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THE ROLE OF CARGO TRANSSHIPMENT IN 
THE RELATIONSHIP BETWEEN ROUTING AND 

ADDED VALUE

ABSTRACT

The aim of this article was to verify the impact of cargo transshipment on the relationship 
between routing and value addition of companies specialized in the road transport of long steels for 
civil construction. Cargo transshipment is a process of loading and unloading, fractional of products, 
that consumes time, causes disruption to the industrial activities, commercial and mainly, generates 
costs inadequately. Considering this context, a research of an exploratory nature of the quantitative 
type was carried out, in which a sample of 74 transport companies, linked to the steel and 
independent mills, were used. The collected data, treated by modeling in structural equations using 
the Partial Least Squares – Path Modeling (PLS-PM), revealed that the transshipment, partially, 
mediates the relationship between routing and value addition. From this result, it was evidenced that 
transport managers still need to evolve in the processes of cargo transshipments, through managerial 
training and elaboration of solutions, involving loading and unloading of products, which are vital for 
the addition of logistic value to the construction industry.
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RESUMO

O objetivo deste artigo foi o de verificar o impacto do transbordo de cargas na relação entre ro-
teirização e adição de valor, em empresas rodoviárias de transportes de aços longos para a construção civil. 
O transbordo de cargas é um processo de carregamento e descarregamento, fracionado de produtos, que 
consome tempo, causa transtorno às atividades industriais, comerciais e, principalmente, gera custos ina-
dequadamente. Diante desse contexto, realizou-se uma pesquisa de natureza exploratória do tipo quantita-
tivo, em que se utilizou uma amostra de 74 empresas transportadoras, vinculadas às usinas siderúrgicas e 
independentes. Os dados coletados, tratados pela modelagem em equações estruturais a técnica da Partial 
Least Squares – Path Modeling (PLS-PM), revelaram que o transbordo medeia, parcialmente, a relação entre 
roteirização e adição de valor. Diante do resultado obtido, evidenciou-se que os gestores de transportes ainda 
precisam evoluir nos processos de transbordos de cargas, por meio de capacitação gerencial e elaboração 
de soluções, que envolvam os carregamentos e descarregamentos de cargas, que são vitais para a adição de 
valor logístico para o ramo da construção civil.

Palavras-chave: Roteirização; Carregamento; Descarregamento; Transbordo; Adição de valor logístico.

1 INTRODUCTION

Every day, issues related to Brazilian logistics are discussed and commented on print, 
audiovisual, and sound media. For instance: “we’ve lost a day just to make the transshipment 
between one road network and another, and highways transport is neither a better option” (ZAP-
AROLLI, 2014); “agents found that a truck and a semi-trailer, both from the state of Minas Gerais, 
were transporting steel bars, corresponding to one third of the load, in addition to bales of cloth-
ing [layettes and others] and candy boxes” (G1, 2014).

These examples suggest that the Brazilian logistics, in order to meet those which are the 
best in the world, has enormous challenges, which does not focus only on lack of infrastructure, 
but on management. According to Ballou (2006), even if cargos have the same origin and desti-
nation points and a single modal, it does not mean that the necessary course will be completed 
exactly in the same time. Conditions of time, traffic congestion, number of scales, and difference 
in the time required for the freight consolidating may cause delays. Variability of the trip time is 
a measure of the uncertainty on the performance of the shipper.

Another aspect that reflects on the shipping time is the interface between the vehicle 
and the destination place, since in the loading and unloading operations, at the terminals, is 
where most frequently breaking and damaging of transported products occur. In addition, some 
products require specific locations and equipment to be loaded and unloaded. For example, in 
long steel unloading process in the city of São Paulo, SP, such must be carried out in the construc-
tion sites. If the material is manually created, we must first remove the beams, since the weight 
of the steel does not allow the movement of many bars at the same time (GIRIBOLA, 2013). To 
add value, depending on the product, Alvarenga and Novaes (2002) argue that in addition to 
providing proper equipment, both in transport as in the loading and unloading processes, there 
must be an efficient routing process, especially when there are deliver of products, split into 
small amounts and intended for multiple clients.

Considering routing is an important tool for efficiency in transport, and times for loading, 
unloading, and cargo transshipments have great significance in the use of the vehicle, we aim to an-
swer the following question: “Does cargo transshipment mediate the relationship between routing 
and logistic added value?” Our objective was to verify the impact of loading, unloading, and cargo 
transshipments on added value, in highway companies of long steel transports for construction.
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By “transshipment operation,” we mean a direct transfer process of merchandise from 
a modal to another; by “loading and unloading operations,” the immobilization process of the 
modal, due to the time strictly necessary for loading or unloading of goods. Both logistic opera-
tions were generally named as transshipments, in order to make its understanding easier, since 
they have similar process cycles.

