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Development of a Framework for Waste Reduction in Structural Design Phase of

Construction Projects

A. Aka', F. Emuze’, D. Das’ and B. Awuzie'

Abstract

The absence of an effective [framework _for measuring and eradicating non-value adding activities (NVAA) in the

structural design process (SDP) bas led to waste that

informed framework that can be adopted by structural
Lean informed frameworks based on tools such as Kanban,
were reviewed. The outcomes
are common regarding the elimination of waste in the design
Houwever, none of the tools has been used to reduce waste in the SDP. A subsequent
tools suggests that VSM is the most suitable tool that is
framework ;
identify and reduce waste in their practices. The applicability and usefulness of the proposed framework. as U
enables structural designers to perceive the various activities

supported by the results of the study, although the credibility

value stream mapping (VSM)
aforementioned tools

investigation. Therefore, VSM was used to develop a

affect construction perform '
engineers to identify and reduce wastes in

ance. 1his paper pm:rfdei a lean
their practices.
A3 problem-solving repor?, 5 Whys, Kaizen, and
of the reviewed literature indicate that the

and construction process.
careful appraisal of all the
capable of conceptualhzing the problem under
that can be adopted by structural engineers 10

that could be trimmed in each phase of the 5 DP is
of the framework is currently being examined by

groups of consulting engineers located in Bloemfontein South Africa.

Keywords: Construction, Design, Framework, Lean, Structure, Waste.

Introduction

The structural design process (SDP) of a
construction project entails a systematic
means of investigating the stability, strength,
and rigidity of a structure (Al Nageim ez 4/,
2010). Its main objective in a project is to
produce a structure that is capable of
withstanding all imposed loads without failure
during its intended lifetime (Nelson e 4,
1988). The process is made up of five distinct
phases that are full of non-value adding
activities (NVAA) that constitute waste in
projects (Melhado & Agopyan, 1996; Al-
Aomar, 2012; Ko & Chung, 2014; Aka ¢ 4/,
2017).

Waste in this context has been described as
any form of unnecessary work done and
material loss that can increase production
costs, whilst adding no value to the product
itself (Koskela, 1992). Such unnecessary work
done and material loss include waiting time,
quality costs, lack of safety, rework,
unnecessary transportation trips or long
distances, improper management procedures,
wotk not done, excessive vigilance,
incomplete work, and poor constructability

42

(Koskela, 1992). Studies by Womack and
Jones (2003), Koskenvesa ef a/. (201 0), Zoya-
Kpamma and Adjei-Kumi (2011), Al-Aomar
(2012) and Koskela ez a/ (2013) reveal that
waste can also be defined as any activity that
produces costs directly or indirectly and takes
time, resources or requires storage, but does
not add value or progress to a particular
product.

The previously mentioned definitions indicate
that the causes of waste in construction have
been the subject of several studies (Li ¢ 4,
2008; Mossman, 2009; Nagapan ef a4/, 2012;
Koskela ¢z a/, 2013). One main set of causes
are the problems that are not detected in the
design phase of projects (Zoya-Kpamma &
Adjei-Kumi, 2011; Ko & Chung, 2014).
Hence, the design phase is the most crtical
aspect of a project (AbdelSalam e 4/, 2010;
Koskela ¢f al, 2013). The phase is critical as it
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1997; Holweg, 2007; Liker & Michael, 2008).
Koskela (1992) reveals that a growing number
of organizations has implemented  the
Kanban. For instance, the Kanban were first
adopted in  material and component
manufacturing, and latet 10 the design and the
construction phases of projects (Koskela,
1997).

