is used for 
the criteria selection to select transportation mode. Sequential Interactive Modelling for Urban Systems (SIMUS) 
method is used to design a model for transportation mode selection decisions. Results of this research shows that 
seven criteria were used to select the transportation mode, specifically transportation costs, on-time delivery, travel 
time, frequency of shipment, the capability of tracking cargo, goods quality during the transportation, and accidental 
rate. This research also shows an alternative transportation mode that is optimal to deliver imported goods. Air 
transportation using freight forwarder P is the best alternative to deliver general cargo and dangerous cargo. 
Oversize cargo delivery is more optimal using the sea transportation of freight forwarder P. 
  
Keywords 
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1. Introduction 
 
One of the construction companies in Indonesia provides fire, safety and security solutions for government, banks, 
industry and buildings. As a pioneer company in the security industry, they are often subject to penalty fee for 
delays in project completion. One of the factors that causes penalty fee for delays in project completion is the delay 
in the procurement of imported goods. The average delay in 2017 was 32 days with a penalty fee of 45 MIDR. In 
2018, the average delay in procurement of goods reached 36 days, which is the highest data for the last five years. 
The amount of the penalty fee in 2018 is 282 MIDR. In 2019, the amount of penalty fee was not as high as in 
previous years, namely 8.9 MIDR with an average delay of 29 days. The amount of penalty fee and average delay in 
2020 is almost the same as in 2017. The amount of the penalty fee is 48 MIDR with an average delay of 33 days. 
The amount of the penalty fee is in accordance with the agreed contract. 
 
Procurement is the activity of procurement of goods and services needed to support project completion (Dachyar 
and Sanjiwo, 2018). The procurement of imported goods issue has become an important concern of construction 
companies amid the increasing growth of construction companies and construction projects. The implementation of 
Supply Chain Management (SCM) plays a role in the material procurement process. SCM has a role to ensure the 
timeliness of material delivery, the amount of material according to the order, and does not exceed the budget 
(Cengiz et al., 2017). Logistics is part of SCM which has a function in selecting the transportation mode to deliver 
goods from manufacturing to consumers (Kumru and Kumru, 2013). The transportation is a major component that 
can affect service levels (Fulzele et al., 2019). 
 
The unavailability of goods in the local market causes the company to import goods. The procurement of 
imported goods takes into account the manufacture location and the production time. Therefore, company must 
ensure that the delivery of goods can run smoothly at the right cost, right time, right quantity, and in good condition. 
Selection of the appropriate transportation mode can fulfill the company's goals and customer needs. 
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Air and sea transportation are the transportation modes used to delivery imported goods. These two modes of 
transportation have their respective advantages. In general, the delivery of imported goods using air transportation is 
faster than sea transportation, but the cost of sea transportation is cheaper than air transportation. In addition, not all 
types of cargoes can be transported by air. Therefore, the transportation mode selection is carried out by considering 
the cargo type. The cargo type at this construction company is divided into three, namely general cargo, dangerous 
cargo, and oversize cargo. The delivery of the three types of cargo uses third party logistics (3PL), which is a freight 
forwarder that provides air and sea transportation to deliver imported goods. Therefore, this research aims to assist 
construction company in determining the transportation mode to be used to deliver imported goods according cargo 
type. 
 
1.1 Objectives  
 
This research proposes a model for transportation mode selection of imported goods in construction company by 
considering the cargo type. The transportation mode selection criteria are determined based on the prominence and 
the interdependence between the criteria using the Grey-DEMATEL method. Based on these criteria, the 
transportation mode selection model is designed using the SIMUS method. 
 
2. Literature Review  
 
2.1 Supply Chain Management  
 
Supply chain has an important role to increase effectiveness and efficiency in a company's business. According 
to Vorst (2004), supply chain is a stage of the process starting from decision making to implementation. It is also the 
flow of material, information, and money that occurs within each stage to meet consumer needs. All parties are 
involved in the supply chain. The involvement of all parties can occur directly, but it can also occur indirectly. The 
parties involved are suppliers, manufacturers, distributors, retailers, consumers and also transporters (Chopra and 
Meindl, 2016; Watson et al., 2013). 
 
