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IMPLEMENTING CONSTRUCTION EXPERIENCE INTO SUSTAINABLE DESIGN
MANAGEMENT FOR IMPROVEMENT OF THE DESIGN PHASE

SUMMARY

Construction projects are challenged in implementing sustainability issues which increases their
complexity. For delivering a sustainable construction project it is necessary to gain insight into
construction site experience and problems that occur during construction phase related with
construction documentation. Therefore, a research is undertaken and a questionnaire was filled out by
construction site managers. It is concluded that it is necessary to strengthen the quality of the project
design phase. Also the project design phase needs a more coherent management of the design process
that integrates the sustainability issues. Strengthening the knowledge base of the project design team
on sustainability is a necessity in delivering high quality project documentation.
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1. INTRODUCTION

Construction industry is identified as the largest consumer of energy and raw materials as well as main
pollutant with detrimental consequences on the environment and human living, comfort and health,
(Bakens 2003; Oteiza and Tenorio 2007; Woolley and Kimmins 2000). To mitigate these emerging
issues, the contemporary society efforts are engaged in the concept of sustainability, with a goal of
reconciling the human and natural habitat by establishing three main pillars such as the environmental,
economic and social (Elkington 1999).

The projects in the construction industry are titled as largest and most complex projects in terms of
management and their successful outcome is predetermined by the quality of the applied management.
In order to increase the project quality, many countries, such as Germany, Japan, Australia, have
developed their own project management standards and methodologies. Global efforts have been made
on establishing Project Management standards, such as the standards of the International Project
Management Association (IPMA), PMBoK standard (Project Management Institute 2013), etc.

The ISO 21500 standard was initiated by the British Standard Institute, member of the ISO
organization, and developed as a cooperation of 31 countries directly involved in the delivery of the
standard and 5 participating countries as observers. According to the ISO 21500 standard a project is
“a unique set of processes consisting of coordinated and controlled activities with start and finish
dates, undertaken to achieve an objective”. Processes used in projects are generally categorized into
three major types: project management processes, delivery and support processes.

Project management according to the Project Management Institute (Project Management Institute
2013) as well as the ISO 21500 standard (Zandhuis 2013) is realized by means of 5 process groups
such as: initiation, planning, execution, monitoring and closing. The project life-cycle starting from
project initiation until the very beginning of the construction consists of: pre-project phase, planning
and design phase and contractor selection phase, (Bennett 2003), followed by the construction process
defined by: project mobilization phase, project operations phase, project closeout and termination
phase.

The GPM PS5 Standard delivered by GPM Global, (“GPM P5” 2015), incorporates sustainability into
the project processes and deliverables. It incorporates the impact of the activities and the project onto
the environment, society, the corporate bottom line and the local economy through the P5 concept,
based on the following categories: People, Profit, Process and Product. Founded on these principles,
the PRiSM methodology leverages the ISO standards, the GRI G4 indicators and the UN Global
Compact Ten Principles and it structures the processes of the project management in a logical
framework. The life-cycle phases of a project are articulated as: introduction, growth, maturity and
decline, meaning that it considers the whole life-cycle of a project or a product. Therefore this
methodology integrates product sustainability with a company's organizational sustainability and
maturity.

As stated by several authors, the design phase is the most important in the buildings life-cycle
(Bogenstitter 2000; Koskela et al. 2002) and the decisions made in this phase influence the following
phases such as construction, operation and demolition. In the early design phase the client brief and
the definition of clients’ needs have been noted as highly critical (Masat 1996). Frequent changes of
the design that occurduring the construction phase haveits repercussions on the construction
management, i.e., they influence the “steel triangle” of management: time, scope and costs. The design
process in construction is often seen as poorly planned, poorly managed as well as fragmented work
process(Barber et al. 1998). The defects caused by the design are in a largest share due to the poor
coordination between the different participating disciplines (Koskela et al. 2002) lack of
communication and coordination between them (Koskela et al. 2002), deficient planning and/or
resource allocation, frequent changes (Sverlinger 1996). In different studies it was concluded that the
majority of construction problems were due to the insufficient client briefing (Bresnen 1991; Barton
1996). Authors conclude that one of the most significant waste types in construction project design is
unnecessary rework caused by two reasons: insufficient clarity of the optimal order of design tasks and
if the order exists there are factors distracting the order of tasks (Koskela et al. 2002). Having these
managerial issues in mind and putting an effort to implement the concept of sustainability into
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construction projects easily becomes a demanding task that increases projects' complexity. In order to
assure the success of construction projects it is necessary to examinethe quality of the project
documentation used at the construction site. Another important issue that needs to be consideredis
materials’ usage, on-time completion and effective communication among stakeholders, IT usage and
implementation of health and safety procedures.As many authors have been stated (Azhar 2011; Azhar
et al. 2011; Bynum et al. 2013; Liu et al. 2015) BIM software during design and construction
significantly improves the construction process in terms of decreasing construction errors, decreasing
time and costs.

