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Abstract: This paper aims to quantify the labor productivity improvement reached by the implementation of a masonry
wall project design to guide field construction. A masonry wall project design is an instrument of rationalization, developed
to specify the layout and steps of a masonry walls execution. The methodology is of quantitative nature and involves a
practical case. The work of an enterprise in Goidnia (Brazil) was tracked by the collection of productivity data, firstly of a
crew that didn’t have access to a masonry wall project design, and then of a crew that had access to the project. The
evaluation of the productivity improvement was processed by means of statistical analysis, such as location and dispersion
measures, average and variance, T-test, and F-value. Hypothesis tests were also performed to prove that the changes in
productivity were caused by the implementation of the masonry project. The results showed that the project deployment
optimized the production process in the field. There was a 26% increase in the team average productivity with access to
the project design according to the hypothesis tests. The main contribution of this work is to present the beneficial impact
of a masonry wall project design tailored for field construction, which allows a formal and rational approach to a heavily
artisanal technique.

Keywords: Labor productivity, masonry, project design, statistical analysis.

Copyright © Association of Engineering, Project, and Production Management (EPPM-Association).
DOI 10.2478/jeppm-2020-0022

1. Introduction

In order to achieve greater efficiency and competitiveness,
many companies began to invest in constructive
rationalization processes. These new management actions
can lead to changes in all phases of production (planning,
design, execution, control, supplies, market, human
resources, and technical assistance), implying the

accomplishment of technical, administrative and financial
activities, which need to be effectively coordinated to
provide the expected result in terms of time, quality and
cost demands (Hwang and Yeo, 2011).

In this manner, the old masonry execution processes,
characterized by low productivity and unsatisfactory
geometric uniformization has provided an opportunity for
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the rise of new production protocols. Zhang et al. (2018)
affirm that the efficiency and quality of masonry structures
could be improved, despite the evolution of regulations and
requirements of the construction process.

One such changes are the use of masonry project
designs, which considers aspects such as modulation of the
blocks, interference with construction systems, such as
plumbing and electrical, opening sizes, etc. (Parsekian et
al. 2018). These decisions are now made in the project
planning phase, ensuring a proper fit between the blocks
and uniform mortar joints, which means increasing the
integrity and stability of the masonry walls, as well as
decreasing material waste, streamlining of production,
higher quality, amongst other advantages (Parsekian et al.
2018, Zhang et al. 2018).

Projects for the execution of masonry walls provide
rationalization of the construction, providing benefits such
as reductions in cost, schedule, rework, workflow cycle
time, and errors in contract documents (Love et al., 2013).

This paper seeks to show the importance of masonry
projects that rationalize the building process of masonry
walls, by portraying the types of blocks and shapes in their
respective layers, the interaction with other systems,
changes in direction and insertions of doors and windows,
amongst other guidelines that help workers to improve the
process. Usually, such project guidelines for masonry
structures are only on focus when the system is structural
(load-bearing). However, there are many applications for
this technique for non-load bearing walls that should also
get enough attention since its process is intricate and time-
consuming when not properly planned ahead.

Therefore, this work aims to present the potential
improvement of labor productivity values by providing a
masonry wall layout project to the responsible crew, to
guide field construction. With the use of statistical
treatments (normality tests, hypothesis tests, T-test, Ficher
test, and P-value) the productivity improvements obtained
by the implementation of the layout project were tested and
confirmed. Masonry modular solutions were not part of
this scope, despite also being considered a form of
rationalization. Productivity influence factors also were
not part of the intended discussion. The intention of this
case study was to prove how the simple presentation of the
layout project to the responsible crew can improve
productivity.

The goals are: (1) to collect labor productivity data
from the crews responsible for constructing the masonry
walls, with and without contact with the masonry wall
project design; and finally, (2) to analyze this intervention
of the masonry process by statistical means.

