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In the last decade, the Brazilian civil 
construction industry has been seeking 
to optimize its processes, improving pro-
ductivity, reducing and reusing material 
waste as well as replacing traditional labor 
processes with technological innovation 
solutions (Boubaaya et al., 2023; Borges  et 
al., 2019; Santos, Morais and Lordsleem, 
2018). Mortar coating and displacement 
into the construction sites are some of 
the most labor-intensive processes in the 
Brazilian construction industry, with low 
productivity and a wide variation in qual-
ity because it is traditionally performed 

manually. Using mortar pumps, represents 
a great potential for rationalization and 
cost reduction, when compared to the 
transport of raw materials and mortars 
by the traditional means as wheelbarrows, 
pushcart, buckets, cranes, elevators and 
forklifts (ABCP, 2002). 

Initially created to enable concrete 
projection, wet mortar pumps were devel-
oped in the first half of the twentieth cen-
tury. Early equipment was designed using 
piston pump systems, but only in the 1950s 
did this technology became viable, using dif-
ferent types of pumps, such as screw pumps 

(Morgan, 1996). Screw pumps promote a 
continuous flow of materials without caus-
ing deterioration, which is not possible to 
achieve with piston pumps (Cholet, 1997). 

In Brazil, the introduction of the mor-
tar projection systems began in the 1970s, 
but it was not initially successful due to 
the lack of labor training and engineering 
knowledge. It was only in the late 1990s, 
when some of these problems were gradually 
solved that this equipment was reintroduced 
in the market (Crescêncio et al., 2000). 
These pumps present themselves as a solu-
tion to optimize construction performance 

1. Introduction

Alessandro Alves1,2

https://orcid.org/0000-0001-9977-8493

Roberto Otto Griese Junior1,3

https://orcid.org/0009-0006-3175-2768

Natália Paranhos Caoduro1,4

https://orcid.org/0009-0004-4660-4683

Sérgio Ricardo Lourenço1,5

https://orcid.org/0000-0002-9363-2853

Douglas Alves Cassiano1,6

https://orcid.org/0000-0003-4134-5622

1Universidade Federal do ABC – UFABC, 

Centro de Engenharia, Modelagem e Ciências 

Sociais Aplicadas - CECS, 

São Bernardo do Campo – Sao Paulo – Brasil.

E-mails : 2alessandro.alves@ufabc.edu.br, 
3roberto.otto@outlook.com, 
4natalia.paranhos@ufabc.edu.br, 
5sergio.lourenco@ufabc.edu.br, 
6douglas.cassiano@ufabc.edu.br

A framework for selection 
criteria of wet mortar 
pumping systems in Brazil
Abstract

Despite presenting several advantages in relation to the mortar coating per-
formed by hand labor traditionally carried out in Brazil, there is little knowledge 
available about mortar pumping systems. Thus, selecting a mortar pump system is 
not a trivial procedure, and there are no significative studies published in the special-
ized literature to fully understand the decision criteria applying to this equipment 
selection. Therefore, the present study aimed to identify the relevant criteria and 
quantify their importance in the selection of this equipment, by  developing a frame-
work combining both mortar pump specialists expertise and fuzzy analytic hierarchy 
process method to aid this decision making process. Results showed that acquisition 
cost and quality are the most relevant criteria, representing togheter around 2/3 of the 
decision weight, while technical and operational aspects account for aproximatelly 
1/10 of relevance in the equipment selection.
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The mortar pumping system is 
a set of equipment for designing the 
mortar, consisting of: electrical control 
system, mortar reservoir, connections, 
mortar pump (component responsible 
for promoting the displacement of the 
mortar in the pumping system)  and other 
accessories. It has a high performance, 
used for the mechanized transport of 
materials intended for the execution of 
plaster, subfloor, grout, mortar and other 
materials (M-TEC, 2023a). In Brazil, 
manufacturers provide different models 

that carry distinguishable characteristics, 
dimensions, and capacities. The length of 
the screw pump (type of component com-
monly used in mortar pumping system 
design) determines the number of rotor 
pitches, which is responsible for determin-
ing the pump output pressure. The greater 
the length of the pump, the greater the 
pressure (Cholet, 1997). The dimensions 
of the gaps between the rotor and the 
stator define the dimension limit of the 
aggregate. The mortar pumping system 
composed of a screw pump can displace 

mortar up to 100 meters vertically and 
300 meters horizontally, depending on 
the pump output flow, hose gauge and 
the rheological properties of the mortar 
(Austin, 1995). In addition to facilitat-
ing cleaning and maintenance, it pumps 
mortar for coatings containing fine ag-
gregates, from 0 to 8 mm, continuously 
and without oscillations, facilitating the 
precise dosage of additives (Cook, 1990). 