Qacks and Goldin (2007) suggest that LC
adopts the principles of LP to create a new
way to manage construction projects. This
denotes that LC has the same goal as LP,
which is to meet customer needs in a better
way while using less of every available
resources (Koskela, 1992). Therefore, LC can
be referred to as the application of LP
nrinciples and practices 1n the design and the
construction phases of projects to maximize
value and to reduce waste (Koskela, 1997;
Ballard & Howell, 2003). From a research
perspective, one of the typical examples of
successful experience of the application of
lean principles in projects can be observed in
Brazilian construction industry (Conte &
Gransberg, 2001). Conte and Gransberg
(2001) implemented the five LP principles to
over 20 construction companies in Brazil. The
researchers concluded that application of lean
thinking in construction will lead to waste
reduction, and reduce the duration and the
overall cost of projects. Similarly, Thomas &
al. (2003) in their study proposed on how
projects variability can be reduced so as to
improve performance, and labour flow
reliability for better productivity through the
knowledge of the five lean principles and
tools.

LD is the application of lean concepts to the
design phase (DP) of a system (Czap, 2013;

to achieve the final ¢ hﬂ-ﬂ_lthc-ﬂ-r :
been used :

in architectur® =
OCesses desigt ~ " Loder?
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esses and on o b |
E:l‘;tructinn process (J orgen> 013)
According to Czap (2V

conventional mass-Pre

primarily % P

13) and 599
duction des’

duct
costs;

the implementation of LD (Ries, 201 1,:. Czap,
2013). This implies that LD is also using the
same LP principles, and techniques that are
originally developed by Womack ¢/ al. (1990)
to reduce waste, increase productivity and
effectiveness in the DP of a project. These

principles are succinctly described in the next
sub-sections.
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Table 1: A representation of lean thinking in Toyota Way

—

Toyota Foundations ___ Principles B
solving Continual organizational learning;
(continuous improvement View the situation first hand to

partners  Grow leaders who live the philosophy
teams,

grow them)
Process (eliminate waste)

_iPh.ilnsuphy

thoroughly understand it;
Make decisions slowly by consensus (consider

all options and Implement % .?ﬂ‘
develop, and challenge peop g

respect,

Res challenge and suppliers ¥
Cmptic;mms ‘flow’ mh:?;tal problems; :
Use pull system to avoid overproduction; 3
Level out workload;
Stop when there is a quality problem; |
Standardize tasks for continuous improvement, ol
o vaphs pu g £l
i tes 010 DEZ il
(long-term g:::zmgcmmt decisions on a loi-t:rm philosophy, even at RS cxp:_-";#c
A short-term financial goals f‘i‘
(Forbes & Ahmed, 2011: 50) e

Table 2: Benefits and limitations of some of the !Eplicable lean

tools in Emjéctﬂ

Lean tools Benefits

Limitations/weaknesses

Kanban __ Kanban enables a process to be streamlined which
enables a problem in the system to be resolved
quickly. It also allows materials to always be

available to meet production demands

solving report enables a process to be
comp:chnnsibleinamnwthat
thmhng and learning. Also, the

The A3

| A3 problem-
~ problem-

transparent and

report

and can be adopted easily by the

It is simple to use g

investigators without the need for any

VSM

to identify the root causes of the seven forms

L "

Eﬂcu—u: if it is : .. 2 - .,.-.-r""
system, and may bP*
e a 1;{5 ]

- =0 | T

only be ¢
monitored 1n nl; > _
difficult for an observer .
cause of a problem 1n 2 process W
Any form of interruptions mA?r

can create unnecessary delay 10 @ SySTEF
Also, A3 pmbm-sol.ving'l eftorts O
fail in implementation in @ process.

. J"l-'v-__l'

‘ T
TR - =
T F -

1 o

e
T
*

oo+ 4

=
. |
'.|"|.

. g T s T
g T e B T ik
L p TR Ny o - - o]
: Y alvl 1IN 4 svetes e o
L . S YLl
B S -
L F Jeeale i
i = R -
1 1 g
i 4'11. i) T = 1) 3
| . = |'" = b 2 L st
o " o i
- b -
-

X mh‘ -."”l I“L:“ ' e
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