Consequently, the main research problem that imposes is how construction site managers with
different work experience assess aforementioned issues relevant for project’s sustainability and
success. Additionally, their evaluation of importance of construction project phases is examined.

In the next section a short review of design management methodologies is presented, followed by
display of the research methodology, results and conclusion.

2. RESEARCH METHODOLOGY

2.1. Sample

Survey on construction site was conducted in order to explore assessment of various issues relevant
for project’s sustainability and success, as well as, importance that is putted on construction project
phases.Therefore, 108 construction site managers whose formal background differs from architects,
civil engineers and other engineers were asked to fulfill a questionnaire which took approximately 10
minutes. All participants in the study were male. Of them, 29 had work experience up to 5 years, from
6 to 20 years of work experience had 44 participants and 35 noted more than 20 years of work
experience.

2.2. Measures
The questionnaire used in the study consisted following statements:

1 Project documentation for building construction was complete and accurate.
Changes occur in the project documentation during construction.
Substitution of materials during construction occurs.

The construction of buildings you have been working on has been completed on-time.

(S, T S VS N )

Consultation of all participants (investor, designer, constructor, supplier etc.) is necessary
from the beginning of the design process in order to gain more efficient, faster and
economical construction process.

6 Software related to the construction is used during the construction work.

7 The office undertakes appropriate measures in a short period when there are problems
regarding the environment and safety of the workers.

Participants (construction site managers) were asked to assess the items on a 5-point scale from 1-
completely disagree to S-completely agree. Additionally, they needed to rank four construction project
phases from 1 to 4 according to their relative importance, such as: Phase 1: design phase, Phase 2:
preliminary works, Phase 3: preparation works and Phase 4: construction phase.

On the base of work tenure, respondents were categorized into three groups: work experience up to 5
years, work experience between 6 and 20 years, work experience more than 20 years.
3.  RESULTS

Kruskal-Wallis test was performed in order to analyze how construction site managers with different
work experience assess aforementioned issues relevant for project’s sustainability and success, as well
as, how they evaluate importance of construction project phases.
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Obtained results (Table 1) demonstrated that surveyed participants with work experience between 6
and 20 years assessed correctness/accuracy of the project’s documentation, as well as,
changing/shifting in documentation highly in comparison to their colleagues with shorter 9up to 5
years) and longer work tenure (more than 20 years) (H(2)=10.66, p<0.01 and H(2)=7.13, p<0.05,
respectively).

Assessed issues Work N Mean
experience Rank
Project documentation for building Up to 5 years 29 47.57
construction was complete and accurate. 6-20 years 44 65.69
More than 20 35 46.17
years
Total 108
Changes occur in the project documentation | Up to 5 years 29 50.74
during construction. 6-20 years 44 63.56
More than 20 35 46.23
years
Total 108
Substitution of materials during Up to 5 years 29 48.52
construction occurs. 6-20 years 44 56.73
More than 20 35 56.66
years
Total 108
The construction of buildings you have Up to 5 years 29 56.52
been working on has been completed on- 6-20 years 44 59.64
time. More than 20 35 46.37
years
Total 108
Consultation of all participants (investor, Up to 5 years 29 58.84
designer, constructor, supplier etc.) is 6-20 years 44 59.78
necessary from the beginning of the design | More than 20 35 44.26
process in order to gain more efficient, years
faster and economical construction process. | Total 108
Software related to the construction is used | Up to 5 years 28 54.20
during the construction work. 6-20 years 44 60.64
More than 20 35 45.50
years
Total 107(one respondent
did not answer)
The office undertakes appropriate measures | Up to 5 years 28 54.93
in a short period when there are problems 6-20 years 44 57.58
regarding the environment and safety of the | More than 20 35 48.76
workers. years
Total 107(one respondent
did not answer)

Table 1. Differences in assessment of construction process sustainability and success issues among
site managers

Three groups of respondents, as was found, differed in their assessment of need for coordination and
consultation among all stakeholders in the project. The lowest evaluation was given by the most
experienced construction site managers (H(2)=8.32, p<0.05).

