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Abstract

Structural design process (SDP) consists of three processes of inception; preliminary design and detalil
design. Each of these processes is laden with waste that adversely affect project performance. Therefore,
this study seeks to identify such wastes so as to develop a mechanism for its effective management. To
achieve this, action research study was conducted in some consulting engineering firms situated in
Bloemfontein, South Africa. The outcomes of the research provides the platform for the development of a
suitable mechanism for reduction / elimination of waste in structural design process in the future study by
the researchers.
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1. INTRODUCTION

The design phase of construction projects is made up of three processes: the compilation process where
clients’ ideas and speculations are developed into physical drawings that define the needs and
requirements; the process where the drawings are judged standard or not by the appropriate authority and
the implementation process where the certified drawings are actualized and turned into physical structures
on site. However, the compilation process of construction design is laden with wastes that affect site
activities. Among these are defects (correction), and waiting time due to motion variability (Marzouk et al.,
2011:43; Al-Aomar, 2012: 109; Simms, 2007: 4). Waste is any activity that produces costs directly or
indirectly and takes time, resources or requires storage, but do not add value or progress to a particular
product (Koskela, 2013: 3; Al-Aomar, 2012: 105; Zoya-Kpamma and Adjei-Kumi, 2011: 102; and
Koskenvesa et al., 2010: 477). Waste in construction has been the subject of several research projects
around the world (Koskela, 2013: 3; Nagapan et al., 2012: 22; Mossman, 2009: 13 and Li et al., 2008:
915). Construction Industry Institute (Cll) (2005: 5) opines that project actors involved in construction
contribute to waste. This includes actors who design materials, plant and building; actors who specify and
communicate concepts; for example, the engineers, quantity surveyors and environmental specialists;
particularly site managers and site operators. Abdelsalam et al. (2010: 749) as well as Ndihokubwayo and
Haupt (2008: 126) suggest that clients could also be a source of waste through variation orders during the
design process. Osmani et al. (2008: 1147), Oladiran (2008: 1) and Gunhan (2007: 68) emphasize that
potential material waste in construction is caused by inefficiencies in design, procurement, material
handling, and operation.

A research study focusing on waste was conducted in United Kingdom (UK) to identify the most relevant
factors that produce wastes in construction design process (El. Reifi and Emmitt, 2013: 195; 2011: 50).
The study concluded that poor design management is a major source of waste. It is essential to know that
wastes in construction is not only focused on the quantity of materials on-site, but also on several activities
such as overproduction, waiting time, material handling, processing, inventories and movement of workers
(Ko and Chung, 2014: 464; Sahoo et al., 2008: 451 and Gunhan 2007: 68). These wastes can be
categorized as: rework, defects, delays, waiting, poor material allocation, unnecessary material handling
and material waste (Lopez et al., 2010: 399; Hwang et al., 2009: 187; Love et al., 2008: 234 and
Sommerville, 2007: 391). Zhanwen (2009: 1) categorized the various sources of waste in construction
project into eight deadly forms, which are: over-production, delays, unnecessary transport, inappropriate
process, inventory, unnecessary movement, making defective items and unexplored creativity of
employees. Zhanwen (2009: 3) further states that these wastes could occur during different phases of
construction project, most importantly, at the design phase (design errors and changes).

However, the highlighted wastes in construction projects can be reduced through the application of lean
concepts (Ko and Chung 2014: 463; Ko and Tsai, 2013: 2409; Ko and Chen, 2012: 101, Arayici et al.,



2011: 189 and Hicks, 2007: 233). According to Shah and Ward (2007: 785), lean production (LP) is an
integrated socio-technical system, which aims to eliminate waste by concurrently reducing supplier,
customer and internal variability. Lean Construction Institute-Australia (LCI-A) (2013: 1) defines lean
construction (LC) as a production managementbased project delivery system emphasizing the reliable
and speedy delivery of value. Womack and Jones (2003: 92) reveal that LP techniques are based on five
principles to guide management's actions toward success. These principles include:

. Precisely specify value in terms of a specific product;

. Identify the value stream for each product;

. Make value flow without interruptions;

. Let the customers pull value from the producers, and ¢ Pursue perfection.