Logistics is part of supply chain management. Logistics implementation will increase a company's supply chain 
value (Dachyar and Mahendra, 2019). Logistics includes activities in planning, implementing, and controlling 
resources such as goods, services, information, and their flow so that they can efficiently and effectively meet 
consumer needs (Dachyar and Novita, 2016). Kumru and Kumru (2013) states that logistics activities include 
logistics network design, transportation modes, material handling, order fulfillment, warehousing, demand/ supply 
planning, and third-party logistics service providers. 
 
2.2 Transportation Mode Selection  
 
Transportation is the activity of moving goods from one place to another using a vehicle. Fisher et al. (2015) stated 
that transportation is at the core of a supply chain strategy that produces time and place utility. According to Chopra 
and Meindl (2016), transportation is one of the SCM drivers that contribute greatly to the total supply chain costs. 
 
Several previous studies have discussed the transportation mode selection. Kumru and Kumru (2013) used the 
Analytic Hierarchy Process (AHP) method for selecting suitable transportation modes for logistics companies in 
Turkey. The purpose of choosing the transportation mode is to reduce costs and increase customer satisfaction. 
There are three alternative modes of transportation, namely railway, highway and combined. The best transportation 
mode produced is the railway and the railway-highway combination.  Kundu et al. (2015) conducted research on the 
transportation modes selection by performing linguistic ranking and criteria weights using interval type-2 fuzzy 
variables (IT2 FVs) and Fuzzy Multi Criteria Group Decision Making (FMCGDM). The result is that the railway 
mode is preferred over the highway mode. The same results were obtained in the research of Samanta and Jana 
(2017) using the IT2 FVs method, fuzzy goal programming, convex combination. Fulzele et al. (2019) have a 
research objective to select the best mode or combined mode based on various criteria for carrying packages from 
point of origin to destination. The method used is grey relational analysis based on intuition fuzzy multi criteria 
decision making process (GRA-IFP) and Fuzzy multi-objective linear programming (FMOLP). The research results 
show that roads are an economical mode, while sea and rail are the most environmentally friendly modes of 
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transportation. Stoilova (2019a) conducted research on urban transportation selection using the SIMUS method. As 
a result, the metro is the best urban transport chosen by considering nine criteria as a function of destination.    
 
2.3 Third Party Logistic  
 
3PL provides logistics outsourcing services for part or all of the supply chain management utility (Raut et al., 2017; 
Dachyar and Miranda, 2019). The delegation of authority to deliver goods to 3PL is part of the logistics and 
transportation functions (Khakdaman et al., 2020). Haldar et al. (2017) say that delegating the authority to deliver 
goods to 3PL can reduce overhead costs, reduce activities outside the company's business, and help companies focus 
on core competencies, thereby increasing delivery of goods and increasing customer satisfaction. Aguezzoul (2014) 
also states that logistics outsourcing provides benefits in reducing costs, increasing performance, focusing more on 
core competencies, and building virtual companies through strategic alliances. 
 
2.4 Grey-DEMATEL 
 
Grey systems theory has the main benefit in considering the vagueness of a condition compared to fuzzy set theory 
(Govindan et al., 2016). The transportation mode selection involves the opinion of experts in determining the 
transportation mode for the delivery of imported goods. Expert opinion allows ambiguous information, lack of 
information, differences of opinion, and information uncertainty. Table 1. shows the scale and linguistic variables 
which can be expressed in grey value intervals which are used to represent the opinions of experts on a decision 
making issue (Rajesh and Ravi, 2015). 
 

Table 1. Linguistic variables and grey values 
 

Scale  Linguistic Variable Grey Value 
0 No influence (N) [0, 0.1] 
1 Very low influence (VL) [0.1, 0.3] 
2 Low influence (L) [0.2, 0.5] 
3 Medium influence (M)  [0.4, 0.7] 
4 High influence (H) [0.6, 0.9] 
5 Very high influence (VH) [0.9, 1] 

 
Decision Making Evaluation and Laboratory (DEMATEL) is a method used to process the subjectivity of individual 
opinions on a complex problem (Tzeng and Huang, 2011). Individual perceptions that are subjective in nature are 
categorized as a causal relationship among the evaluated criteria (Govindan et al., 2016). Apart from considering 
the causal relationship between criteria, DEMATEL is also used to rank each of criteria according to the level of 
influence between the criteria. 
 
The integration of Grey-DEMATEL method overcomes the uncertainty of expert judgment, takes uncertainty into 
account, shows the relationship between criteria and ranks criteria based on their relationship. Criteria must have a 
strong causal relationship with other criteria. It will demonstrate the reliability of this method. 
  
