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ABSTRACT

The study of making-do contributes to improvements in the planning and control of
construction sites, thus minimizing waste. The present study aims to investigate and
analyze waste by making-do in seven companies from Goias with the aid of a Dashboard
and perform the risk analysis of the identified waste. Data were analyzed during technical
visits at each site, among which the direct non-participant observation, questionnaire
application and document analysis stand out. The analysis of the data indicated that most
of waste is related to steps of sealing and structure within the construction sites, in
particular, for components connected to plastering and concreting. The main impact of
waste by making-do was rework followed by reduced security. The risk analysis was able
to identify the main points according to their severity, which guided management and
decision making. As final contributions, the main impacts and suggestions to minimize
them are presented. Therefore, the aim to study making-do is highlighted in view of its
relation with other areas of construction, mainly linked to the quality and safety of
construction sites.
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INTRODUCTION

According to Koskela (1992), waste creates an environment where it is possible to reduce
waste, reduce costs and increase customer satisfaction, factors considered essential for
the competitiveness of companies.

In addition to the seven types of waste identified by Ohno (1998), Koskela (2004)
proposed a new waste category, related to the beginning of a task without all its inputs,
or when it has its continued execution, even with the assignment of one or more of them,
called making-do waste. Bolviken et al. (2014) define making-do as a central waste in
construction, as it is the possible cause of other waste.

In Brazil, the waste proposed by Koskela (2004) has been increased in several
construction sites. Sommer (2010) associates the theme to improvisations at construction
sites and lists the preconditions, categories and impacts arising from it. Ledo (2014) and
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Santos and Santos, (2017) analyze the waste by making-do relating them to the integrated
control of production and quality at construction sites, and to unfinished work and cycle
time, respectively.

In Goiania, the making-do waste survey is part of a research group, in which data were
collected from seven construction companies to identify the making-do waste and its
impacts (Brandao and Elias 2018, Dinoah et al. 2018, Braga 2018). Due to necessity to
work with a larger sample and its difficulties in coding and data analysis, the present work
aims to establish a method to identify and analyze waste by making-do through a dynamic
spreadsheet to analyze the data dynamically, crossed and simultaneously.

THEORETICAL FRAMEWORK

DEFINITIONS AND CLASSIFICATIONS OF WASTE

The concept of waste should be understood as any inefficiency in the use of equipment,
materials, labor and capital in larger quantities than those necessary for the construction
of the building (Formoso et al. 1997).

According to Shingo (1989), Ohno (1997), Koskela (1992), Formoso et al. 1997, Polat
and Ballard (2004), unnecessary activities that generate costs and do not add value to the
final product are considered waste.

Soilbelman (1993) states that waste reduction must consider that there is an acceptable
level of waste, which can only be reduced through significant changes in the company's
technological and managerial development level. Thus, the aforementioned author
classifies waste as: a) Unavoidable waste (or natural waste): it corresponds to an
acceptable level of waste, in which the investment necessary for its reduction is greater
than the savings generated, and; b) Avoidable waste: they occur when the costs of
occurrence are substantially greater than the costs of prevention.

Formoso (1997), in turn, proposed eight categories of waste, adding the substitution
waste to the seven categories presented by Ohno (1997). The eight categories of waste:
by overproduction: production above schedule or before the necessary period; by
substitution: use of materials with higher performance than necessary; waiting: long time
to start the task, lack of synchronization and balance of the production process, breakage
of machines, delay in the delivery of materials (Shingo 1989); by transport: excessive
movement of materials or components; by processing itself: performing unnecessary or
wrong activities during processing; in stock: unnecessary existence of stocks at high
levels; in movement: unnecessary movements made by operators during activities; for the
manufacture of defective products: manufacture of products, parts or components that do
not meet the specified quality and / or performance requirements.

Shingo (1989) highlights two other types of waste, considered abstractions of the
categories mentioned above, which are: work in progress, which falls under
overproduction waste; and rework, which falls under processing waste.