The five lean principles have been adopted relatively quickly by construction industry in terms of services
to clients (Velarde et al., 2009: 77). The principles have however been slow to catch on in the aspect of
design where decisions have a major influence on the construction process (Zimina et al., 2012: 393 and
Bakry, 2010: 43). Chang et al. (2007: 2) observe that about 40% of the total construction period is wasted
due to design deficiencies. Ko and Chung (2014: 463), Abdelsalam et al. (2010: 749), Song et al. (2009:
12), Li et al. (2008: 915), and Chang et al. (2007: 1) opine that many of the problems confronted at the
construction phase are the results of ineffective decisions in design, which for variety of reasons result in
uncertainties where there is little option than to confront the problems. The design process is a phase at
which many of the construction wastes can easily be minimized (Song et al., 2009: 12; Li et al., 2008: 915
and Osmani, 2008: 1147). Despite project complexity, researchers had investigated how lean philosophy
could be applicable to construction design so as to weed out waste in the process (Marzouk et al., 2011:
42 and Yang, 2007: 1). Marzouk et al. (2011: 42) worked on computer simulation as a tool for assessing
the impact of applying lean principles to design processes in construction consultancy firms to aid decision
making at early stages of construction projects. A comprehensive model for the design process was built
by the researchers after which the principles of LC were depicted. The research concluded that applying
the five LC principles to design process significantly help in decisions making at early stages of
construction projects. Yang (2007: 1) proposes lean concept to every step and process of construction
design in order to form a superior project plans and introduce how design proposals are chosen to avoid
waste. The findings in the reviewed literature indicate that lean practices are now common place on
construction site / production activities, the design process is still largely unaffected by the principles.

2. PROBLEM STATEMENT

The compilation process of structural design is heavily loaded with wastes that affect site activities. Many
structural engineers carry out design tasks without putting these wastes into consideration. This has led
to wastes with consequent decline in construction industry performance. Song et al. (2009: 12) and Hwang
(2009: 187) opine that little interaction among the design and construction teams is the major causes of
defects in construction designs and the consequences on site are excessive request for information (RFI),
supervision, lack of constructability, inappropriate use of material, and a great number of change orders.
According to Simms (2007: 4), every form of monetary waste in construction design is over processing
and is caused by the substitution of a material for more expensive one; the execution of simple tasks by
an overqualified worker; or the use of highly sophisticated equipment where a much simpler one would be
enough. For instance, common among structural designers is the use of software that has high aesthetic
function without regard to its purchase and operating cost. Over processing can also occur at the
compilation process of construction design due to the creation of designs that are too complex to
understand on sites (Simms, 2007:4). Processing an order before it is needed or any processing that is
done on a routine schedule regardless of current demand is known as over production (Ohno, 1988: 45).
Printing of drawings that may change over time, production of too many drawings such as details and
sections that are not necessary needed on site but are produced by the designers in order to meet up with
the approval standard or requirements and excessive or unnecessary supervision of every task on site
before and after completion by different construction professionals are all forms of waste that can be
classified as over production.



In engineering process, motion is a form of waste that can be equated with the efficiency of the software
(Simms, 2007: 4). The number of clicks of a mouse button and the number of routines it takes to complete
a structural drawing before taking it for approval is motion that can be quantified and improved upon.
Simms (2007: 3) shows that the certification process of construction design also contribute to construction
waste as it determines the starting and finishing times of projects. Common problem associated with the
certification process of structural design is the waiting time required for the approval of work. Waiting for
the approval of work by appropriate authority before site activities commence takes longer time than
expected. Lean has been effectively adopted as a strategy for waste eradication in construction projects
(Marzouk et al., 2012: 1522; Bakry, 2010: 52; Zhanwen, 2009: 1 and Hicks, 2007: 233).

However, such principles have only been marginally used in SDP. Therefore, this research problem
statement state that 'lack of a mechanism for wastes identification and reduction in structural design
process promotes task conversion problems on construction sites'.

Based on the aforesaid, the intent of the research is to proffer context specific answers to the following
guestions:

. What type of waste is synonymous with the structural design process?

. What are the remote and immediate origins of such waste?

. What are the impacts of such waste on construction projects?

. How should lean construction remove waste in the structural design process?

. What mechanism should be used to remove waste in the structural design process?

. How should lean thinking drive practice in the structural design process in South Africa?
3. RESEARCH METHODOLOGY

Leedy and Ormrod (2009: 93) describe data as a link between absolute truth and the researcher's inquiring
mind. Leedy and Ormrod (2009: 93) further state that data contain facts, but in a state that may not be
easily understood and needs to be analysed and presented in a recognised research format for better
understanding. Data can be primary or secondary depending on the source (Yin, 2009: 52). A research
may require to be conducted with one of the two sources or combination of both. In this study, the two
sources of data were adopted.