In the image in Figure 1, a model of 
a mortar pumping system manufactured 
with a screw pump is shown.

The screw pumps, which are part 
of the mortar pumping system, are com-
posed of two main parts: the internal 
steel rotor and a stator, external part, 
produced in petroleum-derived elastomer. 
The geometries of these parts are not 
identical, forming precise empty spaces 
between them, which are responsible for 
generating negative pressure at the inlet as 
the rotor rotates inside the stator (Maidl, 
1995; Cholet, 1997). According to Valge 
(2023), this type of pump requires low 
Net Positive Suction Head - NPSH, avoid-
ing the risk of cavitation; operates with 
continuous flow, which allows greater 
control of flow and operating pressure; 
and produces smooth pumping, which 

poses no risk of altering the properties 
of the pumped material. Also known as 
a progressive cavity pump, this kind of 
pump is employed where other sorts of 
pumps are unfit to operate, as it allows 
the pumping of high-viscosity products 
that may even retain abrasives. According 
to Netzsch (2023), the helical movement, 
through the combination of the axial 
and radial movements of the fluid inside 
the pump, provides speed, direction and 
direction imposed by the rotors, generat-
ing chambers that advance continuously, 
producing the positive displacement, 
continuous, without pulsations and 
proportional to the movement of the 
elements of the pump, making the pump 

flow constant and proportional to the 
rotor speed. This type of pump has the 
advantage of preserving the physical and 
chemical characteristics of the fluid, since 
there is low friction between the parts of 
the pump and the pumped product, due 
to the shape of the cavities being constant, 
meaning that the pumped product is not 
compressed, allowing the pumping of 
liquids and solids, including due to the 
lack of shear forces.

In Figure 2, a working diagram of 
a double equipment is presented, which 
accumulates the functions of mixing and 
pumping the mortar. In this diagram, the 
positioning of the screw pump can be seen 
as a component of the system.

Figure 1 – Mortar pumping system with screw pump (Source: Elaboration based on M-TEC (2023a)).

2. Materials and methods

2.1 Mortar pumping system

2.1.1 Screw pump

by improving deadline conditions, quality, 
rationalization, productivity, sustainabil-
ity and costs in mortar coating process 
(Amaral, Oliveira and Lima, 2023). 
Studies show significant gains in execu-
tion deadlines with the implementation 
of mechanization in the civil construction 
industry (Cichinelli, 2010) in which there 
is special emphasis on the process of trans-
porting mortar inside the construction 
site. Despite all these reported advantages, 

this technological innovation in Brazil still 
remains being applied by a relatively small 
number of companies (Santos, Morais and 
Lordsleem, 2018).

In the specialized literature, the 
mortar pump research published is scarse, 
being the few   existing articles focusing 
solely on mortar composition and pump-
ing (Ha et al., 2017; Jacobsen et al., 2008; 
Pérez, Costa and Golçalves, 2017). No 
research was found regarding the criteria 

that determine the selection of mechanized 
wet mortar pumping systems with screw 
pumps available in the Brazilian market. 

Therefore, this literature gap embold-
ens the present study, whose goal is to iden-
tify the relevant criteria and quantifying their 
importance in the selection of wet mortar 
pumping systems in Brazil. In order to ac-
complish this task, a framework combining 
the Delphi and Fuzzy Analytic Hierarchy 
Process (FAHP) methods were used.
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All the data for this study were 
obtained from the responses of question-
naire application and interviews carried 
out with a set of specialists for decision 
manking in the subject: mortar pump  
manufacturers and buyers from construc-
tion companies and contractors. 

The following characteristics that 

configured the class of wet mortar pumping 
systems that were part of the study were 
established: rotor-stator pumping operating 
principle, consisting of a single geared mo-
tor, vat for receiving the wet mortar, hori-
zontal axis, coupled electrical control panel 
and outlet with 50 mm diameter hoses. 

Decision makers had to analyze the 

established criteria, based on a possible 
acquisition process for this specific class 
of equipment. In the interviews, fifteen 
questions were answered in an trade-off 
process, based on the relative importance 
scale for each criteria by ten decision 
makers between November 2022 and 
January 2023.

To carry out this work, the devel-
opment of the framework presented in 
Figure 3 was proposed.

The algorithm consisted of com-
pleting five stages to achieve the purpose 
established in the study: 

Stage 1: after setting the intent of 
the study, this step consisted of defin-
ing the groups of experts and decision-

makers surveyed, the methodology, and 
the effectiveness of the initial contacts. 

Stage 2: using the Delphi method, 
with the participation of experts in the 
area of mortar pumping systems, the 
tested criteria were selected.