Koskela (2004), on the other hand, references the waste from making-do, which are
those that occur when a task starts without all its inputs, necessary resources, or when it
has its execution continued, even with the assignment of one or more inputs. For the
aforementioned author, the term making-do has a negative buffer connotation, that is, it
opposes the situation in which the task starts with an excessive stock of available
resources. That is, making-do means improvisation, in the sense of performing an activity
with what is available.
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For Fireman (2012), making-do can be defined as the reduction in the performance of
the productive system due to the execution of activities in suboptimal conditions.

Koskela (2000), Sommer (2010) and Fireman (2012) and Sommer and Formoso
(2010), have identified some necessary prerequisites, categories and possible impacts of
waste by making-do. Sommer (2010) and Fireman (2012) totaled eight categories of
waste by making-do. The following are the categories of waste created by the authors:
Access/mobility: related to the space, means or form of positioning of those who perform
the tasks; Component adjustments: related to the existence of any unexpected adjustment
that is necessary for the use of components or construction elements not suitable for
carrying out the tasks; Work area: refers to the work bench or support area during the
activities performed; Storage: organization of materials or components in places not
prepared to receive them; Equipment/tools: created or adapted for use during activities;
Provisional installations: created or adapted for use during activities; Protection: form of
use of protection systems; Sequencing: change by the team in the production sequence.

Waste is caused by the lack or poor execution of a set of preconditions or prerequisites
necessary to start an activity. Koskela (2000) identified seven items of prerequisites and
Sommer (2010) presented a study that grouped some items and created eight other items:
Information: adequate information regarding plans, studies or work is not available;
Materials and components: activity with quality, quantity and within the design
specifications and standards; Labor: the necessary human resources, in number or
qualification, is not available; Equipment: is not available, does not work or is not suitable
for the tasks; Space: there is no access to the work area, circulation or material storage;
Interconnected services: activities with high interdependence compromise the execution
of subsequent tasks; External conditions: wind, rain or extreme temperatures; Installations:
do not meet the needs for the execution of work packages, including: provisional
electrical and hydraulic installations, site security installations, isolation of stock areas,
scaffolding and closures.

CAUSES OF WASTE DUE TO MAKING-DO IN CIVIL CONSTRUCTION

According to Koskela (2004), construction processes involve a large number of inflows,
which can be classified into the following categories: design, materials and components,
labor, equipment, space, interdependent services and external conditions. The author
suggests that problems that are initially disregarded can end up creating obstacles in the
progress of tasks. Correct execution of construction planning and anticipating task needs
are effective ways to avoid waste from making-do.

Machado (2003) studied the systematic use of managerial anticipations in production
planning. For this author, these anticipations would be the result of the experience of
previous projects, aiming at providing the necessary resources for the execution of the
services.

Thus, so that improvisations do not occur, it is necessary to have minimum conditions
for the beginning, development and completion of tasks, which must be obtained through
the identification and removal of their prerequisites (Sommer 2010).

IDENTIFICATION AND CLASSIFICATION METHOD OF WASTE BY MAKING-DO

Santos (2004) proposed an activity concept that, by means of removing restrictions or by
management anticipation, brings improvements to a given process. These activities are
improvement actions implemented in a given sector to make processes more efficient and
effective. According to the author, facilitating activities are those that contribute to avoid
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interruptions in the process. They are related to the concept of continuous improvement
and provide a continuous flow of production that reduces the chances of waste due to
making-do.

Based on the classification of incoming flows in the construction processes, Sommer
(2010) proposed a method for identifying making-do at construction sites. This
proposition took into consideration the assumptions of the authors Koskela (2004), Santos
(2004), Ballard (2000) and Machado (2003) (Figure 1).
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Figure 1: Classification of input flows in construction processes
(Figure in Sommer (2010))

Sommer (2010) determined the preconditions, which, once not met, could cause making-
do, and created seven categories for the classification of making-do. Table 1 shows the
categories, preconditions and impacts on production, proposed by Koskela (2000),
Sommer (2010) and Fireman (2012).