Our study is organized in five parts, in addition to this introduction. In the second part 
we present a literature review; in the third, the used methodology; in the fourth part, the anal-
yses of data and results. Finally, in the fifth part we present the conclusions and suggestions for 
further research.

2 LITERATURE REVIEW AND HYPOTHESES

In order to implement the problem and the goal of our research, we developed the 
theoretical and empirical model shown in Figure 1.

Figure 1. Theoretical and empirical model of the research
 

Cargo 
transshipment 

H3 H2 

H1 
Added 
value 

Routing 
(a’) 

Added 
value Routing 

(a) 

a = is the impact of routing on added value. 
a’ = is the impact of routing on added value  
after the effect of cargo transshipment. 

Source: Adapted from Baron and Kenny (1986) and Iacobucci, Saldanha and Deng (2007).

As we can observe in Figure 1, added value (dependent variable) can be predicted in two 
ways. The first establishes a direct relationship with routing (independent variable). The second 
presupposes that cargo transshipment (mediator variable), through routing, affects the added val-
ue. In this case, cargo transshipment mediates the relationship between routing and added value.

Statistically, a mediator variable is that which, when part of the phenomenon under 
study, decreases the magnitude of the relationship between an independent variable and a de-
pendent variable (BARON; KENNY, 1986). In Figure 1 such are represented by the letters (a’) and 
(a). To verify the magnitude between (a’) and (a), and typify the mediation as “partial,” “total,” or 
“no mediation,” we used the Variance Accounted For test (VAF) (HAIR et al., 2014). 

The theoretical support and the hypotheses to statistically test the theoretical and em-
pirical model are detailed next.

2 DIRECT EFFECT
 
 2.1.1 Influence of routing in added value

Routing or vehicle routing problem, studied for the first time by Dantzig and Rams-
er (1959), was defined from the generalization of the traveling salesman problem, which was 
concerned with making the shortest route to visit each client, once in each round. Clarke and 
Wright (1964) deepened the study on vehicle routing problem, proposing algorithms of the sav-
ings method in order to minimize the amount and total distance travelled by all vehicles involved 
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in the route, whose logic, according to Ballou (2006), consisted in starting with a fictional vehicle 
serving each stop and coming back to the warehouse, considered the most expensive scenario. 

Another algorithm aimed at solving the routing problem is the scanning method, which 
consists in defining the route from the dispatching point, creating ratios of performance for each 
route. Ballou (2006) considers the scanning method less accurate than the “savings” method, 
though its application is easier. For Drexl (2012), the use of a routing process, besides the impor-
tance for companies to reduce costs, also have a macroeconomic impact on the efficient use of 
highway infrastructure and reduction of emission of gases harmful to the environment, making 
the whole process to commit to sustainability, reducing its harmful effects to society.

Vehicle routing problem was and remains being much studied. Authors, such as Cunha 
(2000), Garg and Prakash (1985), Popovic and Habjan (2012), and Yu, Yang and Xie (2011), devel-
oped algorithms for solving routing problems with added value by using GPS (Global Positioning 
System), which provides information about the location of vehicles for customers. Routing can 
also be deemed as an integral part of logistics, defined as

part of the supply chain management, which efficiently plans, implements, and controls 
the direct and reverse flow, and storage of products, as well as related services and 
information, from the point of origin to the point of consumption, in order to meet 
consumers’ needs (CSCMP, 2015, s.p., free translation).

As for Ballou (2006), the supply chain management comprises activities related to logis-
tics, purchasing, marketing, and production management. In this sense, the management of busi-
ness logistics is commonly called “supply chain management.” In addition, terms such as “value 
network,” “value chain,” and “lean logistics” are also used to describe similar scope and goals. 
According to Porter (1985), logistics is an important element of a value chain, a primary activity, 
being subdivided into internal and external logistics. Based on the way companies perform logis-
tical activities, they can be differentiate by adding value to their clients (CHRISTOPHER, 2013), as:  
place and value (BALLOU, 2006). In addition to both values, Novaes (2007) completed with added 
quality and information. Thus:

H1: Routing impacts on added value.

2.2 Indirect effect
 
 2.2.1 Routing influence in cargo transshipment 

 
In cargo transshipment processes, routing must be completely synchronized with it in 

order to avoid unnecessary routes and transshipments that add time and cost to the whole pro-
cess. Planning and scheduling of vehicle routes for deliveries of goods can bring benefits con-
cerning the use level of the vehicle and the fleet (DIAS, 2012). Hence, the use of software for 
routing, using delivery windows as a parameter, has been gaining space in companies. Conceição 
et al. (2004) described that routing based on human experience, even if aware of the local traffic 
and geography, still produced routes with greater distances in 10% than those generated by the 
routing software.