2. Literature Review
2.1. Labor Productivity

Productivity can be defined as the efficiency in
transforming inputs into outputs that comply with the
objectives set for a process (Thomas and Yiakoumis, 1987,
Souza, 2006) being one of the main concerns of the
construction industry. So, it is important that contractors
and construction managers are familiarized with the main
methods for assessing the productivity of equipment and
workers (Shehata and El-Gohary, 2011).

Popular methods amongst the ones discussed in the
literature include work sampling, which proposes to look

at a composition of a workday, divided in productive time,
in which the workers are actually performing the activity,
and non-productive time, when the workers are waiting
for instructions, having breaks, handling material and
tools, etc. (Hajikazemi et al., 2017). Activity analysis,
another method, is an extension of work sampling where
continuous improvement is a demand (Gouett et al.,
2011).

Yi and Chan (2014) discuss the indicator of hourly
outputs to quantify productivity in a micro-perspective.
According to them, the indicator is widely used at the level
of world literature (Thomas and Yiakoumis, 1987; Sanders
and Thomas, 1991; Hanna et al., 2008). In Brazil, this
indicator is the most commonly used, going by the name
Unitary Ratio of Production (RUP), which relates to the
total amount of hours worked and the quantity of service
performed by the teams during the same period, as shown
in Eq. (1). Man-hours employed, and work produced are
measured and compared to past records or to other firms to
obtain measurements of efficiency (Enshassi et al., 2007,
Thomas and Napolitan, 1995; El-Mashaleh et al., 2001).

Man — Hours (Mh)
RUP = : ” 2
Service Quantity (m?) (1)

Higher values indicate poor productivity, while lower
values indicate good productivity measures. Therefore,
according to Yi and Chan (2014), construction labor
productivity (CLP) can be defined as shown in Eq. 2:

Actual Work Hours
Installed Quantity )

CLP = RUP =

RUPgiy indicates the factors outcomes in a working
day. The cumulative indicator (RUP cumutative) presents the
accumulated amount of man-hours spent since the
beginning of the process and the quantity produced in the
same period, indicating the service performance, as
shown in Eq. (3). The potential indicator (RUPyoential) 18
calculated by the median of values of RUPg,yy that are
lower than the RUPcumutative value, as shown in Eq. (4).
This is defined as a daily RUP value that has translated
well and is achievable based on the RUP values collected
(Souza, 2005; Martins, 2013). Since the potential value
reflects the best productivity of the period, it works as a
first goal to have in mind when concerning productivity
improvement. The productivity improvement is
demonstrated by reducing the RUP rates (Yi and Chan,
2014).

L, Man — Hours (Mh)

RUP.ym =
cum T yn | Service Quantity (m?) 3)
2 RUPgajy
RUP,ot = ————=|RUPqa.iy < RUP,
po n(RUPdaily) I dally = cuml (4)

2.2. Masonry Walls Project Design as an Attempt to
Improve Productivity

Masonry activities are usually studied with the aim of
improving labor productivity since it is labor-intensive
construction activity (Florez, 2017). As an example,
Enshassi et al. (2007) measured the labor productivity for
masonry works from nine construction projects in the Gaza
Strip to acquire baseline productivity and apply a
benchmarking method.
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According to Sanders and Thomas (1991),
understanding the factors that affect the masonry labor
productivity would assist designers to create more efficient
structures and enabling better estimations to manage
masonry projects. After such an assessment, Naoum (2016)
pointed out that design improvements show high potential
for productivity improvement. Project complexity should
be followed by a concern with design rationalization.

Zaki et al. (2017) commented that planning the
modular layout of the blocks seeks the maximum use of
them in order to reduce cutting wastes and minimize the
impacts on productivity. Furthermore, the authors
established that the planned design of the masonry allows
better performance in the inter-location of the blocks.

In order to begin a masonry project design, the
architecture, structure, and installations projects are
analyzed and made compatible. Sanders and Thomas
(1991) indicate that in a masonry project design the
specific construction requirements and the construction
methods used by the contractor to complete the work
should be considered.