Table 1: Classification of waste by making-do (Table in Santos and Santos (2017))

IDENTIFICATION/ AUTHO PRE AUTHOR IMPACT/ AUTHO
CATEGORY R CONDITION EVALUATION R
Access / mobility Information Low productivity
A Materials and Decreasing
Adjusting components .
components quality
Work area Labor Rework
it;){:ﬁ;ésgfitr%fponents Equipment / Tools Sommer Materials waste =~ Sommer
Sommer (2010) (2010)

Equipment / tools (2010) Space Koskela Compromises

(2000) security
Provisional installation:
. Interconnected N
water and electricity . Demotivation
services
supply
Protection Exter.n‘al
conditions
Sequencing Fireman Installations Sommer Lack of Fireman
(2012) space (2010) terminality (2012)
infrastructure
work
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METHOD
RESEARCH CLASSIFICATION

An exploratory and descriptive study was carried out, through surveys at construction
sites, located to Goiania/GO, to qualitative and quantitatively identify events that caused
waste by making-do.

DATA COLLECTION

The criteria used for selection of companies were: 1) Interest in participating in academic
studies; 2) Having a Quality Management System (QMS) or mapped and monitored
processes, allowing access to information such as: plans and their follow-up, verification
sheets and services, checklists, among others; 3) Present projects in execution that it is
possible to collect data for research. With that, we worked with seven companies, with
more than 20 years of experience, of medium and large size and that work mostly with
residential buildings for high income. Only one company is not certified and the others
have PBQP-h - level A (Brazilian Quality System for Construction) and ISO certifications.
The size of the company respected the classification of the Support Service for Micro and
Small Enterprises (SEBRAE), which takes into account the number of employees per
company. Micro size companies have up to 9 employees, small companies from 20 to 99,
medium companies from 100 to 499 employees and large companies more than 500
employees

The data were collected between July, 2017 and August, 2018 and occurred in all
construction sites of the companies participating in the research. After this
characterization, we applied structured questionnaires to engineers and supervisors,
aiming to investigate waste by making-do related to construction processes and planning.
In addition to the questionnaires phase, unstructured interviews were conducted with
others technical professional in order to verify documentation, such as designs, list of
individual and collective protective equipment, and employee verification and control
sheets.

Questions related to project management, production planning and control (Long,
Medium and Short-term planning), Supply Chain Management (procurement process,
stock control and storage of materials, control of physical space, internal distribution of
supplies), Quality Management (Employee Training, Problem Solving, Performance
Evaluation, Motivational Policies for Employee Satisfaction).

Photographic records, notes and analysis of drawings and documents were carried out
to demonstrate facts and correct classification of waste. With photographic records and
notes at the construction sites, at the end of each follow-up, we sought to analyze the
drawing associated with these activities in order to prove possible errors of execution,
which could cause or influence the identified waste.

For each site visited, we sought to verify the existence of the following documents:
schedule, short and medium term planning and service verification sheets.

DATA PROCESSING

The data collected were organized with the support of Excel software in a spreadsheet
(Figure 2). Filling out was done according to the definitions presented in Table 2. From
the data collected and classified, these were analyzed using the dynamic spreadsheet
Dashboard (Figure 3).
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Category
Impacts
Other waste

Prerequisites
Date

Company
Step
Sub-step
Description
Cause
Image
Team

Figure 2: Database model (Source: own authorship (2018))
Table 2: Classification of waste by making-do (Source: own authorship (2018))

PRE CONDITIONS CATEGORIES IMPACTS OTHER WASTE
Information Access / Mobility Decreaggd Substitution
productivity
Materials and Adjusting Demotivation Overproduction
components components
Labor Work Area Materials waste Waiting
Equipment and Tools Storage Rework Processing
Space Equipment / Tools Reduction of safety Defective product
Interdependent Installations . .
. - Quality reduction
services provisional
External conditions Protection Lack of terminality
Installations Sequencing Cost
Schedule
DASHBOARD:
H MAKING DO
****** oo iiels ANALYSIS