The environment of competition and innovation has led companies to adopt an efficient 
logistics information system to reduce operation and transportation costs, with a more rational 
use of vehicles. In recent years, logistics technologies, such as trucks, equipment, devices for car-
go transshipments, and accessories, have considerably advanced (HOLTZ, 2016).
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To found the relationship between routing and transshipment, Rabbani, Baghersad and Ja-
fari (2013) presented the inventory routing problem (IRP), aiming to minimize inventory and trans-
portation costs by setting delivery quantities for each client as well as routes that should be used. 
Other authors, such as Drexl (2012), compared commercial software, focusing on the automatic 
routing, its adherence, and use. On the other hand, Reiter and Gutjahr (2012) created an algorithm 
with a double objective: minimizing the costs of routing and adjusting the driver’s workload. 

On the interface between routing and transshipment, Chopra and Meindl (2011) 
and Pires (2011) evaluated methods for product flow, among them the Transit Point and the 
Cross-docking. These processes aimed at receiving loads in consolidated vehicles and transferring 
them to smaller vehicles, and demanding logistics managers for transshipments to be more effi-
cient in order to avoid delays in deliveries in the final destinations.

An important factor among transshipment and routing processes are inventory levels, 
since conveyance of products comply with the policy of each company’s inventory.  According to 
Chopra and Meindl (2011) and Wanke (2008), inventory levels throughout the supply chain are 
defined by the product turnover, service time, desired service level, and unit purchase costs. These 
levels make routing and transshipment processes to have greater or lesser importance within the 
company, according to the weight of each item that compose the inventory calculation. Thus:

H2: Routing impacts on cargo transshipment.

 2.2.2 Influence of cargo transshipment in added value

In The Transshipment Problem, Orden (1956) defined transshipment, from the point of 
view of costs added to product conveyance, as an additional problem to that of routing. Garg and 
Prakash (1985) created an algorithm for solving the transshipment problem, in which they used 
methods of operational research and considered each loading and unloading point as a “node” in 
the solution of the problem. The aims was reducing the time between the origin and the destina-
tion, thus optimizing the process of transshipment during cargo conveyance.

According to Miao et al. (2012), transshipment problems were related to the amount of 
goods in the transportation and routes to be followed to transshipment centers. Moreover, they 
considered that, concerning the transshipment problem, the aim was to find minimum cost solu-
tions that should satisfy all demands in all destinations. However, in the definitions of intermodal 
transport, Bowersox, Closs, Cooper, and Bowersox (2014) combine two or more modal types to 
take advantage of the economies inherent in each modal and, therefore, provide an integrated 
service. For Chopra and Meindl (2011), to do so, more than one mode of transportation for con-
veyance of goods to their destination should be used. Hence, whereas the transshipment process 
is part of the cargo transfer between modes, for loading and unloading of goods, the cargo trans-
fer process occurs directly from the supplier to the final receiver.

Literature on the transshipment problem refers primarily to the question of inventory 
time and cost optimization, but there is a gap in the issue of equipment and infrastructure re-
quired for loading, unloading, storage, and conveyance of products. 

Coyle, Bardi and Langley (2003) stated that companies that traded several types of prod-
ucts needed to use special or customized equipment for cargo conveyance, storage, and unloading. 
Studies by Sternberg et al. (2012) applied the methodology for reducing losses in the processes of 
loading and unloading of vehicles, and showed losses due to unnecessary conveyances.

Da Silva et al. (2012) reported that the operational efficiency of equipment, such as fork-
lift trucks, traveling cranes, and cranes used for material conveyance in an enterprise, was some-
thing that could aid reducing costs and thereby increasing the profits by added value. In addition, 
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Hitt, Ireland and Hoskisson (2008) stated that the uniqueness of the resources of a company was 
the basis for the strategy of above-average returns. Furthermore, they mentioned that resources 
for equipment could be considered as inputs of the production process of a company. 

Christopher (2013) pointed out that companies should work together with shipping 
companies to resolve potential problems on fitness of vehicles. These integrations between com-
panies were addressed by Chopra and Meindl (2011), who described the scope of the supply 
chain covering all stages involved, directly or indirectly, in the processes to meet customers’ re-
quests. In addition to manufacturers and suppliers, means of transport, warehouses, retailers, 
and the very customers were part of the supply chain. Thus:

H3: Cargo transshipment impacts on added value.