The masonry project must present a specification of all
the necessary building materials, a description of the
construction (how to rent the walls, how to perform the
corners), and all the necessary graphic elements. Lordsleem
Jr. (2000) highlight that most projects scopes include:

a) masonry components specification: type of blocks
and mortar composition and dosage;

b) project plant marking the first line of blocks,
incorporated to architectural, structural, installations and
other projects, associated with horizontal disposal of
blocks;

c) wall elevations, showing interferences with other
systems components, like frames or switchboards;

d) complementary technical specifications of materials
and other components, production method and application,
structure preparation, fixation method, link components,
pre-fabrication, execution sequence and connection to the
structure of the building.

Given the potential increase of productivity rates and
other improvements, by the use of masonry project designs
in field construction, and the importance of assessing labor
productivity in labor-intensive activities, this work
analyzed the impact in the labor productivity of a
construction site in Brazil after making available to the
crew a masonry walls project design to guide field
construction.

3. Methodology

This paper investigated a change of masonry-labor
productivity in an enterprise after the implementation of a
masonry-labor project. It also evaluated the impacts of the
implementation of the project on construction sites and the
difficulties encountered in its development. The main steps
of the methodology used can be seen in Figure 1.
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Fig. 1. Research method (source: the authors)

The company here portrayed was chosen because it
already showed interest in using masonry layout projects,
providing a layout project for the construction case, as

shown in Figure 2, but did not use it in its full, lacking the
implantation of the modulation solutions of the ceramic
blocks. The modulation guarantees the rationalization of
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the construction and allows the achievement of high
productivity, besides reducing the waste with adjustments.
The interest of the company in adopting such a tool was
ideal, as it expected to facilitate the acceptance of the
research protocols in the field.

The project consisted of three residential buildings, with
a total constructed area of 37,757.21 m?, distributed in three
towers. Only tower 3 was analyzed in this study, for this
was the only tower going through the masonry phase of
execution. Each tower has 24 standard floors, as well as a
mezzanine, ground floor, basement, and roof. In order to
collect the productivity data, a scorecard was elaborated as
can be seen in Figure 3. This scorecard included the date,
measurement time, employee identification, level number,
and masonry place identification (internal or external). For
this study, the information regarding the consumption of
blocks will not be studied.

For the calculation of productivity, three types of data
were required: labor expressed in Man-hours; the quantity
of masonry (m?); and information regarding extraordinary
daily occurrences. The quantity of service was obtained
from the architectural plant, considering only the effective
area, thus discounting all areas not filled by mortar or block
and also not considering openings on walls.

Productivity was measured on a daily, cumulative, and
potential basis. The data was collected through observation
and recording of 57 consecutive days, being 27 days before
the project implementation and 30 consecutive days after.
The RUP of four teams was followed during the study, each
team composed of one mason and one auxiliary. The
observed teams remained the same throughout the
observation period, and climate changes were not
significant as to interfere with the activity since they were
performed under covered spaces.
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3/4 Ceramic Block
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2 1/2 Ceramic Block
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Fig. 2. Masonry-labor project of studied floors (source: the authors)
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PRODUCTION AND CONSUPTION SCORECARD
Construction site identification
Block: Floor: | Supervisor:
Observation date and time
Date: / | Observation time:
Production register
Elevation ID Elevation depth Worker name Internal masonry | External Masonry
Block consumption
Nipe Standard consumption Real consumption
Whole Whole
Ceramic - -
Blgck a a
) Y
Ceramic Brick Massif Massif
Middle 11,5x19x39 11,5x19x39
Concrete
Observations:

Fig. 3. Scorecard for registering productivity in loco (source: the authors)