Stage 3: development of the form, 
containing the 15 questions in the trade-
off format.

Stage 4: conducting interviews struc-
tured by questionnaire, with decision-
making groups of suppliers and buyers to 
obtain judgments of the criteria.

Stage 5: the decision makers' 
responses were used in the appli-
cation of the FAHP to obtain the 
importance weight vectors of the 
established criteria.

Figure 2 – Illustrative scheme of mixing and pumping equipment (Source: Elaboration based on M-TEC (2023b)).

Figure 3 – Framework for selection criteria of wet mortar pumping systems.

2.2 Research data

2.3 Framework
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The Delphi method, developed by 
researchers from the Rand Corporation 
Olaf Helmer and Norman C. Dalkey, 
in the 1960s, for research in the area of 
military defense during the Cold War 
period, is a technique used to make pre-
dictions, in order to know in advance the 
probability of future events through the 
systematic collection of expert opinions, 

being indicated, for example, for cases 
where quantitative data are lacking for 
the resolution of a study (Oliveira et al., 
2008). Its use is widespread in several 
different areas. According to Helmer 
(1966), it is a systematic method that 
seeks to obtain opinions from experts 
in obtaining their consensus on a given 
subject, taking care not to be influenced 

by groups, trends and public opinion 
(Hasson, Keeney and McKenna, 2000). 
The implementation of this study in-
cluded meetings with three experts in 
mortar pumping systems, with the aim 
of identifying the criteria that could be 
part of the field research and investigat-
ing their relevance for decision-makers 
in the process of acquiring equipment.

The Hierarchical Analysis Meth-
od, better known as AHP, created by 
Professor Thomas L. Saaty in 1980, is 
recognized as one of the first methods 
developed in the Discrete Multicriteria 
Decisions environment, possibly being the 
most popular method in this cathegory of 
decision making used worldwide (Gomes, 

Araya and Carignano, 2011). It was pro-
posed as a decision analysis technique with 
the objective of evaluating, by one or more 
decision makers, complex alternatives that 
contain multiple attributes  (Ho, 2008; 
Emrouznejad & Marrab, 2017).

In the AHP method, complex 
problems are decomposed into smaller 

parts, organizing the decision criteria 
into hierarchical levels and then com-
pared at each level in a paired way, 
according to the decision maker's 
judgment, creating a judgment matrix 
using the fundamental scale of relative 
importance, developed by Saaty and 
presented in Table 1.

Fuzzy AHP, or FAHP, was conceived 
as an extension of the AHP method 
(Jaiswal et al., 2015). In this method, 
diffuse numbers, or fuzzy numbers, are 
integrated into the AHP to appropriately 
express linguistic evaluation, making it 
possible to deal with subjective perceptions 
and inaccuracies (Calabrese et al., 2016). 
Developed by Zadeh (1965), with the aim 
of resolving the imprecision and ambiguity 
of human cognition and judgment, Fuzzy 
Set Theory makes it possible to process 
uncertainties associated with thought and 

reasoning, working on human preferences, 
which in turn are sometimes subjective, 
uncertain and ambiguous and making it 
possible to represent them in exact numeri-
cal values (Kannan et al., 2013). 

The first FAHP method was pro-
posed by Van Laarhoven and Pedrycz 
in 1983, using triangular fuzzy num-
bers in the pairwise comparison matrix 
(Emrouznejad & Ho, 2017). Subsequently, 
fuzzy numbers were used with the trap-
ezoidal membership function (Onar et al., 
2016) and Gaussian (Paul, 2015).

The FAHP method is carried out by 
a four step algorithm:

Step 1 - Consists of identifying the 
criteria for selecting a wet mortar pump, 
the decision makers who will be part of 
the study and modeling the problem as 
a hierarchy.

Step 2 - Make comparisons between 
pairs, referring to the importance of the 
selection criteria for mortar pumping 
systems, using the geometric mean to 
integrate the decision makers' judgments 
according to Equation 1:

Step 3 – Develop a decision matrix, 
synthesizing the judgments of the decision 

makers to prepare a set of general priori-
ties for the hierarchy.

Define the pairwise comparison ma-
trix, by applying the relative importance 

Where, (l,m,u) – triangular fuzzy number; 
(1,2,…,K) – number of decision makers.

l = (l1*l2*…*l
k
)1 ⁄ k, m = (m1*m2*…*m

k
) 1 ⁄ k, u = (u1*u2*…*u

k
)1 ⁄ k (1)

Relative importance Linguistic importance Description

1 Equal importance Both alternatives 
contribute equally to the objective.

3 Little or moderate 
importance of one over the other

Experience and judgment 
favor one alternative over the other.

