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Amaka Ogwueleka & Tinus Maritz

Incentive issues in the South African
construction industry: Preliminary findings
from project stakeholders
Peer reviewed and revised
Abstract
Incentives are regarded as motivational tools which can be used to propel
construction workforces to achieve project objectives. This article contributes to
the existing body of knowledge by evaluating the current practices of incentive
mechanisms in the South African construction industry and identifying the
challenges confronting the use of incentives. The study adopts both qualitative
and quantitative methods for data collection. For the quantitative approach, a
total number of 52 project stakeholders practising in Gauteng participated in the
survey by completing the structured questionnaire. The questionnaire survey is
used to obtain information from respondents, in order to assess their perceptions
on the impact of current practices of incentives on work productivity and the
construction industry. For the qualitative approach, personal interviews were
conducted with selected respondents to clarify their answers.
The findings reveal ‘unattainable project goals’, ‘poor communication
processes’, and ‘inappropriate contractual arrangement’ as the most significant
challenges confronting the use of incentives in the South African construction
industry. The findings reported in this article show problems frustrating the
absolute absorption of incentives in the industry, and also contribute to
redesigning the incentive plan so as to improve project performance.
Keywords: incentives, alliance, contract strategy, best performance, and
construction industry.

Abstrak
Aansporingsmaatreëls word as motiveringswerktuig beskou wat gebruik kan
word om die werkerskorps aan te spoor om sodoende prestasiedoelwitte te
bereik. Hierdie artikel dra by tot die kennisgebied deur huidige praktyke van
aansporingsmeganismes in die Suid-Afrikaanse konstruksiebedryf te evalueer
asook die uitdagings wat met die gebruik van aansporingsmaatreëls gepaard
gaan. Die studie maak gebruik van beide kwalitatiewe en kwantitatiewe
metodes vir data-insamelingdoeleindes. Vir die kwalitatiewe benadering het
‘n totaal van 52 projekbelanghebbendes, wat in Gauteng praktiseer, aan
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die opname deelgeneem deur die gestruktureerde vraelys te voltooi. Die
vraelysopname is gebruik om inligting van respondente te bekom om sodoende
hul waarneming oor die impak van huidige praktyke van aansporingsmaatreëls
op produktiwiteit van arbeid en die konstruksiebedryf te toets. Vir die
kwalitatiewe benadering is persoonlike onderhoude gevoer met sommige van
die respondente om antwoorde te verklaar.
Die bevindinge toon “onbereikbare projekdoelwitte”, “swak kommunikasieprosesse” en “nie-toepaslike kontraktuele ooreenkomste” as die belangrikste
uitdagings waarmee die aansporingskwessies in die Suid-Afrikaanse
konstruksiebedryf te make het. Die bevindinge wat in hierdie artikel uitgelig
word, dui op probleme wat ondervind word met die volkome aanvaarding en
dwarsboming van aansporingsmaatreëls in die bedryf. Verder dra die artikel
ook by tot ‘n nuwe benadering vir die herontwerp van die aansporingsplan om
projekprestasie te verbeter.
Sleutelwoorde: aansporingsmaatreëls, alliansie, kontrakstrategie, bestewerk
verrigting, konstruksiebedryf.

1.