2.5 SIMUS 
 
Sequential Interactive Modeling for Urban Systems (SIMUS) is a decision making method where the process is 
based on linear programming using two methods, namely the Weighed Sum Method (WSM) and outranking 
(Munier et al., 2019; Stoilova, 2019a; Stoilova, 2020). Based on Munier et al. (2019), SIMUS can provide solutions 
in decision making with various goals without being limited by the number of alternatives and criteria. SIMUS can 
model a wide variety of real-world situations. In addition, SIMUS does not use subjective expert judgment, the 
criteria used are quantitative criteria and allow qualitative criteria. 
 
3. Methods 
 
Transportation mode selection is carried out in two main stages, namely selecting the criteria for the transportation 
mode and selecting the mode of transportation. Transportation mode selection based on the criteria selected in the 
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first stage. Criteria selection for the transportation mode is carried out by Grey-DEMATEL method, then 
transportation mode selection is carried out by the SIMUS method. 
 
3.1 Criteria Selection 
 
Literature review related to 3PL criteria selection, 3PL selection, and transportation mode selection was carried out 
to identify criteria that have been used in previous research as a reference for determining criteria in this research. 
The selected criteria, namely Y1: transportation costs (Hwang et al., 2016; Govindan et al., 2016; Fulzele et al., 
2019), Y2: on-time delivery (Hwang et al., 2016; Govindan et al., 2016; Roy et al., 2019), Y3: travel time 
(Govindan et al., 2016; Samanta and Jana, 2017; Fulzele et al., 2019), Y4: the capability of tracking cargo (Hwang 
et al., 2016; Govindan et al., 2016; Neto et al., 2017), Y5: frequency of shipment (Stoilova, 2019a; Stoilova, 2019b; 
Stoilova, 2020), Y6: goods quality during the transportation (Kumru and Kumru, 2013; Samanta and Jana, 2017; 
Fulzele et al., 2019), Y7: accidental rate (Hwang et al., 2016; Samanta and Jana, 2017), and Y8: environmental 
friendliness (Kumru and Kumru, 2013; Fulzele et al., 2019; Roy et al., 2019).  
 
Grey-DEMATEL has been discussed previously in the research of (Govindan et al., 2016) and Rajesh and Ravi 
(2015). Based on the Grey-DEMATEL method, the steps for selecting the transportation mode criteria are as 
follows: 
1. Calculate the initial relation matrix 

At this stage, four experts from importing companies and international freight forwarder provide an evaluation 
of the influence criteria i on criteria j. Experts filled out questionnaires that were distributed to provide this 
evaluation. This evaluation is carried out by giving a score on an integer scale of “0”, “1”, “2”, “3”, “4”, and 
“5”. Scale show the influence on each of the criteria n, namely “0” represent no influence, “1” represent very 
low influence, “2” represent low influence, “3” represent medium influence, “4” represent high influence, and 
“5” represent very high influence. 

2. Calculate the grey relation matrix 
This step is carried out after obtaining the initial relation matrix. The integer scale in the initial relation matrix is 
converted to grey value according to Table 1. Grey value shows the upper bound value and lower bound value. 

,   (1) 
3. Calculate the grey relation matrix average  

Equation (2) is used to calculate the grey relation matrix average of the experts. The grey relation matrix 
average can be seen in Table 2. 
 (2) 

 
4. Calculating crisp values with the CFCS method (Converting Fuzzy data into Crisp Scores) 

The crisp value is calculated by the following equation: 
a. Normalization 

 
                                   (3) 

where             represents the lower bound value normalization of  
 

 (4)  
where            represents the upper bound value normalization of   

                                                                                                                                          
 (5) 

b. Calculate the total normalized crisp value 

 (6)  
 

c. Calculate the crisp value 

   (7) 

                (8) 
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5. Normalize the relation matrix 
Equation (9) and (10) are used to calculate relation matrix normalization. 