 2.3 Transshipment mediation in the relationship between routing and added value

In transshipment processes, cargo conveyance must be efficient and quick to add value 
to the client. However, barriers in the operations of loading, unloading, and transshipment, rath-
er than adding value, can cause damages. The lack of qualified personnel, appropriate structure, 
and equipment of the very shipper modal, or at the place of final destination of the product, can 
have as consequences: waste of time in activities, damages to or losses of the transported cargo, 
(delay on delivery and the parked vehicle might be charged, for instance, if a deadline is estab-
lished in the contract or in the road waybill), and the parked vehicle might be charged. 

It is important that transshipment operations are well managed. With them we will get 
the main logistics controls, directed to productivity such as time spent in queues for loading or 
unloading, cargo time, and route time. In addition to the issue of routing, another factor that in-
fluences in the cost is transshipment. According to Ballou (2006), systems of storage and handling 
of products absorb up to 20% of the costs of physical distribution of the enterprise. 

Therefore, logistics managers must know in depth the strengths and weaknesses in the op-
erations of loading, unloading, and transshipment, and make decisions so that the impact of routing 
on performance is achieved by the mediation of cargo transshipment, indicating that routing and 
transshipment are, in fact, synchronized, thus adding value to the logistics management. Thus:

H4: Cargo transshipment mediates the relationship between routing and logistic added value.

3 METHODOLOGY
3.1 Method, data collection instrument, and survey participants

This descriptive and quantitative research preceded an exploratory study, conducted 
with a sample of three managers of transportation companies, in order to know in greater depth 
the phenomenon of the research: the role of cargo transshipment in the relationship between 
routing and performance. To this end, in-depth interviews were carried out, according to a pre-
determined script, recorded on audio and transcribed, in such a way no information was lost.

Based on the results of the exploratory study, the data collection instrument was creat-
ed, which consisted in four blocks. The first block referred to data on the respondents and charac-
teristics of the companies. The second, third, and fourth blocks referred to the constructs “rout-
ing,” “cargo transshipment,” and “added value,” with nine, eight, and six measures respectively. 
For the last three blocks, respondents were requested to point out the degree of agreement on 
a scale ranging from totally disagree (TD = 1) to totally agree (TA = 6) regarding the measures 
allocated in their respective constructs.

With the first version of the questionnaire, such was referred to a sample of four re-
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spondents to pretest. These respondents were part of the sample of three transport companies 
used in the exploratory stage, in which, then, a company had two respondents. With the pretests 
of the first version of the questionnaire we aimed the final adjustment to evaluate the amount 
of measures, sequences, formats, clarity, and definition of the research protocol. After defining 
the final questionnaire, we selected a sample of respondents for data collection, which consisted 
in two subsamples. In the first subsample, by the authors’ networking, 51 questionnaires were 
responded. In the second subsample, by indications of respondents of the networking, 23 ques-
tionnaires were responded. In both, respondents should be from the logistics field, involved in 
processes of routing and cargo transshipment.

To do so, respondents received an email explaining the purpose of the research with 
the link to the answers on the website Google Docs. Since the electronic data collection tool only 
recorded information after completing the questionnaire, of the total of 74 obtained question-
naires, none were discarded, that is, there were no incomplete questionnaires, since the Google 
Docs was configured in such a way incomplete questionnaires were not recorded.

3.2 Data treatments, study delimitation, and method limitation

Initially, the collected data were submitted to descriptive statistics, to examine lost data, 
atypical observations, or extreme responses. Then, such were submitted to multivariate statisti-
cal analysis, exploratory and confirmatory factor analysis techniques, for debug, validate measure-
ments and scales, and identify the underlying structure (or construct) as for data matrix. Hence, 
for measures to be part of the construct, we investigated if both constructs and related measures 
met the minimum acceptable values for the following statistics: a) factor loading of the measures; 
b) monodimensionality of the constructs, measured by Cronbach’s α; c) composite reliability of 
constructs; d) content validity; e) convergent validity; and f) discriminant validity, as reported next.

After defining the validation of measures and scales, we assessed the statistical signifi-
cance of the relationship between the model constructs. To do so, we used the structural equa-
tions modeling, the PLS-PM (Partial Least Squares Path-Modeling), to obtain evidence that the 
collected data were adjusted to the structural equation modeling. Considering that all constructs 
were reflexive, Goodness of Fit was used to assess the general fit, given by the geometric mean 
between means of the AVEs – Average variance extracted (adjusted measuring model) and the 
R2s (adjusted structural model) (TENENHAUS et al., 2005), as shown below.