Introduction

Over the years, construction activity has recorded a significant
increase in the complexity of contract service delivery and this
resulted in the quest for a better contract strategy to promote best
performance (Ogwueleka, 2010: 209). The general view and concern
about achieving best performance is focused on developing capacity
issues. Capacity development does not automatically translate into
better performance; it requires some fundamental elements to propel
it so as to achieve the desired outcomes (Boesen & Therkildsen,
2004: online). The use of traditional construction contracts to meet
clients’ expectations and contractors’ objectives has led to distrust
and conflict between clients and contractors (Egan, 1998: 21). The
demand to improve performance through cooperative strategies,
thereby reducing confrontations and promoting equity in allocation
of risks amongst the contracting parties, has led to the introduction of
partnering in the early 1980s in Japan and in USA (Naoum, 2003: 72).
Bygballe, Jahre & Swardt (2010: 239, citing CII, 1991) define partnering
as a “long term commitment between two or more organisations
for the purpose of achieving the specific business objectives by
maximizing the effectiveness of each of the participants”. Partnering
has to do with having a working relationship between stakeholders
based on respect, trust, teamwork, commitment and shared goals
(OGC, 2003: online).
Lu & Yan (2007: 243) establish the collaboration of partnering as good
faith which cannot be sufficiently reinforced. Previous studies have
emphasised that it is difficult to achieve and maintain collaboration
between clients and contractors without a formal commitment
(Bresnen, 2007: 367; Laan, Noorderhaven, Voorijk & Dewulf, 2011: 100).
2
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Recent studies have advocated the process of drafting a formal
contract to promote joint learning process, mutual understanding,
and long-term and trusting exchange relationships (Popp & Zenger,
2002: 799; Vlaar, Van den Bosh & Volberda, 2006: 1620). This has
led to the incorporation of alliance contracting into partnering
in order to overcome the weaknesses associated with the use of
partnering. Alliance contracting is reinforced by incentive design,
whereby the sharing of resources, risks and profits/losses is properly
defined among contracting parties in a moral/contract agreement
measured against performance indicators (Tang, Qiang, Duffield
& Young, 2008: 460). Henneveld (2006: CD-ROM) defines alliances
as “incentive-based contracts in which the parties agree to work
together as an integrated team in a relationship that is based on the
principles of equity, trust, respect, openness, no dispute and blame”.
The recent use of alliance has also faced challenges relating to the
design of appropriate risks and reward systems which can motivate
project participants (Rose, 2008: 45).
Many researchers have advocated the use of incentives as
motivational tools to reduce misalignment of objectives, fragmented
association between contracting parties, and risk-averse behaviours
(Martin, 2008: online; Drake, 2008: 398). In the South African
construction industry, the stakeholders have continuously expressed
concern regarding the use of incentives. Some have attributed the
use of incentives to the ‘big guys’ in the construction industry, which
has attracted sympathy among government and regulatory bodies.
The quest to discard the use of incentives is on-going, and if successful,
what will be the fate of best performance in the industry? This article
aims to evaluate the current practices of incentive mechanisms in the
South African construction industry and the challenges confronting
the use of incentives.

2.

Incentive mechanisms in construction projects

Broome & Perry (2002: 60) define an incentive as “an inducement to
motivate an organisation or an individual in order to place greater
emphasis on how to achieve an objective or to act in a certain way.”
Incentive is the internal psychological process or internal power that
is guided by the goal or object to stimulate and to maintain individual
activities (Porter & Lawler, 1968: 25). This process includes three
connotations: the first is to meet the individual’s target or outcome;
the second is to determine the goal or outcome and how to achieve
the mental processes and the third is the social process in which
the individual’s behaviour is influenced by others. The concept of
3
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incentive contracting is to give a contractor the opportunity to earn
greater profits if s/he achieves the client’s expectations by taking
full advantage of contractors’ objectives (Bower, Ashby, Gerald &
Smyk, 2002: 37, citing Blyths, 1969). Incentive schemes consist of two
attributes: to align the objectives of the contracting parties through
the use of performance measures and to link them to payment
(Richmond-Coggan, 2001: online).
The general view and concern about achieving best performance is
focused on developing capacity issues. Capacity development does
not automatically translate into better performance; it requires some
fundamental elements to propel it in order to achieve the desired
outcomes (Boesen & Therkildsen, 2004: online). Incentive systems and
motivations are critical for capacity development, thereby propelling
the individuals and organisations to perform their functions effectively,
efficiently and sustainably (Boesen & Therkildsen, 2004: online). The
general principles of incentive systems are to ensure that risks and
rewards are commensurably and fairly distributed among the parties
concerned, and that they are tailored to achieve specific project
objectives (Bresnen & Marshall, 2000: 588). Incentive mechanism is still
a developing field of knowledge and expertise in the construction
industry; it has attracted many researchers from different countries.
This reveals a wide recognition of incentive on project success.
Empirical research on the motivation and performance in the context
of construction projects is sparse (Ling, R’ahman & Ng, 2006: 58;
Chapman & Ward, 2008: 660; Rose & Manley, 2011: 766).
The literature scan reveals that the majority of previous researchers
focus on a single incentive plan (Berends, 2000: 168; Brenen &
Marshall, 2000: 588). The single incentive plan does not reflect the
weights of performance metrics, thus resulting in investing one’s effort
in one area at the expense of other areas (Ittnera, Larcker & Meyer,
2003: 728; Beer et al., 2004: 42). The common types of contractual
incentives for construction projects are cost, schedule/delivery,
technical/performance, and safety (Bower et al., 2002: 33; Bubshait,
2003: 67; Lahdenpera & Koppinen, 2003: 483; Meng & Gallagher,
2012: 354). Incentive schemes can be designed in three different
forms, namely financial, semi-financial and non-financial schemes.
2.1