 (9) 

 (10) 
6. Calculate the total relation matrix 

The total relation matrix (T) is calculated using equation (11) with the results shown in Table 3. 
  , I is the identity matrix (11) 

 
Table 2. Grey relation matrix average 

 

 
 

Table 3. Total relation matrix 
 

 Y1 Y2 Y3 Y4 Y5 Y6 Y7 Y8 
Y1 0.531 0.721 0.701 0.399 0.523 0.382 0.279 0.205 
Y2 0.669 0.513 0.680 0.408 0.505 0.306 0.244 0.159 
Y3 0.646 0.664 0.463 0.358 0.452 0.301 0.218 0.137 
Y4 0.466 0.478 0.465 0.204 0.357 0.218 0.160 0.105 
Y5 0.568 0.599 0.575 0.322 0.313 0.238 0.186 0.122 
Y6 0.393 0.371 0.328 0.187 0.238 0.152 0.208 0.138 
Y7 0.319 0.342 0.319 0.187 0.242 0.284 0.108 0.114 
Y8 0.302 0.260 0.264 0.131 0.164 0.148 0.121 0.056 

 
7. Calculate the causal parameters 

r is the sum of the T matrix values in row i and c is the sum of the T matrix values in column j. The following 
equation is used to calculate r and c. 

 (12) 

 (13) 

 (14) 
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(ri + cj) indicates the importance of criteria i throughout the system. On the other hand, (ri - cj) shows the effect 
of criteria i throughout the system. (ri - cj) indicates a positive value which means that criteria i is included in 
the cause category. (ri - cj) indicates a negative value which means that criteria i is included in the effect 
category. The results of the causal parameter calculation can be seen in Table 4. 
 

Table 4. Causal parameter 
 

Criteria ri cj 
The prominence vector The relation vector 

ri + cj Rank ri – cj Category Rank 
Y1 3.743 3.892 7.635 1 -0.150 effect 3 
Y2 3.484 3.948 7.432 2 -0.464 effect 2 
Y3 3.238 3.796 7.033 3 -0.558 effect 1 
Y4 2.452 2.195 4.647 5 0.258 cause 3 
Y5 2.924 2.795 5.719 4 0.128 cause 4 
Y6 2.015 2.029 4.044 6 -0.014 effect 4 
Y7 1.916 1.525 3.441 7 0.391 cause 2 
Y8 1.445 1.036 2.481 8 0.409 cause 1 

 
8. Calculate the threshold value 

The value on the matrix T shows the causal relationship between the criteria. It is necessary to calculate the 
threshold value to determine the criteria that influence other criteria. A value on the matrix T that is greater than 
the threshold value indicates an interdependence between the criteria. Threshold value is determined by 
calculating the average of the elements in the matrix T, which is 0.332. 
 

3.2 Transportation Mode Selection 
 
At this stage, the transportation mode selection is carried out using three scenarios. The scenarios are differentiated 
based on the cargo type, namely general cargo, dangerous cargo, and oversize cargo. The three types of cargo can be 
sent using sea transportation and air transportation that has met the requirements in accordance with applicable 
regulations. It will be sent from the manufacturer to the construction company’s warehouse. Each scenario has the 
same criteria and alternative transportation mode. The criteria used are the criteria obtained in the previous stage. 
There are seven criteria out of eight criteria which have interdependence between criteria. The criteria that have 
interdependence between these criteria are used at this stage, including Y1: transportation costs, which is the 
delivery costs from the manufacturer to the construction company's warehouse (IDR); Y2: on-time delivery, is the 
level of on-time delivery of goods according to the promised delivery time (%); Y3: travel time, is the time required 
for delivery of goods from the manufacturer to the construction company’s warehouse (days); Y4: the capability of 
tracking cargo, which is the ease in tracking the status of the shipment (1, if the status of the shipment is easy to 
trace and 0, if the status of the shipment is difficult to trace); Y5: frequency of shipment, is the number of delivery 
schedules per month; Y6: goods quality during the transportation, indicated by the quality level of the shipment 
when it arrived at the destination (%); and Y7: accidental rate, is the rate of accidents that occur during the delivery 
of goods (%). Alternatives of transportation modes are provided by freight forwarder P and freight forwarder Q. 
 