[GoF = ]  →  Equation (1)

For the evaluation of this index, Wetzels, Odekerken-Schroder and Van Oppen (2009) 
suggest the value of 0.36 adjusted for Social and Behavioral Sciences. However, Henseler and 
Sarstedt (2012) suggest not using the GoF as general adjustment index of the model for under-
standing that the index does not have the power to distinguish between valid and invalid models; 
that is, PLS does not optimize a global function, in such a way there is no index of validity of the 
model, such as the Chi-square, in models using the Lisrel software. In addition, we used two other 
indicators of quality adjustment: Stone-Geisser’s or the relevant or predictive validity (Q2) and 
Cohen’s or effect size (f2), as suggested by Hair Jr., Ringle and Sarstedt (2014).

To test the evidence of cargo transshipment mediation between routing and added val-
ue, we used the Variance Accounted For test (VAF):
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VAF = [ ] → Equation (2)

where β12, β23, and β13 are the structural factors that resulted from the relationship be-
tween constructs [Routing and Cargo Transshipment], [Cargo Transshipment and Added Value], 
and [Routing and Added Value], respectively. For values VAF > 80%,  it means total mediation; VAF 
< 20%, no mediation; and 20% ≤ VAF ≤ 80%, partial mediation.

However, we must consider some limitations in the employed method and delimitations in 
the research. Limitations of the method were due to a sample chosen by accessibility and with a num-
ber of respondents below the recommended. It is also considered the fact that some respondents 
might not have clearly understood the questions, thus responding them incorrectly and influencing 
the final result. On the other hand, delimitations of our cross-sectional research (MALHOTRA, 2001) 
refer to the logistics managers of companies that produce or trade long steels in Brazil, which have 
direct influence in the processes of routing and transshipment, with no restriction to the State or re-
gion in which they operate. Respondents were contacted on social networks of the author’s research, 
directly or indirectly. Differences between them are due to the company that is linked to the mills 
having the same corporate group, therefore, a single supplier generally operating in the same way. 

4 DATA ANALYSIS AND RESULTS

Data were collected in the period from September 2014 and March 2015, with 74 ques-
tionnaires appropriated to be analyzed, showing the following characteristics:

a. Regarding respondents, we present the demographic profile in Table 1.

Table 1 – Demographic profile of respondents

PROFESSION % ACADEMIC EDUCATION %
Executive officers 13.5 Administration 56.7

Managers 32.4 Engineering 24.3
Coordinators and Supervisors 44.6 Logistics 10.8

Analysts and Technicians 9.5 Economy / Information technology 8.2
TIME IN THE PROFESSION % TIME IN THE ENTERPRISE %

Less than two years 9.5 Less than 2 years 1.4
Between 2 and 5 years 37.8 Between 2 and 5 years 23.0

More than 5 years 52.7 More than 5 years 75.6
Source: Research data

Therefore, based on the profile of respondents, we can perceive that all of them were 
aware of the processes of routing and transshipment, especially considering the time in the pro-
fession, time in the enterprise, and academic education.

b. Regarding the companies, we present the demographic profile in Table 2.

Table 2 – Demographic profile of enterprises

AREAS OF THE ENTREPRISES % SIZE – REVENUE %
Companies linked to steel mills 63.5 Up to R$ 2.4 million (BRL) 9.5

Autonomous companies 36.5 Between R$ 2.4 million and R$16 million 20.3
SITE – HEAD OFFICE (State) % Between R$ 16 million and R$90 million 16.2
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São Paulo 70.1 Between R$ 90 million and R$300 million 13.5
Rio de Janeiro 13.5 Above R$ 300 million 40.5

Bahia 5.4 SIZE  – NUMBER OF EMPLOYEES %
Pernambuco 4.1 Up to 99 employees 39.2

Rio Grande do Sul 2.7 Between 100 and 499 employees 31.1
Minas Gerais 1.4 Over 500 employees 29.7

Mato Grosso do Sul 1.4 TIME OF RELATIONSHIP WITH SUPPLIERS %
Paraná 1.4 Up to 2 years 9.5

Between 2 and 5 years 17.6
Over 5 years 64.8

Occasional relationship 8.1
Source: Research data

Therefore, based on the profile of the companies, we can observe that most were con-
centrated in the Southeast, with more than 100 employees, revenues accounting for over R$90 
million, long lasting relationships with customers, in addition to being linked to steel mills.

4.1 Descriptive analysis of collected data 

After identifying atypical observations in the sample with 74 respondents, made by fac-
tor analysis, we can debug that 23 original measures resulted in an underlying structure com-
posed of 16 parameters with factor loadings equal to or greater than 0.7, 5 related to routing, 5 
related to cargo transshipment, and 6 related to added value. 

The weighted average of routing was 4.94, with standard deviation equal to 0.42. For 
cargo transshipment, the arithmetic mean and standard deviation were 4.75 and 0.40, respectively. 
The “added value” construct, in its turn, featured a mean of 4.53 and standard deviation of 0.24. All 
measures were placed in the agreement side of the scale. We present the results in Table 3. 