The statistical analysis proceeded with the intention to
prove that the masonry-labor project interferes in the
schedule, specifically reducing the execution period, as
well as improving the quality of the executed service.
According to Werkema (1996), in order to make a
statistical inference, hypothesis tests should be performed.
To achieve this objective, data were quantitatively treated
by statistical tests using the IBM SPSS 24 statistical
software. To evaluate the hypothesis studied, the following
procedures were established:

e In order to obtain information on the corresponding
populations, the population parameters were obtained,
more specifically mean, median, confidence intervals and
coefficient of variation, amongst others (Werkema, 1996);

o Verify that the sample values are within the specified
limits, considering its confidence intervals and asymmetry
compared to its histograms (Uddin et al., 2011);

e To evaluate whether the dataset complies with the
principles of a normal distribution, which is essential to
decide which hypothesis test to choose, the Kolmogorov-
Smirnov and Shapiro-Wilk tests were performed;

e The productivity performance was analyzed by two
tests (t-test and F-test) under a normal distribution
(Arambula and Gharaibeh, 2014). The F-test is used to
compare if daily productivity changes between the two
samples and the t-test are used to compare whether the
mean of the post-project-phase data is adjusted in relation
to the data from the predecessor phase.

e For analysis of data variability and the RUP
calculation parameters (service quantity and man-hour)
influence, the Response Surface Methodology (RSM) was
used, creating response surfaces with Statsoft® software
for before and after the project implementation.

For all the statistical analyzes of this work, the
confidence level used was 95%. The goal is therefore to

demonstrate a relationship between productivity and
project implementation.

4. Analysis and Results

In order to analyze the collected data, a comparison of RUPs
calculated using data from before and after the
implementation of the masonry-labor project was made,
allowing it to trace a history of work in the construction site.

4.1. Productivity analysis

The variables analyzed in the tests are considered
quantitative (assuming numerical values) and continuous
(obtained by means of measurements and not counts).
Values for daily, cumulative, and potential RUP values
corresponding to the 27 days of data collection related to
the stage prior to the project implementation, and the data
corresponding to the 30 days period after the project
implementation are both presented in Table 1.

Figure 4 is a graphical representation of the data
collected. It indicates the high variability of daily RUP
under the two conditions of research, which is in
accordance with the model of factors presented by Thomas
and Yakoumis (1987). This comparison led to the initial
conclusion that there is an overall decrease in daily RUP
values after the implementation of the masonry-labor
project, which means there is an increase in productivity
associated with this condition.

The values obtained for the central tendency and
dispersion measurements are shown in Table 2. The
asymmetry coefficient, for instance, is used to indicate
how much the frequency distribution moves away from the
symmetry. Asymmetry values equal to zero indicate that
the distribution is symmetric; if it is positive, the
distribution is asymmetric on the right and if it is negative,
it is asymmetric on the left (Werkema, 1996).
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Fig. 4. Variability of RUP comparing conditions without a masonry wall project design and with a masonry wall project
design. (source: the authors)

Table 1. Values for daily, cumulative, and potential RUP
(source: the authors)

Table 2. Descriptive analysis of data acquired.
Source: Authors.