The design of the transportation mode selection model is conducted using the SIMUS method. The SIMUS method 
steps are as follows (Stoilova, 2019a): 
 
 
1. Create a decision matrix by compiling criteria and alternatives 

The matrix consists of two parts. First, Left Hand Side (LHS) presents criterion values for alternatives. LHS is 
provided by experts working in freight forwarder P and freight forwarder Q (Table 5.). The criteria value is 
based on the cargo delivery from manufacturer in the United States to construction company in Indonesia with 
consideration of the cargo value and cargo type. Second, Right Hand Side (RHS) presents the boundaries for 
each criterion. The matrix also consists of optimizing the objective function in the form of maximization and/ or 
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minimization. If the objective function is maximum, the RHS value can be determined by the decision maker or 
determined based on the maximum value on the line. If the minimum objective function, the RHS value can 
also be determined by the decision maker or determined based on the minimum value on the line. 

 
Table 5. LHS data for three scenarios 

 

Criteria 
Scenario 1 - General Cargo 

1 2 3 4 
Y1 18,410,598 23,868,353 15,498,393 19,865,400 
Y2 0.9 0.8 0.9 0.95 
Y3 45 9 47 10 
Y5 6 30 4 12 
Y4 1 1 1 1 
Y6 1 0.9 0.95 0.95 
Y7 0 0.01 0.02 0.02 

Criteria 
Scenario 2 - Dangerous Cargo 

1 2 3 4 
Y1 19,025,944 34,078,745 11,559,993 34,416,122 
Y2 0.7 0.9 0.7 0.7 
Y3 46 8 35 13 
Y5 4 12 4 12 
Y4 1 1 1 1 
Y6 0.94 0.99 0.95 0.95 
Y7 0.02 0.01 0.01 0.01 

Criteria 
Scenario 3 - Oversize Cargo 

1 2 3 4 
Y1 30,250,814 77,117,435 30,616,817 216,055,412 
Y2 0.9 0.7 0.7 0.7 
Y3 46 10 47 10 
Y5 5 12 4 12 
Y4 1 1 1 1 
Y6 1 0.95 0.9 0.9 
Y7 0 0.01 0.05 0.05 

 
2. Determine the value of the decision matrix normalization 

Normalization is done by dividing the LHS value of each row element by the sum of that row. Table 6. shows 
the results of decision matrix normalization. This step is shown by calculations for general cargo. 

3. Determine the Efficient Results Matrix (ERM)  
ERM is a matrix built from the results of data processing using the SIMUS method, namely by using a linear 
programming simplex algorithm. Linear programming model is built as many criteria, so that in this research 
there are seven linear optimization models. The first linear optimization model uses the first criteria as an 
objective function and the other criteria as a model limitation. The second linear optimization model uses the 
second criterion as an objective function and the other criteria as the model limitation, and so on. The value of 
each ERM element is the value of each alternative obtained based on the results of each linear optimization 
model. Table 7. shows first criteria linear optimization model and the ERM can be seen in Table 8. 
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Table 6. Normalized LHS and RHS  
 

Scenario 1 - General Cargo Objective 
Function Operator RHS 

1 2 3 4 
0.24 0.31 0.20 0.26 MIN >= 0.20 
0.25 0.23 0.25 0.27 MAX <= 0.27 
0.41 0.08 0.42 0.09 MIN >= 0.08 
0.12 0.58 0.08 0.23 MAX <= 0.58 
0.25 0.25 0.25 0.25 MAX <= 0.25 
0.26 0.24 0.25 0.25 MAX <= 0.26 
0.00 0.20 0.40 0.40 MIN >= 0.00 

 
Table 7. Linear optimization model for the first criteria 

 
Objective Function 

min 0.24 X1 + 0.31 X2 + 0.20 X3 + 0.26 X4 
 

Limitations 
0.25 X1 + 0.23 X2 + 0.25 X3 + 0.27 X4 <= 0.27 
0.41 X1 + 0.08 X2 + 0.42 X3 + 0.09 X4 >= 0.08 
0.12 X1 + 0.58 X2 + 0.08 X3 + 0.23 X4 <= 0.58 
0.25 X1 + 0.25 X2 + 0.25 X3 + 0.25 X4 <= 0.25 
0.26 X1 + 0.24 X2 + 0.25 X3 + 0.25 X4 <= 0.26 
0.00 X1 + 0.20 X2 + 0.40 X3 + 0.40 X4 >= 0.00 

 
Table 8. Efficient Results Matrix (ERM) 

 