The primary data were obtained from members of consulting engineers in

Bloemfontein, South Africa. The unit of analysis consist of a design team within each studied firm. In the
context of this study, professionals such as structural engineers’, designers and technologists that had
been working together as a team across various design projects (residential, commercial and industrial)
for over five years were the representation of the design team.

The secondary data are the existing literatures or information in the research area. The secondary data in
this study comprises of books, articles, and electronically retrieved information related to waste in
construction design process as well as the methods of eliminating the wastes.

3.1 Research Approach

Different approaches had been used extensively by many researchers to carry out research. Among these
are qualitative, quantitative, mixed methods (Morgan, 2007: 48 and Yin, 2009; 54) as well as action
research (Chein et al., 1948: 33; Buchy and Ahmed, 2007: 358 and Hughes, 2008: 1). The choice of
approach for a particular research may extensively depend on factors such as the nature of the research
or the type of information required. As this study tends to develop a mechanism that can improve the
current condition of SDP in South African construction, studies of such nature have the same approach
that is best described as actions research (AR) (Kemmis & McTaggart, 2007: 596 and lvankova, 2015:
33). The Open University (TOU) (2005: 4), Buchy and Ahmed (2007: 358) and Hughes (2008: 1) opine
that AR is any practical research undertaken by those involved in the practice area. It is a process of
enquiry by a researcher into the effectiveness of a particular organization. Kemmis & McTaggart (2007:
596) and Hinchy (2008) cited by Ivankova (2015: 33) concur with this definition that AR could be
participatory in nature (PAR) as it involves multiple stakeholders to generate knowledge.



McNiff and Whitehead (2011: 49) opine that the cyclical process in AR is a complex research approach
and should be incorporated with different methods from other approaches of data collection. This opinion
is aligned to the viewpoint espoused by Creswell and Tashakkori (2007: 306) that a researcher can adopt
any methodological idea to carry out a research once it is possible to utilize the approach in obtaining the
necessary information. According to Mill (2011: 19), a researcher could make use of either qualitative
(interview) or quantitative (questionnaire) approach in some or all the cycles involved in AR for data
collection. The researcher further opines that there are situations that could warrant a researcher to adopt
the two approaches in a single study. This approach is known as mixed method action research (MMAR).
Creswell and Tashakkori (2007: 306), James et al. (2008: 81), Mill (2011: 19) and Ivankova (2015: 50),
define MMAR as research design in which qualitative and quantitative approaches are incorporated into
AR in types of questions, research methods, data collection and analysis procedures, and / or inferences.
Typical example of a situation where MMAR is applicable according to Koshy et al. (2011) cited by
Ivankova (2015: 51) is when a research intends to be conducted in a health care centre where information
will be required from both the health workers and patients. Such research may be to improve the levels of
patients' satisfaction through staff services. In such a scenario, the required information from the health
workers will first be obtained through interviews.

Such information may be to understand some of the current problems confronting the centre as well as
the possible solutions. The data obtained through the interviews will then be used to create a change in
the health care centre after which questionnaire with semi-structured questions will be developed and
administered to the patients so as to evaluate the new change that might have been created. Mill (2011:
19) philosophy on MMAR is supported by Ivankova (2015: 50) in recent study in which the researcher
recommends the use of both qualitative and quantitative approaches for data collection in some of the
cycles involved in the MMAR methodological framework. Hence, the MMAR as recommended by Ivankova
(2015: 50) were adopted for this research. The proposed methodological framework is shown in figure 1.

Figure 1. Methodological Framework (MMAR Cycle) for SDP study.
4, CONCLUSION

This study seeks to identify waste in structural design process so as to development a mechanism for its
effective management. In other words, the outcomes of this study provides the platform for the
development of a suitable mechanism for reduction / elimination of waste in the SDP. The study also
reduces waste in South Africa construction which consequently reduced the stress level of construction



participants, create conducive working atmosphere and improve the quality as well as the performance
standard of the industry.

5. REFERENCES

Abdelsalam, S.S., Sritharan, S. and Suleiman, M.T. 2010. Current design and construction practices of
bridge pile foundations with emphasis on implementation of LRFD. Journal of Bridge Engineering, 15(6),
pp. 749-758.

Al-Aomar, R. 2012. Analysis of lean construction practices at Abu Dhabi construction industry. Lean
Construction Journal, 8(1), pp. 105-121.