__Huig_i_

CATEGORIAS

PRE-REQUISITOS X ETAPAS

EQUIPE X ETAPAS
| i L } memoen

CATEGORIA POR EMPRESA

W oas .j(l J‘ I

PRE-REQUISITOS IMPACTOS PRINCIPAIS

Figure 3: Dashboard model (Source: own authorship (2018))

With the creation of the Dashboard, data were associated simultaneously and instantly,
promoting the crossing of information and different analyses in a short period of time.
The Dashboard analysis made possible to establish indexes and comparisons for further
analysis and definition of guidelines to reduce project waste. At the end, a risk analysis
was performed according to parameters defined by Fireman (2012), presented in Table 3.
According to Fireman (2012), in the risk analysis the severity of the case and its likelihood
of repetition are considered. The method proposed by this author is used in this work and
is based on a subjective and qualitative assessment of cases and allows its grouping into
three groups: high priority (black), intermediate priority (gray) and low priority (white)
(Table 3).
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Table 3: Matrix for risk assessment using severity and probability parameters
(Table 2 in Fireman (2012))

SEVERITY

PROBABILITY )
Very High-1  High - I M°d”aw Low - IV Very Low - V

A - Unlikely

B- Extremely
remote

C - Remote
D - Probable
E - Frequent

The severity criteria “Very High” and “High” were chosen for cases that affected the
safety of employees, significantly impacted the budget and schedule of the project and
required quick decisions by the management team. The “Moderate” criterion was chosen
for failures that did not require immediate decisions or that affected the project's schedule
and budget to a lesser extent. The “Low” and “Very Low” criteria were assigned to events
with quick and easy resolution and low impact on the project's schedule and budget.

The probability criterion was defined according to the number of occurrences of the
failures registered in the researched companies. The cases with high incidence were
defined as frequent, those with lower frequency as probable, and the cases with small
occurrences were distributed as unlikely, extremely remote and remote according to the
criteria exposed above.

As a result of crossing these criteria (Severity and Probability), the level of priority of
the collected failures was obtained, namely: high priority, intermediate priority and low
priority. With the definition of the priority classification of each case, we proceeded with
the calculation of the priority order for each category. This calculation was made by the
relationship between the number of cases in each category, for each priority, and the total
number of cases in each category.

RESULTS

The characterization of each construction site visited was carried out considering a
description of the site, the number of pavements, the main phases of execution in the
study period, the built area, the way in which the labor was hired, the observation period
and the expected delivery date of the work. Follow-ups were carried out during the
foundation, structure, masonry, installations, frames, plastering phases. Project are single-
family residential buildings of medium to high standard. The companies have their own
and outsourced labor.

Nine projects were monitored and one of them was used as a pilot for the creation of
the Dashboard, due to the greater collection of records.

CREATION OF A NEW CATEGORY

Following the monitoring of the nine projects, 207 making-do occurrences were recorded.

In the work that had the longest follow-up period of the research, it was possible to
verify the following contractual failure: start of outsourced activities without the
presentation of all necessary labor and safety documentation. We sought to verify at the
other construction sites if this contractual failure was frequent, which would justify the
creation of a new category of waste by making-do.
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We defined the types of documentation that compose the new category. Labor
documentation (contractor's contract, contract between contractor and subcontractors,
copy of municipal authorization, employee life insurance, social security certificates,
union contribution and company registration card, copies of ID cards) were included in
this category, work card, employment contract and employee record sheet) and security
(Environmental risk prevention program, occupational health medical control program,
PPE card, work order and copies of employees' occupational health certificates).

Also included in this category are machinery and environment operation
documentation required for particular services, when performed, such as a portfolio of
the Brazilian Institute of the Environment and Renewable Natural Resources (IBAMA),
specific function training and others.

RESULTS

Among all occurrences of making-do recorded in the researched survey, the “sequencing”
category stands out, with 41.55% of the registered cases (Figure 4).