Financial incentive schemes

The offer of a financial reward to enhance the motivation of
employees to work harder and smarter so as to attain project goals
that is above minimum standards (Rose & Manley, 2005: 441). The use
of financial incentives can improve the work quality and reducing
4
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time and cost effectively (Ajayi, 2007: 61). These schemes are
focused on inducing employees to achieve the stipulated project
objectives in anticipation of monetary benefits, in some cases;
they may be diametrically opposed to motivation (Whitmore, 2012:
online). Grant & Singh (2011: online) highlight three important risks
that the excessive reliance on financial incentives may create as:
a) they may enhance performance but do not guarantee that the
performance improvement will come with ethical behaviour and
actual improvements; b) they can demoralise employees who do
not get them and actually reduce performance and fuel turnover;
and c) they can generate a sort of addiction especially, where the
employees are working for incentives. Examples of financial incentive
schemes are premium bonus, profit sharing, measured day work,
simple piece work, geared incentive schemes and group incentive
schemes (Saka & Ajayi, 2010: 583).
2.2

Semi-financial incentive schemes

Semi-financial incentive schemes may be classified as those which
have some monetary benefits, but which are not directly linked to
output and wages. They are geared towards compensating for jobs
that cannot be subjectively measured (Chavan, 2010: online). Saka &
Ajayi (2010: 585) emphasise that the use of semi-financial incentive
schemes produces the most satisfactory results when compared to
other incentive schemes. The efficiency of these schemes relies on
the company goals, existing employee attitudes, and managerial
capabilities adopted during implementation (Saka & Ajayi, 2010: 585,
citing Liska & Snell, 1993: 669). Examples of semi-financial incentive
schemes are health schemes, saving schemes, housing, site welfare
provision, and pension schemes (Saka & Ajayi, 2010: 585).
2.3

Non-financial incentive schemes

Non-financial incentive schemes are indirect rewards, which focus on
providing psychological benefits for employees. These are centred
on conveying appreciation to individual employees or teams in
memorable ways, showing the task performed is inherently meaningful
(Silverman, 2004:3). The schemes are embedded in theories of
motivation, where the motivation to achieve quality of output is best
achieved through satisfaction of higher needs (Maslow’s theory),
awareness of the role of groups in the workplace (Mayo’s theory),
and the need to provide motivators (Herzberg’s theory). Examples
of non-financial incentive schemes are recognition, praise of good
work, communication, empowerment, job autonomy, enlargement,
and rotation (Armstrong, 2010: 161).
5
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The incentive system can be designed either through one or a
combination of these schemes to achieve satisfaction among the
individual, the group or the organisation in order to motivate them
positively. Ncube, Bussin & De Swart (2013: 4-5) emphasise the
importance of designing an incentive plan to incorporate both
financial and non-financial metrics. Motivation of employees is
a tricky trade which requires a clear understanding of concepts,
principles and myths about motivation in order to effectively utilise it
(Shanks & Dore, 2012: 43-51). Employees are different, act in different
ways and are motivated by different things. Motivation is focused on
redirecting the employee’s energies towards optimistically job-related
behaviours (Manion, 2005: 44). This requires a good understanding of
the employee’s strengths and weaknesses so as to establish what will
be needed to get specific employees to perform and also on how
to capitalise on the ways in which these employees learn in order to
motivate them correctly (Brickingham, 2005: 76).

3.

Current practices in the South African construction
industry

Globally and in South Africa, the construction industry has the highest
workforce and has remained a vital player in the economy. The
South African construction industry is crucial as a whole because of
its labour-intensive nature, and its role in supporting other economic
sectors through the provision of buildings and construction (CETA,
2008: online). The construction sector in South Africa is recognised
as very large, diverse and complex in nature with vast numbers and
ranges of employees (CETA, 2008: online). Yet the total number of
liquidations decreased by 39.4% in March 2012 and the employment
in construction also declined by 14.3% between 2008 and 2010; 6.7%
in 2011, and 4.4% in 2012, with the current total population of 986 000
employees (State of the Construction Industry, 2012: online). The
contribution of the South African construction industry to GDP has also
declined from 7% in 1970 to approximately 3% in 2000 (Dlungwana,
Nxumalo, Huysteen, Rwelamila & Noyana, 2002: CD-ROM). In 2012,
the contribution of the industry to GDP was regarded as insignificant
with a relative of 3% of GDP (Statistics South Africa, 2012: online).
Rust & Koen (2011: 2) emphasise that the slowdown in growth is a
result of the lack of national planning coordination.
South Africa has a sophisticated construction sector with a large
number of employers. However, approximately 95% of the firms
can be characterised as small and micro-enterprises (CETA, 2008:
online). It consists of a handful of large contractors of about five
6
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leading construction firms, representing 75% of the total industry
output (BMI, 2013: online). Table 1 shows the structure of contractors
in South Africa. The main contractors engage in the business strategy
of subcontracting with the view to avoiding uncertainties in the
construction market (CIDB, 2013: online). Subcontracting has become
predominant in the industry, with over 70% of the building projects and
30% of the civil engineering works being subcontracted out (CIDB,
2013: online). This allows the subcontractors to play a major role in
infrastructure development. The contractual relationship between
the main contractors and the subcontractors is on an ad hoc basis,
where there is no formal contract; this restrains the advocacy for
best performance through equity in allocation of risk. Hinze & Tracey
(1994: 279) stipulate that subcontractors play a significant role in the
project execution; there is a scarcity of publications about the actual
process whereby they are initiated or how award arrangements
are made. The key challenges faced by subcontractors are
identified as lack of security payment, bid price pressure from main
contractors, poor management, poor attitudes within subcontracting
organisations, and general industry-wide factors including high level
of competition, lack of working capital and skills shortages (CIDB,
2013: online). The use of incentives was recommended as one of the
measures to resolve these challenges (CIDB, 2013: online).
Table 1:
Category
Small