Criteria 
Scenario 1 - General Cargo Objective 

Function 1 2 3 4 
Y1 0.000000 0.000000 0.190476 0.000000 0.038095 
Y2 0.000000 0.000000 0.000000 1.000000 0.270000 
Y3 0.000000 0.645161 0.000000 0.000000 0.051613 
Y5 0.000000 1.000000 0.000000 0.000000 0.580000 
Y4 0.000000 0.987281 0.092210 0.000000 0.269873 
Y6 1.000000 0.000000 0.000000 0.000000 0.260000 
Y7 1.000000 0.000000 0.000000 0.000000 0.000000 

 
4. Rank alternatives using ERM 

Alternative rankings can be seen in Table 9. by using the following steps: 
a. ERM normalization.  
b. Determine the sum of column element values in each alternative (SC). 
c. Determine the number of participation factor in each alternative (PF). 
d. Determine the value of the normalization participation factor (NPF).  
e. Rank each alternative by calculating the multiplication of NPF with SC. Alternative rankings are made 

according to the order of the criteria. The maximum criteria value indicates the selected alternative. 
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Table 9. ERM alternative ranking 
 

Criteria 
Scenario 1 - General Cargo Scenario 2 - Dangerous Cargo Scenario 3 - Oversize Cargo 

1 2 3 4 1 2 3 4 1 2 3 4 
Y1 0 0 1 0 1 0 0 0 0 0 1 0 
Y2 0 0 0 1 0 1 0 0 1 0 0 0 
Y3 0 1 0 0 0 1 0 0 0 0 0 1 
Y5 0 1 0 0 0 1 0 0 0 0 0 1 
Y4 0 0.91 0.09 0 0.06 0 0 0.94 0 0 0.17 0.83 
Y6 1 0 0 0 0 1 0 0 1 0 0 0 
Y7 1 0 0 0 0 0 0.28 0.72 1 0 0 0 

SC 2 2.91 1.09 1 1.06 4 0.28 1.66 3 0 1.17 2.83 
PF 2 3 2 1 2 4 1 2 3 0 2 3 
NPF 0.29 0.43 0.29 0.14 0.29 0.57 0.14 0.29 0.43 0.00 0.29 0.43 
SC x 
NPF 0.57 1.25 0.31 0.14 0.30 2.29 0.04 0.47 1.29 0.00 0.33 1.21 

Ranking 2 1 3 4 3 1 4 2 1 4 3 2 
 

Table 10. PDM alternative ranking 
 

Scenario 1 - General Cargo 
Dominant 

alternatives  
(in rows) 

Subordinate alternatives  
(in columns) Sum of 

rows Net values Ranking 
1 2 3 4 

1   2 2 2 6 1 2 
2 2.91   2.83 2.91 8.65 4.65 1 
3 1.09 1   1.09 3.18 -2.65 3 
4 1 1 1   3 -3 4 

Sum of columns 5 4 5.83 6       
Scenario 2 - Dangerous Cargo 

1   1.06 1.06 1 3.12 -2.76 3 
2 4   4 4 12 9 1 
3 0.28 0.28     0.56 -5.87 4 
4 1.6 1.66 1.37   4.63 -0.37 2 

Sum of columns 5.88 3 6.43 5       
Scenario 3 - Oversize Cargo 

1   3 3 3 9 5 1 
2         0 -7 4 
3 1.17 1.17   1 3.34 -2.33 3 
4 2.83 2.83 2.67   8.33 4.33 2 

Sum of columns 4 7 5.67 4       
 

5. Rank alternatives using Project Dominance Matrix (PDM)  
PDM rows and columns indicate alternatives used in research. The value of PDM elements are obtained by 
calculating in sequence the difference in the highest value of elements in the same row on normalized ERM. 
The same way is done for all rows. After that, calculate the sum of elements in each row and column on the 
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PDM. Alternative ranking is done by subtracting the sum of rows by the sum of columns for each alternative. 
Alternative rankings are made according to the order of the criteria. The best alternative is obtained from the 
maximum criteria value. Alternative rankings can be seen in Table 10. 