Without a Masonry Wall With a Masonry Wall Without a Without a
Project Design Project Design Aspect Masonry Wall Masonry Wall
Da RUPd RUPcum RUPpot RUPd RUPcum RUPpot Project Design ~ Project Design
Y (M) (Mivi?) (M) (M) (M) (M) Davs (N) 27 30
; 0.36 036 0-32 0.38 Mean 0.5163 0.3789
X g'zz g'zz 836 ggg Mean standard error 00259 0.0178
' ' ’ ' Medi 0.4955 0.3601
4 045 042 044 034 Ste ;andd » o 1300 00072
5043 042 047 037 andara ceviation o '
6 035 0.40 040 040 Variance 0.0180 0.0090
7058 042 0.54 041 Asymmetry 1.205 0.441
8§ 044 043 042 041 Curtose 1.553 -0-860
9 060 044 0.58  0.43 Amplitude 0.52 0.34
10 086  0.44 054 043 Minimum 0.35 0.24
11 039 044 036  0.43 Maximum 0.87 0.58
12 044 044 024 039 COéftf}cwnt of 0.2606 0.2566
13 054 045 034 038 vatiation .
14 055 045 0495 024 036 Inferior 4 4630 0.3432
s 0'70 0'47 ) 0'52 0'37 95% Confidence Limit ’ ’
: : : : Interval for Average Superior
0.30 g p
16 050 047 026 036 Limg 0209 04230
17057 0.48 0.31 035 For both pre-project sample and post-project sample,
18 0.50 0.48 032 035 the distribution is positive asymmetric (right); with the
19 043 0.48 034 035 second condition being closer to zero, thus indicating
20 059 0.48 046 036 lower variance. This factor indicates that the post-
implantation data present a more reliable average when
2106l 0.49 043 0.36 compared to those obtained in the non-project phase. In the
22059 0.49 0.36  0.36 case of the post-project sample, the positive asymmetry is
23 0.87 0.51 030 0.36 on the right, with a value closer to zero.
24 047 0.51 055 036 Another analysis of these data shows that the upper
25 038 050 0.38 036 limit of the confidence interval from the mean to the post-
26 0.51 0.50 0.27 035 implantation stage (0.423 Mh/m?) is inferior to the lower
27 037 0.49 030 036 limit of the condition without the project (0.463 Mh/m?),
28 032 036 indicating that there is no intersection, within the
i i ) ’ ' confidence interval, among the distributions. This allows
29 : - - 0.31  0.36 the conclusion that the implementation of the project
30 - - - 039 035
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interferes with the productivity of the masonry service,
with a high degree of confidence.

The histograms shown in Figure 5 are a result of the
obtained data inserted in the SPSS program.

Productivity Before Project Implementation

109
o
gx
< 6 -
g
=
2
S
"
| [
T T T T T
10 30 50 70 90
Daily RUP
(a)
Productivity After Project Implementation
- I L
10 [0
89 re
5
ISR Fe
=4
2
=9
4 4

T
10 30 50 70 80

Daily RUP
(b)

Fig. 5. Histograms of the productivity distribution in
condition (a) without a masonry wall project design (b)
with a masonry wall project design. (source: the authors)

According to Montgomery and Runger (2009, p. 127),
histograms are visual dispositions of the frequency
distribution. The histograms obtained and illustrated in
Figure 5 are symmetrical and bell-shaped, thus helping
conclude that they deal with normal distributions.

In order to decide which hypothesis test is appropriate
for a population, it is first necessary to know if the sample
truly presents normal distribution or not. The normality
tests chosen for this procedure are the Kolmogorov-
Smirnov (KS) and Shapiro-Wilk (SW) tests. Using the
SPSS 24 statistical package, those normality tests were
performed with a confidence level of 95% (significance
level (a) of 5%). The significance level, or alpha, is the
probability of rejecting the null hypothesis, given it’s true,
so, it should be kept as minimal as possible. According to
Ross (2011), a 95% level is a well stablished number by
statisticians after much work to achieve consistent reports.

The normality tests are also designed as a hypothesis
test: the null hypothesis Hy assumes normal distribution for
the population under analysis, and the alternative
hypothesis H; assumes nonnormal distribution. The p-

value obtained from the tests, in table 3, is related to the
cutoff on the distribution curve and it’s the probability,
given Hy is true, of observing a value equal or bigger than
what was really observed (Ross, 2011), which means it
should be kept at a minimal value of o to comply with the
standard settled for the problem. With those parameters in
mind, there are two possibilities: (i) if p-value < o, we
reject Ho, so it cannot be assumed that the dataset in
question has normal distribution; (ii) if p-value > a, we do
not reject Ho, that is, the normal distribution is a possible
distribution for the data set in question, that is, a low value
of significance (Sig or p-value <0,05) indicates that the
distribution of data differs significantly from a normal
distribution.

Despite the asymmetry of data in the two stages, it can
be seen in Tables 3 and 4, in the non-design stage, that the
KS test does not reject the normality hypothesis Hy (sig. =
0.200> 0.05, again for 95% confidence), but for the SW
test, the sample without design rejected Ho (Sig. equals
0.008 <0.05).

Table 3. Results for the Kolmogorov-Smirnov test.
Source: Authors.