45%, 41.55%
40%
35%

30%  24.15%
25%

20% 15.94%
15%
10% 5319% 6.28%
5% 2.90% 0.97% 2.90% -
O% || | | — — ——
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«@ Qv Q*v O O O C;« O
$ & & & &
o S ¥ & R
s & N
OeQ/ Q G
K
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Figure 4: Waste by making-do classified by categories (Source: own authorship (2018))

Sommer (2010) found in his work a value of 56% for the same category. Registered values
are considered high, since these companies have Quality Management Systems (QMS)
and have their standardized and monitored processes due to the mandatory
implementation of the QMS. It is highlighted that only company A has no certification.
The evaluation of the processes related to sequencing shows that there is a greater number
of failures in the sub-step “Masonry”, as shown in Figure 5.
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Figure 5: Sub-steps by category

According to the analyses carried out, this item had a higher incidence due to changes in
personalized apartments, which were sometimes sent to the construction site late, causing
changes in the masonry, which had already been carried out.

Regarding the missing prerequisites, “labor” stood out with 26.09% of total cases,
followed by “information” with 23.19% of cases (Figure 6).
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Figure 6: Percentage of prerequisites

This analysis is according to results obtained in relation to the sequencing category,
demonstrating that recurrent failures in the communication process (changes in
customized apartments, for example) influence directly failures during the execution of
masonry.

When analyzing main impacts of the making-do records, the rework was confirmed
with 27.05% of the main impacts generated, followed by the reduction of security, with
23.19% of the analyzed data (Figure 7).
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Figure 7: Main impacts

The high rate of rework is directly linked to the ineffective control between the activities
present at the construction site, control of projects and their changes and control of
execution and non-conformities. The failures of control and inspection of the various
processes were the main reasons found to justify this high rate, recorded in practically all
stages and sub-steps studied in construction sites. The high rate of safety reduction is due
to the inappropriate use of materials as a support for carrying out activities, failures in the
use of Personal Protective Equipment and the absence or non-conformity of Collective
Protection Equipment.

RISK ANALYSIS

The occurrences by making-do were classified according to severity and their probability
of occurrence (Table 02). Through the experience of researchers and with the help of the
work executors, records were also classified according to their probability of occurrence
(from improbable to frequent) and according to their severity (from very high to very low).
From this correlation, records were classified according to the need for intervention in
low, medium and high priority. Considering 207 making-do cases recorded, about 29%
were classified as high priority, followed by 60% as medium priority, and 11% as low
priority (Figure 8).

70% 66.28%
60%
50%
40%
30% 20.93%
20% 12.79%
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INTERMEDIARIA

Figure 8: Risk analysis of making-do cases
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Of the steps recorded in the survey, "safety" was the one with the highest number of
occurrences that do not have high intervention priority, with around 83.33% of cases. The
records related to “Installations” had a greater need for interventions, with approximately
65.22% of these cases.

CONCLUSIONS

The objective of establishing a method to identify and analyze waste by making-do
through a dynamic spreadsheet to analyze the data in a dynamic, crossed and
simultaneous way was met. The dynamics of the results obtained, using this tool, provides
an analysis of the various factors involved in the records collected, serving as a basis for
making managerial decisions.

The number of making-do events identified was relatively high in this paper. This
occurs in a similar way to the results of previous studies by Formoso et a/. (2002), Horman
and Kenley (2005), Formoso et al. (2017), that pointed out that the numbers of waste tend
to be reasonably high in the construction industry, regardless of the category of waste
being investigated.

Also noteworthy is the convergence between previous papers by Brandao and Elias
(2018) and Braga (2018), in which sequencing was the category with the highest
incidence, followed by component adjustment and protection. Rework and safety
reduction were the main impacts of making-do waste of the survey, in conjunction with
the results obtained by Sommer (2010), Brandao and Elias (2018) and Braga (2018).
Reduction security is highlighted as the high impact with greater risk and need for
interventions.

It is noteworthy that situations of records, processes and particularities of each work
influence collected data. As result of these factors, it is suggested to expand the sample
to other states and analyze them considering construction processes and typologies.
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