The structure of contractors in South Africa (Dlungwana
et al., 2002: CD-ROM)
Economic
sector
Formal

Annual turnover

Management skills level

Less than R10M

Very poor, fair

R10M – R50M

Poor, fair, good and very good

Above R50M

Fair, good and very good

Informal
Medium

Formal
Informal

Large

Formal

Previous documentation and interviews also reveal that the South
African construction industry has adopted incentives. The incentive
design is focused on disincentive/penalty, where the project duration
is used for performance assessment. Figure 1 illustrates the structure
of an incentive plan adopted by the Department of Public Works,
South Africa.

7
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Commencement

Targeted
Completion Date

Daily payment of
preliminary and
general fee by
government

Actual
Completion Date

Daily penalty fee
by contractors/
consultants

Figure 1:

An illustration of the incentive plan adopted by the Department of Public
Works

Source:

Ogwueleka & Maritz, 2013: 90

The CIDB (2007: 2) reports that the construction sector has progressively
declined since 1990, thus witnessing over 200 000 job losses in 2001.
This challenge has been exacerbated in recent times by an increase
in infrastructure investment. Business Monitor International (2013:
online) reveals that the market infrastructure is still below average,
with an acute shortage of skilled workforce across different sectors.
CIBD (2007: 6) advocates that the remedy to shortage of skilled
workers is not merely to equip new entrants with skills, but also to gain
the appropriate workplace experience in order to consolidate their
craftsmanship, as well as, supervisory and professional capabilities.
There is a need to provide an environment for a bigger pool of skills
in order to plug the gap of skill shortage (CIBD, 2007, citing Maleka,
2006: 2). This requires a focus on improving the project environment
by correctly motivating project participants.

4.

Research methodology

The research problem addressed is that incentives have been
advocated as tools to propel individuals and organisations to perform
their tasks effectively, efficiently and sustainably. However, in South
Africa’s construction industry, their functions have not been properly
utilised. This article identifies the current practices and challenges
associated with the use of incentives. The exploratory nature of this
study requires a combination of both quantitative and qualitative
methods of data collection. For a quantitative approach, surveys by
means of questionnaires were found to be effective because of the
relative ease of obtaining standard data appropriate for achieving
the study’s objectives. A questionnaire survey was used to obtain
information from respondents in order to assess their perceptions on
the impact of current practices of incentives on work productivity and
the construction industry. Amendments were made on the drafted
8
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questionnaire based on the suggestions of the reviewers. According
to Farrell (2011), the use of a qualitative method for data collection
may be difficult to obtain an answer, but the data captured are rich.
Personal interviews were conducted with some respondents in order
to clarify their answers.
The study population consists of construction firms who are involved
in both building and civil engineering works in the Gauteng province.
Gauteng is the smallest of the nine provinces in South Africa, but has
the highest population of about 12.3 million. It is regarded as the
economic centre of South Africa, which accounts for over 34.8% of the
country’s total GDP. The majority of the construction companies have
their headquarters in the Gauteng province which has recorded the
largest infrastructural development in South Africa. Kothari (2003: 32)
stipulates that survey protocol of random sampling procedures
allows a relatively small number of people to represent a much
larger population. The study targeted project stakeholders including
clients, designers, consultants, project managers, contractors and
subcontractors. First, the questionnaire was distributed by means
of open access, capturing project stakeholders in Gauteng and,
second, the questionnaire was also distributed electronically to sixtyfive (65) project stakeholders. The majority of the respondents did not
respond; therefore, face-to-face delivery was adopted to promote
clarification of any arising queries and to raise the response rate. A total
number of 65 questionnaires were administered to the construction
professionals, but 13 opted out due to lack of awareness on the use
of incentives; only 52 construction professionals participated in the
research, with a response rate of 80%. The survey was carried out from
March 2013 to June 2013.