Applied Kruskal-Wallis test revealed that three groups of participants differ in ranking of phase 1 and
phase 3, but not in given ranks of phases 2 and 4 (Table 2). Participants with work tenure from 6 to 20
years ranked the design phase as less important compared to their counterparts with shorter and longer
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work tenure (H(2)=6.40, p<0.05). Preparation phase was ranked as less important by construction site
managers with more than 20 years work experience (H(2)=11.56, p<0.01).

Construction project’s Work experience N Mean Rank
phases
Phase 1: design phase Up to 5 years 29 51.24
6-20 years 44 62.97
More than 20 years 35 46.56
Total 108
Phase 2: preliminary Work experience 29 54.66
works Up to 5 years 44 4925
6-20 years 35 60.97
More than 20 years 108
Phase 3: preparation Total 29 47.64
works Work experience 44 47.89
Up to 5 years 35 68.50
6-20 years 108
Phase 4: construction More than 20 years 29 61.22
phase Total 43 55.26
Work experience 35 46.47
Up to 5 years 107(one
respondent
did not
answer)

Table 2. Differences in evaluation of construction phase importance among site managers

In general, surveyed site managers assessed the seven issues relevant to sustainability of construction
projects as average or above the average compared to the midpoint (which was 3) of the ranking scale
(from 1 to 5). They evaluated highly the need for consultation and coordination during the project.
Results showed that 23,1% of the respondents ranked design phase as the most important. Preliminary
works phase was ranked as the most important by 21,1% of the participants. Only 3,7% of the
surveyed site managers ranked preparation works phase as the most important, while half of them
(51,9%) ranked building phase as the most important.

4. CONCLUSION

From the conducted survey more than 50% of the respondents stated that the construction phase is the
most important phase and only 3,7% of respondents stated that the most important phase is a
preparatory works phase. Findings demonstrated that work experience is important when relevance of
different construction project phases was evaluated.

From survey’ results for project documentation issues occurring in the construction phase key
management steps could be established.

Regarding the project documentation construction managers have identified major problems in the
project quality in terms of fully developed design. Main issues were insufficient detail drawings
causing delays in the construction process, tension between the constructor, designer and the investor.
Also materials substitution has been a consequence of poor design documentation, or due to the
financial pressure of the investor or by changing the investors’ desire.

Least and most experienced site managers evaluated documentation accuracy at evidently lower level
than their colleagues with work experience between 6 and 20 years. Probably, these results could be
explained with higher engagement in detailed documentation analysis due the lack of
experience/practice of the first group and higher deliberation of skilled site managers. On the other
hand, these two groups of respondents stated that the documentation shifting is rare. From the survey,
as expected, health and work safety procedures, as well as environment protection standards are
completely incorporated.
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According to the obtained results, intensified cooperation between the design team and investor is
highly demanded in order to firmly establish the design goals. This need for cooperation and
coordination was rated highly by the most experienced participants in the study. The investor should
be fully familiarized by the design team proposals.

For increase of the quality of the design phase the design team should implement tools that would
enable evaluation of the design proposals in terms of economic, social and environmental issues and to
have legitimate scientific evidence on propping up their design proposal in front of the investor. In this
way the investor would have more confidence in the design team and would be less likely prone to
demand design change especially during the construction. Further research is needed on the
knowledge and capability of the design offices to implement these tools in the design process. Besides
these hard techniques, soft techniques could be also applied, such as passive solar design based on
empirical studies, which also require a degree of knowledge to be full and correctly implemented.

Findings indicate that more efforts should be placed on on-time completion of construction projects
and on software use to facilitate the design process.

Future studies should include all stakeholders in construction projects and to investigate their
perceptions of other important aspects of sustainability. Implications of the considered issues on
employees and final users of build structures should be also examined.
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