Kolmogorov-Smirnov
Statistics df Sig. Conclusion
Before Project 0.133 27 0.20* Not to reject Ho

After Project  0.134 30 0.18 Not to reject Ho

*This is the inferior limit of true significance
*df — degrees of freedom

Table 4. Results for the Shapiro-Wilk test. Source: Authors.

Shapiro-Wilk

Statistics df  Sig. Conclusion
Without a
Masonry Wall 0.889 27 0.008 Rejects Ho
Project Design
With a
Masonry Wall  0.933 30 0.058 Not to reject Ho
Project Design

For the post-project sample, the Ho of Normality
hypothesis is not rejected in both tests, since all cases
presented values greater than the significance. Despite the
rejection of the null hypothesis for the sample without
project by the Shapiro-Wilk test, the histograms and the
other results showed previously endorse the assumption of
normal distribution. Also, as Montgomery and Runger
(2009, p. 79) asserted, with the increase in the number of
replicates of an experiment, these distributions tend to
become normal. Presenting normal function gives
credibility to the calculated RUP data. Next, hypothesis
tests were used to evaluate if the verified change in means
is related to the implementation of the masonry project.

4.2. Hypothesis tests on productivity parameters

Hypothesis tests are tools used for decision making, since
engineering decisions are generally made about a
population parameter, such as mean, standard deviation, or
proportion. In this case, decision-making is performed
based on sample values (Montgomery and Runger, 2009,
p- 178). A population is represented, in statistical tests, by
its mean or, more specifically, by the variance of its means.
The lower the variance of a population, the more precisely
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limited the data was, and more concise is the data. When a
significant interference in a population happens, the
variance should reflect it. As the descriptive analysis
indicated, there is a variability of the productivity measures
with and without a masonry wall project design, which
indicates that the population variances are unknown and
unequal. To evaluate if the duration of the masonry service
was affected by project implementation, the data presented
in Table 2, more specifically its means, were used to
perform a hypothesis test, adopting the level of
significance of o = 5%, in which:

e u; = productivity of masonry service without a
masonry wall project design;

¢ 1L = productivity of masonry service with a masonry
wall project design

A comparison of the means was carried out, in which
the parameter of interest is the reduction of the production
ratio (RUP) with the implementation of the masonry
project. Therefore, in this study, the null hypothesis Hy
assumed that there was no significant change in the
population, reflected by the relative maintenance of the
mean (W = ), and the alternative hypothesis H; assumed
the impact on the productivity of the masonry service (W
# MW2). Usually, when comparing populations after
interventions, the equality hypothesis is always the null
hypothesis.

Once the normality of the data distribution was
confirmed, the t-value and F-tests were performed, which
should confirm by means of the variances of the samples,
that both belong to the same sample population (Fonseca,
1996; Box et al., 2005, p. 47; Torman et al., 2012). Data
from the productivity samples in the SPSS program
yielded the hypothesis tests for T-test and F-test are
presented in Table 5.

Table 5. Results for the t-test and F test. Source: Authors.
Standard

Mean

difference Error fo df*
Non assumed
equal 0.137 0.031 4376 46.88
variances

Hartley’s test for equal variances:
F=1.918, Sig. = 0.0426
*df — degrees of freedom

As to =4.366> ta; v = 1.676, the null hypothesis of Ho:
[ = W was rejected at the significance level o = 0.05. As
the p-value = 0.0426 < a = 0.05, the decision is also to
reject the null hypothesis of Ho. In the analysis of the
Hartley test with the hypothesis that, after the
implementation of the project, the variability in production
would be reduced, the F test also showed a strong tendency
to reject Ho because of the equal variances in the two
samples, having Fo = 1.918> Fa; nl-1; n2-1 = 1.85.

Due to the results of the tests cited above, the rejection
of the null hypothesis proves to be valid, indicating that the
mean of the productivity was actually changed by the
project implementation. Therefore, evidence was obtained
to conclude the connection between the stages, that is, that

the average productivity index of the sealing masonry
service after the implementation of the project had an
average increase of approximately 26% in relation to the
phase without interventions, calculated according to the
mean values shown in Table 2.