 
4. Results and Discussion 
 
Grey-DEMATEL method in criteria selection is used to determine the criteria prominence and the interdependence 
between criteria in the transportation mode selection of imported goods. The values (ri + cj) indicate the ranking of 
criteria, namely Y1: transportation costs, Y2: on-time delivery, Y3: travel time, Y5: frequency of shipment, Y4: the 
capability of tracking cargo, Y6: goods quality during the transportation, Y7: accidental rate, and Y8: environmental 
friendliness. The causal relationship between the eight criteria can be determined through the threshold value. 
Comparison of threshold value and matrix T value shows that Y1, Y2, Y3, Y4, Y5, Y6, and Y7 have an 
interdependence between the criteria. Y8 has a matrix T value less than the threshold value, so Y8 does not have an 
interdependence between the criteria. Accidental rate (Y7), the capability of tracking cargo (Y4), and frequency of 
shipment (Y5) are criteria that influence other criteria in the transportation mode selection of imported goods based 
on value (ri – cj). Meanwhile, travel time (Y3), on-time delivery (Y2), transportation costs (Y1), and goods quality 
during the transportation (Y6) are criteria that are influenced by other criteria. 
 
Criteria that have a causal relationship are used in the transportation mode selection of imported goods. There are 
four alternatives transportation mode; alternative “1” is sea freight using freight forwarder P, alternative “2” is air 
freight using freight forwarder P, alternative “3” is sea freight using freight forwarder Q, and alternative “4” is air 
freight using freight forwarder Q. These criteria and alternatives are used in the three scenarios for transportation 
mode selection. The three scenarios show three types of cargo to be sent from the manufacturer in the United States 
to construction company in Indonesia. WSM and outranking are two procedures in the SIMUS method used in 
determining alternative rankings. 
 
Table 9. presents the ERM alternative ratings with the WSM procedure. Alternative “2” is the best alternative for 
scenario “1” with three criteria as the objective function, namely Y3, Y5, and Y4. The second rank in scenario “1” is 
alternative “1” by optimizing Y6 and Y7. The third rank in scenario “1” is alternative “3” by optimizing Y1 and Y4. 
The fourth rank in scenario “1” is alternative “4” by optimizing Y2. Shipment of imported goods in scenario “2” 
uses alternative “2” as the best alternative followed by alternative “4”. In scenario “2”, alternative “2” optimizes Y2, 
Y3, Y5, and Y6, while alternative “4” optimizes Y4 and Y7. The third rank in scenario “2” is alternative “1” by 
optimizing Y1 and Y4. The last alternative for scenario “2” is alternative “3” by optimizing Y7. In scenario “3”, the 
best alternative is alternative “1”. The alternative “1” has three participation factors, namely Y2, Y6, and Y7. 
Alternative “4” in scenario “3” is the second alternative proposed to send imported goods by optimizing Y3, Y5, and 
Y4. The third rank in the scenario “3” is alternative “3” by optimizing Y1 and Y4. The last rank in this scenario is 
the alternative “2”. In this alternative there are no criteria that can be optimized, so it is not suggested using this 
alternative. 
 
The results of alternative ranking using the outranking procedure can be seen in Table 10. Each scenario produces 
the same alternative ranking as the WSM procedure. Scenario “1”, alternative “2” is the best alternative. The second 
and third ranks in scenario “1” are alternative “1” and alternative “3”. The last alternative in scenario “1” is 
alternative “4”. Scenario “2”, namely alternative “2” as the first rank and alternative “4” as the second rank. The 
third rank in this scenario is alternative “1”, while the fourth rank is alternative “3”. Scenario “3” has alternative 
modes of transportation, namely alternative “1” as the best alternative, alternative “4” as the second rank, alternative 
“3” as the third rank, and the last rank is alternative “2”. 
 
5. Conclusion 
 
The transportation mode selection model is designed for the delivery of imported goods to construction companies. 
Transportation mode selection criteria are determined based on literature study and validated by experts using the 
Grey-DEMATEL method. The criteria used are based on the prominence and the interdependence between the 
criteria, namely transportation costs, on-time delivery, travel time, frequency of shipment, the capability of tracking 
cargo, goods quality during the transportation, and accidental rate. These seven criteria are used in transportation 
mode selection of imported goods with four alternatives. WSM and outranking procedures in the SIMUS method are 
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used to rank the transportation modes of imported goods in each scenario. Air freight using freight forwarder P is the 
best transportation mode to deliver general cargo. The mode of air transportation using freight forwarder P is also 
the best alternative to deliver dangerous cargo. Unlike general cargo and dangerous cargo, the best alternative mode 
of transportation used to deliver oversize cargo in this case is the sea transportation provided by freight forward P. 
This model can be used to select the mode of transportation of imported goods according to cargo type by updating 
the values for each criterion. 
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