Table 3 – Results of the descriptive and multivariate statistics

ASSERTIONS Average Standard
deviation Min. Max.

Correlation
1 2 3

1. Routing 4.94 0.42 3.62 5.43 0.64
2. Transshipment 4.75 0.40 3.72 5.53 0.52 0.62

3. Added value 4.53 0.24 4.04 4.89 0.63 0.52 0.73
Original measures → 9 8 6

Number of measures after debugging → 5 5 6
Monodimensionality (Cronbach’s α) → 0.63 0.60 0.82

Average variance extracted → 0.41 0.39 0.54
Composite reliability → 0.77 0.76 0.87

Notes: significant (α ≤ 0.01). 
On the diagonal of the correlation matrix, values in italics represent the square root of the Average Variance Extracted.
Source: Research data.

We observed independent variables by the measures: R1 (uses groups of cargos during 
the process); R2 (uses scheduling of deliveries for decision-making); R3 (considers reduction of 
costs for routing decisions); R4 (uses the SAP (Systeme Anwendungen und Produkte in der Daten-
verarbeitung) or other systems to implement the process); and R5 (applies the “savings” or “scan-
ning” methods to implement the process). Only the variable R5 was below 4.0, that is, between 
the scale Little Disagree and Little Agree. These results indicate agreement regarding logistics 
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in the routing process related to authors such as Dantzig and Ramser (1959), Clarke and Wright 
(1964), Ballou (2006), Novaes (2007), and Popovic and Habjan (2012). 

For mediating variables given by the measures: T1 (considers opening hours of custom-
ers to schedule deliveries); T2 (storage of products during the transfer process); T3 (uses systems 
for locating products in storage sheds); T4 (inspection of products in the cargo process, in storage 
sheds); and T5 (consider customers’ equipment for loading and unloading setting). Only the var-
iable T3 was below 4.0, that is, between the Little Disagree and Little Agree scale. Authors, such 
as Ballou (2006), Da Silva et al. (2012), and Christopher (2013), corroborate the mediation of 
transshipment in the relationship between routing and added value.

Other measures, including dependent variables (added value), converged for the agree-
ment side of the scale as shown in Table A1 of Appendix 1.

4.2 Validation of measures and scales of constructs
 
Results of the factor analysis indicate that the minimum amount of three measures for each 

construct was in accordance with what is recommended by Hair Jr., Anderson, Tatham and Black 
(2005). As for reliability of measures, given by Cronbach’s α and the Composite Reliability (CC), ob-
tained values, higher than 0.6, were above the minimum limits recommended for exploratory studies. 

For content validity, with the exploratory study that preceded the descriptive research, 
each measure of construct was subjected to the evaluation of the respondents. In this stage, results 
were considered relevant and representative for the purpose of the project. For convergent validity, 
evaluated by the factor loadings and Average Variance Extracted (AVE), both statistics featured val-
ues above the recommended minimum limit of 0.5. Concerning discriminant validity, we observed 
that the AVE square root of each latent construct was greater than the result of its correlation with 
any other latent construct, thus meeting the criterion proposed by Fornell and Larcker (1981). 

After validation of the measures, scales, and constructs, we created a measurement 
model to assess its statistical significance using the structural equation modeling, the PLS-PM. 
Then, we sought to typify the mediation, if it was total, partial, or non-existent. In this case, we 
used the Variance Accounted For test (VAF) (HAIR et al., 2014). 

4.3 Evaluation of the structural model

SmartPLS 2.0 Software was used to evaluate the statistical significance of the measure-
ment model. We present the results in Figure 2.
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Figure 2. Theoretical and empirical model
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Note: Model estimated by the SmartPLS software, version 2.0 M3 (Ringle et al., 2005), and significance estimated by 
Bootstrap, n = 74 and 5,000 repetitions.
Source: Research data.

In terms of global adjustment measure of the measurement model, we obtained GoF 
=  = 0.40 by applying Equation (1). Hence, results exceeded the base value of 0.36 
(FORNELL; LARCKER, 1981), demonstrating that the model has good performance compared with 
the specified base value. 

Still determining the quality adjustment variables, as suggested by Hair et al. (2014), in 
Table 4 we present the results for relevance indicators: Stone-Geisser, or predictive validity, (Q2) 
and Cohen, or effect size, (f2).

Table 4 – Values of the indicators for predictive validity (Q2) and effect size (f2)

CONSTRUCT *CV RED (Q2) **CV COM (f2)
Routing 0.10 0.10

Cargo transshipment 0.06 0.06
Added value 0.22 0.35

Reference values Q2 > 0
f2 = 0.02 – minimal effect

f2 = 0.15 – mean effect
f2 = 0.35 – major effect

Notas: *CV RED = Cross-Validated Redundancy; **CV COM = Cross-Validated Communality
Source: Research data.