Figure 6 shows the response surface results for the
collected data. In order to better understand the figure, the
Z-axis data, RUP, were placed on the same scale. It
allowed observing that the RUP after the project
implementation has less variability compared to pre-
project data, given the more regular format of the response
surface. Although some data of the post-project stage is in
the red zone, this zone is below 1 Mh/m?, unlike the red
area of the data surface prior to the implementation of the
project, which is above 2 Mh/m?. There is also a greater
variability of colors in the axis referring to man-hour in
relation to the axis of the daily quantity of services, which
indicates a greater influence of the first on the RUP values.

4.3. Further Discussions

Shenetal. (2011) carried out a series of statistical analyzes

of the productivity data collected in the USA and China
from various services, including masonry, in order to
demonstrate the influence of different working conditions.
The authors used as a method of measuring productivity an
index inversely proportional to what was studied in this
article (amount of service/hour). For the masonry service
with blocks in the dimensions of 8 in. (approximately
20.32 cm), the authors found 0.9 m?h in the USA and 1.3
m?*h in China. The average value found after the
implementation of the project was 0.3789 h/m?
Converting to the same unit of measure used in this study,
these authors obtained 2.64 m?h, indicating that the
production was higher than in the surveyed countries than
in the country of study.

Regarding management failures, Mahamid (2013)
showed that the lack of materials is one of the five factors
perceived by contractors as contributing to the worsening
of labor productivity, a problem also found in the work
studied here. Poor management of space and logistics,
another direct cause of productivity variation reported in
this study, was also found to be the cause of delays in case
studies conducted by Agyekum-Mensah and Knight
(2017).

Zaki et al. (2017) continue a series of papers that
discuss the modeling of masonry assembly in software
such as BIM and Autodesk® Revit. They emphasize that
masonry modeling, although previously mentioned in the
literature, still requires the involvement of the designer in
the process, due to the lack of tools that automate the
necessary detail of the masonry assembly project.

Pace (2019) showed the importance of the researches
that analyses project management from other perspectives,
to find the real influences, of strong correlation, to project
success. A masonry wall project design, as a tool mostly
used for structural calculation purposes only, can be a great
tool for project rationalization and for the successful
execution of other artisanal techniques such as masonry.
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Fig. 6. Surface results for the collected data (a) without a masonry project design (b) with a masonry project design
(source: the authors)

5. Conclusions

This study aimed at portraying the importance of planning
intricate and resource-demanding activities ahead of
execution and providing the appropriate tools to aid
execution in the field. Here, specifically, the building of
masonry walls was aided by using a masonry wall layout
project in the field, which guided the responsible crews.
The knowledge gap fulfilled by this research is the actual
implementation and intervention, with later quantification,
of the benefits related to the use of a masonry-labor project
in the productivity of such activity. The causes of such
variations on the productivity data other than the project
implementation were not explored.

The conclusion reached in this study indicated that the
reduction of the RUP, which complies with the increase of
productivity, was in the order of 26% due to the
implantation of the masonry project, an instrument of
rationalization of production. The variability between the
studied conditions was confirmedly attributed to the
intervention of the masonry project by the hypothesis tests.
The improvement of masonry activity due to a management
tool such as the masonry project shows the importance of
enabling the crew with appropriate materials and
information to achieve better results.

As a suggestion to future applications of the masonry
layout project in the field, it is important to combine such
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tools with other management techniques, considering the
gain of productivity and, consequently, the change in the
workflow. Thus, with the implementation of the project to
produce masonry walls, it is possible to contribute directly
to the increase in productivity. This result has an impact on
many practical aspects, such as crew sizes, changes in
budgets, and schedules with the potential to relate to
sustainability issues in the production. It can also be
valuable to study different masonry modular solutions
implemented in a construction site and how demanding
each solution can be. The translation of this
implementation process can be tracked by productivity
improvement, as seen in this case study.
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