5 Great or essential importance Experience and judgment 
strongly favor one alternative over the other.

7 Very great or demonstrated importance One alternative is very strongly favored over 
the other. Can be demonstrated in practice. 

9 Absolute or extreme importance The evidence favors one alternative over the 
other, with the highest degree of affirmation.

2,4,6,8 Intermediate values 
between the two adjacent judgments

When looking for a compromise 
condition between two definitions.

1/2,1/3,1/4,1/5, 1/6,1/7,1/8, 1/9 Values for reverse comparison Adopted directly to the 
opposite alternative in the analysis.

Table 1 – Fundamental scale of relative importance.

2.3.1 Delphi method

2.3.2 Fuzzy AHP method

Source: Elaboration based on Saaty (1987).
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Through the application of the 
Delphi method, with the participation of 
specialists from the technical and sales ar-
eas, the following criteria were identified 
as relevant for the selection of wet mortar 
pumping systems: price, quality, market 
reference, after-sales, performance and 

ease of use. After the selection, the 
specialists defined in a few words the 
identified criteria: the price comprises the 
amount actually paid by the customer; 
quality refers to the durability, construc-
tive finish and visual appearance of the 
equipment; the market reference is an 

indication of the influences of other cus-
tomers, competing companies, among 
others, on the acquisition; after-sales is 
represented by the availability of spare 
parts, after-sales service and the delivery 
of equipment to the customer with the 
presence of a technician and training; 

The defuzzification (expression that 
refers to the action of transforming a fuzzy 

number in to a numeric value) is carried 
out through the center of the area, to 

obtain the weight vectors of importance 
of the criteria (w

i
), as given by Equation 5.

The normalized importance weight vectors (Nw
i
) are obtained through Equation 6.

r
i
 = ((l1, l2,…, l

n
)1 ⁄ n, (m1, m2,…, m

n
)1 ⁄ n, (u1, u2,…, u

n
)1 ⁄ n)

w
i
 = r

i
 *(r1 + r

2 + …+ r
n
)-1

Step 4 – Transform the paired com-
parison matrix for judging criteria into 
linguistic variables and calculate the impor-
tance weight vectors for each criterion, using 

the basic concept of FAHP in triangular 
fuzzy numbers.

The fuzzy geometric mean value (r
i
) , 

given by Equation 3, it is necessary for the 

calculation of the weight vectors of impor-
tance of the criteria.

The fuzzy weight vector (w
i
) for each criterion is obtained through Equation 4.

The reciprocal fuzzy numbers of relative intensity are given according to Equation 2.

(2)

(3)

(4)

(5)

(6)

3. Results

3.1 Identified criteria

scale, as shown in Table 1.
Perform fuzzyfication (expression 

that refers to the action of transforming 
a numeric value into a fuzzy number) 

through the diffuse scale of relative im-
portance, shown in Figure 4. 

Figure 4 – Fuzzy scale of relative importance (Source: Elaboration from Kannan et al. (2013)).

 Ã-1 = (l,m,u)-1 = 1 1 1
u m l

, ,

˜

˜

˜

˜

˜ ˜ ˜ ˜ ˜

 w
i
 = l + m + u

3

Nw
i
 =  

w
i

w
i
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performance is directly linked to two 
characteristics valued by customers: the 

flow, given in m3/h, and the maximum 
pumping distance; and ease of use refers 

to the operating conditions and cleanli-
ness of the equipment.

3.2 Judgment matrix

3.3 Criteria weight vector

4. Discussion

Based on the information ob-
tained in the interviews with the 

decision-makers, the FAHP method 
was applied were resulting in an 

FAHP judgment matrix, presented 
in Table 2.

From the judgment matrix, the next 
stage of the model was applied by calculat-
ing the weight importance vectors of the 
analyzed criteria.

It was identified that the price crite-

rion was, in isolation, the most important, 
with 39.5% representation. In second 
position, the quality criterion was identi-
fied, presenting 26.7% of importance 
and, in third, the market reference was 

presented with 15.0%. The other criteria, 
called after-sales, performance and ease of 
use, were of little importance, with 8.2%, 
6.8% and 3.7%, respectively, as plotted 
in Figure 5.

The most important criteria in the 
decision-making of the analyzed group 
were price and quality. The appreciation 

of these two criteria is already expected 
in acquisition processes. At an intermedi-
ate level, the market reference criterion 

was maintained. Some criteria, such as 
after-sales, performance and ease of use 
individually represented less than 10% of 

Figure 5 – Weight vectors of importance of the criteria for the group of purchasing decision makers.

Table 2 – Fuzzy AHP judgment matrix for decision-making group.
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5. Conclusions
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