According to Table 4, the indicator (Q2) presents positive values, showing that the model 
reflects the reality, that is, it is useful for the prediction of the model. As for the effect size indica-
tor (f2), constructs presented values ranging from mean and major, indicating that data had mean 
effect in the adjustment of the model.

Regarding the tests of hypotheses, we present the results in Table 5. 



Rev. Adm. UFSM, Santa Maria, v. 13, número 1, p. 165-181, 2020

- 176 -

Table 5 – Structural factors and hypothesis test

STRUCTURAL
RELATIONSHIP

STRUCTURAL
FACTORS

STANDARD
ERROR

t
value

HYPOTHESES DECISION

Routing → Added value (β13) 0.50 0.11 4.44 H1
* Supports

Routing → Cargo transshipment (β12) 0.52 0.10 5.48 H2
* Supports

Cargo transshipment → Added value 
(β23)

0.25 0.13 2.00 H3
** Supports

Note: (*)  0.01: significance level (t > 2.58); (**) < 0.05: significance level (t > 1.96)
Source: Research data.

 
According to Table 5, we observed that:

a. In Hypothesis H1, represented by the course between routing and added value, the 
structural factor was 0.50, t-value equal to 4.44, indicating support to the hypothe-
sis H1, α ≤ 0.01 significance level;

b. In Hypothesis H2, represented by the course between routing and cargo transship-
ment, the structural factor was 0.52, t-value equal to 5.48, indicating support to the 
hypothesis H2, α ≤ 0.01 significance level;

c. In Hypothesis H3, represented by the course between cargo transshipment and add-
ed value, the structural factor was 0.25, t-value equal to 2.00, indicating support to 
the hypothesis H1, α ≤ 0.05 significance level;

d. Therefore, with these results (H1, H2, and H3), supported according to significance 
levels of α ≤ 0.01, α ≤ 0.01, and α ≤ 0.05 respectively, we can infer that there was 
mediation of cargo transshipment in the relationship between routing and add-
ed value, thus supporting hypothesis H4 ( BARON; KENNY, 1986; IACOBUCCI et al., 
2007).  Nevertheless, we needed to classify whether the mediation was total or 
partial (HAIR et al., 2014).

 In this sense, we then verified the magnitude of cargo transshipment mediation 
concerning the relationship between routing and added value. To do so, we used the Variance 
Accounted For test (VAF). Thus, by applying Equation (2), we have:

VAF = [ ] = [ ] = 0.21 → Equation (2)

Therefore, by the obtained value of 0.21, we demonstrated that cargo transshipment me-
diation, regarding the relationship between routing and added value, was partial (HAIR et al., 2014). 

Finally, we verified the effects of routing on added value. The direct effect was equal to 
0.50. The indirect effect was equal to 0.13 [0.52*0.25 = 0.13]. Hence, the total effect was equal to 
0.63 [0.50 + 0.52*0.25 = 0.63]. We present in Table 6 the direct, indirect, and total effects.

Table 6 – Direct, indirect, and total effects of the measurement model constructs

Added value
Direct effect Indirect effect Total effect

Routing 0.50 0.13 0.63
Cargo transshipment 0.25 0.25

Source: Research data.
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The ratio of cargo transshipment in the environmental added value variance, directly 
and indirectly explained by routing, was of 20.6% ([0.52*0.25] / [(0.52*0.25) + 0.50] = 0.206).

5 CONCLUSIONS AND SUGGESTIONS FOR FURTHER 
STUDIES

To state that cargo transshipment mediates, in part, the relationship between routing 
and added value, influences the academic perspectives and managerial practices discussed next:

a) Academic perspectives: Cargo transshipment is an operational process inherent in the 
distribution of goods, whose split loading and unloading of goods take time, cause inconvenience to 
the industrial, commercial, and personal activities and, especially, increases costs inappropriately.

In this regard, developing solutions that involve cargo transshipments – such as routing 
and scheduling of vehicles – becomes increasingly important, to the extent some restrictions 
are imposed, such available time for traffic of vehicles, multiple trucks with different weight and 
volume capacity, maximum time of staying behind the wheel in each route, different maximum 
speed according to different zones, traffic barriers (lakes, deflections, mountains etc.), and inter-
vals for drivers to rest. 

Among several approaches previously suggested to tackle problems of this complexity, 
methods for routing of vehicles – such as scanning and savings – should be part of the daily ac-
tivities of cargo transportation (Ballou, 2006). The discussion of other solution processes, clas-
sified as constructive algorithms, two-way algorithm, incomplete-optimization algorithms, and 
improvement methods, must also be part of routing tools.