Badger, T.G. 2000. Action research, change and methodological rigour, Journal of Nursing Management,
8(5), pp. 201-207.

Bakry, 1. 2010. Assessing design process in engineering consultancy firms using lean principles. MSc.
Thesis, Cairo University, Egypt. Pp. 43-52.

Buchy, M. and Ahmed, S. 2007. Social learning, academics and None Governmental Organizations: Can
the collaborative formula work? Action Research Journal, 5(4), pp. 358-377.

Chang, S.D., Shi, G.S., and Chou, Y.S. 2007. Courses for change order and remedy methods in the
construction phase. Grant number 96642, China Engineering Consultants, Inc. Chinese. Pp. 1-3.

Chein, S., Cook, S.W. and Harding, J. 1948. The field of action research. American Psychologist, 3(1), pp.
33-44.

Coghlan, D. and Brannick, T. 2010. Doing action research in your own organization, 3rd ed. London, Sage
publishing.

Construction Industry Institute 2005. Lean Principles in Construction, 191(1), the University of Texas at
Austin, pp. 1-44.

Creswell, JW. and Tashakkori (2007) Research Design, Qualitative, Qualitative and Mixed Methods
Approaches. London: Sage.

El-Kourd, R.M. 2009. A Study of lean construction practices in Gaza strip. MSc. Thesis. The Islamic
University of Gaza, pp. 25-28.

El. Reifi, M.H. and Emmitt, S. 2011. Lean design management: exploring perception and practice. In:
Architectural Management in the Digital Arena Proceedings, CIB-W096 Conference. Vienna, Austria, 13-
14 October 2011, pp. 50- 51.

El. Reifi, M.H. and Emmitt, S. 2013. Perception of lean design management, Architectural Engineering
and Design Management Journal, 9(3), pp. 195-208.

Gunhan, S., Arditi, D. and Doyle, J. 2007. Avoiding change orders in public school construction. Journal
of Professional Issues in Engineering Education and Practice, 133(1), pp. 67-73.

Hicks, B.J. 2007. Lean information management; Understanding and eliminating waste. International
Journal of Information Management, 27(4), pp. 233-249.

Holweg, M. 2007. The genealogy of lean production. Journal of operations management, 25(2), pp. 420-
437.

Hughes, I. 2008. Action research in healthcare. In Sage handbook of Action Research eds. Participative
Inquiry and Practice. London: Bradbury publishing. Pp. 1-3.



Hwang, B., Thomas, S.R., Haas, C.T. and Caldas, C.H. 2009. Measuring the impact of rework on
construction cost performance. Journal of Construction Engineering and Management, 135(3), pp.187-98.

Kemmis, S. and R. McTaggart (2007) The Action Research Planner. Geelong (Aust): Deakin University
Press.

Ko, C.H. and Chen, Y.C. 2012. Evaluating production time buffer for precast fabrication. Journal of
Engineering, Project, and Production Management, 2(2), pp. 101-111.

Ko, C.H. and Tsai, P.C. 2013. Applying lean production to enhance construction work flow. Life Science
Journal, 10(2), pp. 2409-2416.

Ko, C.H. and Chung, N.F. 2014. Lean design process. Journal of Construction Engineering and
Management, 4(3), pp. 464-468.

Koskela, L.J., Bolviken, T. and Rooke, J.A. 2013. Which are the wastes of construction? In: Proceedings
of the 21st Annual Conference of the International Group for Lean Construction. Fortaleza, Brazil, August,
2013, pp. 3-12.

Koskenvesa, A., Koskela, L., Tolonen, T. and Sahlstedt, S. 2010. Waste and labour productivity in
production planning: Case Finnish Construction Industry. In: Proceedings of the 18th Annual Conference
of the International Group for Lean Construction. Haifa, Israel, 14-16 July 2010, pp. 477-486.

Lean Construction Institute-Australia, 2013. Building Knowledge in design and construction [onling],
Available at: <http://www.leanconstruction.org>, [Accessed 12 October, 2014].

Leedy, D. & Ormrod, J. (2009) Practical Research Planning and Design. 5th Edition, New Jersey: Pearson
Education.

Li, H., Huang, T., Kong, C.W., Guo, H. L., Baldwin, A., Chan, N. and Wong, J.
2008. Integrating design and construction through virtual prototyping. Automation in Construction, 17 (8),
pp. 915-922.