Technological evolution and the improvement of artificial intelligence have allowed the 
use of digital tools for locating products in storage sheds, use of SAP systems with greater intensi-
ty and traceability of cargos, in such a way to add the maximum value to transshipment business. 

At the same time, in addition to decision-making aimed at competition, managers must 
detail in greater depth the logistics operations, in such a way to make it competent when deciding 
on the adoption of the most appropriate technology to add value to the product or service, and to 
develop scientific methods that result in practical applications to approach the academy and the 
company. Hence, several opportunities for contribution and studies on the same issue are available.

b) Perspective of managerial practices: Throughout our study we tried to show the role 
of cargo transshipment in the relationship between routing and added value. Thus, cargo trans-
shipment – in particular for products such as long steel used in construction, in addition to the ad-
equacy of transport (GIRIBOLA, 2013), requires mechanical equipment for loading and unloading 
of products, handling for several sizes, shapes, volumes, and weights of goods such as forklifts, 
truck-tractor, conveyors, monorails, crawler tractor, and winches. 

The correct handling, proper packaging, and other equipment for conveyance of prod-
ucts aid the short offset into warehouses or distribution centers. Moreover, there is a need for 
a specialized staff to optimize the work and reduce costs for companies, which are not always 
available in the delivery sites.

However, not every unloading process is held in the proper location. It is also carried out 
on public roads, construction sites, and in places intended for the loading and unloading shared 
by private vehicles. In these cases, the unloading process becomes critical, since equipment re-
quired to do so are improvised. Hence, equipment and activities for loading and unloading pro-
cesses have also been the target of innovation, mainly by reducing time and greater demands of 
delivery windows (ARAÚJO, 2014).
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Developing projects for efficient cargo loading and unloading processes, in order to min-
imize the time the driver remains at transshipment sites, waits inside the factories, public roads, 
or parking lots can significantly change the operational logistics routine.

Therefore, logistics managers are faced with great opportunities to improve the activi-
ties inherent in such processes, ranging from preparation, conveyance, and management direct-
ed at reducing the time on cargo transshipments sites and meeting the needs of the competitive 
market, which is added value resulting from the delivery efficiency and reduced costs.

Finally, for further studies, we suggest: a) develop a computational model for compar-
ison of different simulations to assess the effect of changes on control variables such as equip-
ment options for unloading products; b) broaden the sample and compare the results from the 
point of view of other states or business areas; and c) create scenarios for mediation of cargo 
transshipment, for instance, by the use of the scanning and savings methods.
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APPENDIX 1: All assertions were measured by the scale of agreement/disagreement 
with six degrees of importance ranging from totally disagree (TD = 1) to totally agree (TA = 6). 
Arithmetic mean, standard deviation, and factor loading are also presented.

Table A1: Measures and scales of the measurement modeling

CONSTRUCT / ASSERTIONS Average S. D. Vfac Factor

RO
U

TE

R1 uses groupings of cargos during the process 5.43 0.81 0.15 0.71
R2 uses the scheduling of deliveries for decision-making 5.28 0.77 0.15 0.58
R3 considers cost reduction for routing decisions 5.15 0.89 0.17 0.60
R4 uses SAP system or other systems to implement the process 5.20 1.47 0.28 0.63

R5
applies the “savings” or “scanning” methods to implement 

the process 3.62 1.67 0.46 0.66

TR
AN

SS
HI

PM
EN

T T1 considers opening hours of customers to schedule deliveries 5.53 0.71 0.13 0.60
T2 stores products during the transshipment process 4.89 1.19 0.24 0.52
T3 uses systems for locating products in storage sheds 3.72 1.83 0.49 0.68

T4
inspects products in the processes of loading, unloading, and 

storage 4.91 1.30 0.26 0.71

T5 consider customers’ equipment for loading and unloading 4.68 1.37 0.29 0.57

AD
DE

D 
VA

LU
E

V1 searched for a location closer to the customers 4.12 1.47 0.36 0.61
V2 improved unloading and loading time in its units 4.84 0.94 0.19 0.78
V3 reduced the order cycle from its collection to delivery 4.78 0.96 0.20 0.74
V4 improved the level of service to attend its customers 4.89 0.87 0.18 0.79

V5
provided information to customers on the status of their re-

quests 4.04 1.27 0.31 0.61

V6 reduced operation costs of delivery to customers 4.51 0.98 0.22 0.84
Note: Average = Weighted Average; S.D. = Standard Deviation; Vfac = Variation factor; Factor = Factor loading
Source: Prepared by the authors.
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