Lopez, R., Love, P.E.D., Edwards, D.J. and Davis, P.R. 2010. Design error classification, causation, and
prevention in construction engineering. Journal of Performance of Constructed Facilities, 24(4), pp. 399-
408.

Love, P.E.D., Edwards, D.J. and Irani, Z. 2008. Forensic project management: an exploratory examination
of the causal behavior of design-induced rework. IEEE Transaction on Engineering Management, 55(2),
pp. 234-247.

Marzouk, M., Bakry, I., and EI-Said, M. 2011. Application of lean principles to design processes in
construction consultancy firms. International Journal of Construction Supply Chain Management, 1(1), pp.
43-55.

McNiff, J. and Whitehead, J. (2005) All You Need To Know About Action Research. London: SAGE.

Mills, D. 2011. Woolgrower Responses to their Role in Initiating Research and Development (Pers Comm).

Mossman, A. 2009. Creating value: A sufficient way to eliminate waste in lean design and production.
Lean Construction Journal, 5(1) pp. 13-23.

Nagapan, S., Rahman, I.A., Asmi, A., Memon, A.H. and Zin, R.M. 2012. Identifying causes of construction
waste: Case of Central Region of Peninsula Malaysia. International Journal of Integrated Engineering,
4(2), pp. 22-28.



Ndihokubwayo, R. and Haupt, T.C. 2008. Origin-cause matrix: a practical approach for identification of
waste associated with variation orders. Acta Structilia, 15(2), pp. 126-142.

Ohno, T. 1988. The Toyota Production System: Beyond Large-Scale Production. Productivity Press,
Portland, Oregon. P. 45.

Oladiran, 0O.J. 2008. Materials wastage: causes and their contributions level. In:
Proceedings of CIB-2008-Transformation through Construction. 15-17 November, Dubai, UAE, pp. 1-7.

Osmani, M., Glass, J. and Price, A.D.F. 2008. Architects perspectives on construction waste reduction by
design. Waste Management Journal, 28 (7), pp. 1147-1158.

Shah, R. and Ward, P.T. 2007. Defining and developing measures of lean production. Journal of
operations management, 25(4), pp. 785-805.

Simms, M. 2007. The seven wastes in Engineering Design, a new look at lean manufacturing, [online]
Available at: <www.ketivtech.com/mikesimms> [Accessed 10 November 2014]. Pp. 1-5.

Sommerville, J. 2007. Defects and rework in new build: an analysis of the phenomenon and drivers.
Structural Survey Journal, 25(5), pp. 391-407.

Sahoo, A.K., Singh, N.K., Shankar, R. and Tiwari, M.K. 2008. Lean philosophy: Implementation in a forging
company. International Journal of Advanced Manufacturing Technology, 36(5/6), 451-462.

Song, L., Liang, D. and Javkhedkar, A. 2007. A Case study on applying lean construction to concrete
construction projects. In: Proceedings of The 13th Annual Conference on Industry Engineering and
Management Systems. Florida, USA, 12-14 March 2007, PP. 12-15.

The Open University, 2005. Action research; a Guide for Associate Lecturers:
Connecting leaning, development and work. A Practical pedagogy from COBE, p. 4

Velarde, G.J., Saloni, D.E., Dyk, H.V. and Giunta, M. 2009. Process flow improvement proposal using lean
manufacturing philosophy and simulation techniques on a modular home manufacturer. Lean Construction
Journal, 5(1), pp. 77-93.

Womack, J.P. and Jones, D.T., 2003. Lean Thinking-Banish Waste and Create Wealth in Your
Corporation, 2nd ed., London: Simon and Schuster Publishing, pp. 79-85.

Yang, H., 2007. Lean Design In: Manufacture Information Engineering of China. December, 2007, Beijing,
China, pp.1-2.

Yin, R.K. 2009. Case study research: Design and methods. 3rd ed., London: Sage Publishing, p. 54.

Zhanwen, N. 2009. Lean design and management for manufacturing enterprise lifecycle. Economic
Research Center Discussion Paper No. 174, pp. 1-13.

Zimina, D., Ballard, G. and Pasquire, C. 2012. Target value design: using collaboration and a lean
approach to reduce construction cost. Journal of Construction Management and Economics, 30(1), pp.
393-398.

Zoya-Kpamma, E. and Adjei-Kumi, T. 2011. Management of waste in the building design process: The
Ghanaian Consultants Perspective. Journal of Architectural Engineering and Design Management, 7(1),
pp. 102-112.