5.

Data analysis and interpretation

The questionnaire is categorised into three parts. Part one investigates
the demographic information of respondents, while part two
assesses the current practices of incentive mechanisms in the South
African construction industry. Respondents are asked to evaluate
the challenges confronting the effective use of incentive design
in construction projects using a Likert-scale of 1=not significant,
2=slightly significant, 3=moderately significant, 4=significant, 5=very
significant in part three. The demographic information of respondents
are analysed using the basic descriptive statistics, such as frequency
counts, percentage and cumulative percentage. Data collected
in part two was computed based on frequency distribution and are
expressed as a percentage of the sample size using a line chart. In
9
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part three, responses from the respondents are calculated using
relative important index (RII) method to determine the effect of
incentive design in the construction industry. Memon, Rahman & Azis
(2012: 46) used RII to evaluate responses from respondents based on
time and cost performance in construction projects (see equation 1).
RII is calculated with the following expressions:
RII = ∑W/ AN

equation (1)

Where W represents weighting given to each factor by respondents
and it ranges from 1 to 5 (for this study); A is the highest weight, which
is 5 in this study; and N is the total number of respondents (52 for this
study). The absolute deviation of the mean, variance, and standard
deviation of the distribution are calculated to mean the scatter about
the mean. The coefficient of skewness is computed to measure the
distribution of the extreme value. SPSS is also used to determine the
Cronbach’s alpha reliability test of their responses.

6.

Findings and discussion

This section presents the analysis and discussion of the findings
obtained from the copies of the administered questionnaire. Table 2
reveals the demographic data of respondents. The analysis shows
that respondents are involved at different levels in the industry.
Their responses can thus be generalised for the construction sector.
Table 2 also reveals that 46% of the respondents have more than
ten years’ working experience in the construction industry; 21% have
between eight to ten years; 18% have between five to seven years,
and 15% have between two to four years’ experience. Therefore,
their responses are of great value to this research. The contract
procedure reveals that 73% of the respondents have been involved
in both partnering and non-partnering projects. A total of 54% of the
respondents are engaged in projects with average contract sums of
between R20 million to R50 million.

10
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Table 2: The demographic data of respondents
Frequency

Percentage

Cumulative
percentage

10

19

19

5

10

29

11

21

50

6

12

62

12

23

85

8

15

100

Public sector

12

23

23

Private sector

8

15

38

32

62

100

Profession of respondents (N = 52)
Clients
Designers
Consultants
Project managers
Contractors
Subcontractors
Construction industry sector

Both
Working experience
Less than 1year

0

0

0

2 to 4years

8

15

15

5 to 7years

9

18

31

8 to 10years

11

21

52

More than 10years

24

46

100

Partnering

8

15

15

Non-partnering

6

12

27

38

73

100

Contract procedure

Both

Average contract sum over the past 12 months
Less than R1m

8

15

15

R1m to R20m

11

21

36

R20m to R50m

28

54

90

R50m to R 100m

5

10

100

Above R100m

0

0

0

Civil engineering

8

15

15

Building/Electrical

23

44

59

Both

21

41

100

Project type

6.1

Types of incentive scheme in projects

This section identifies the most frequently adopted incentive scheme
in construction projects. Figure 2 reveals that 56% of the respondents
have most frequently used cost/financial incentives in projects and
that 39% have used schedule/delivery incentives in projects. Five per
cent of the respondents agreed to have used multiple incentives,
while none of the respondents ever used technical/performance

11
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incentives. This reveals that cost/financial and schedule/delivery
incentives are often adopted in the construction industry.

Figure 2:

6.2

Types of incentive scheme frequently adopted in projects

The design of incentives in the construction industry

This section seeks to establish how the incentives are designed in the
construction industry. Figure 3 shows that 55% of the respondents were
involved in projects, where the incentives are designed by client and
consultant only, and that 45% of the respondents were involved in
incentives through negotiation between the contracting parties. This
reveals an irregularity in the design of incentives in the construction
industry.

Figure 3:

6.3

How the incentive scheme is designed in the construction industry

The stage for adopting the incentive schemes in projects

The aim is to establish the stage in which the incentive schemes
are initiated during project implementation. Figure 4 reveals that
36% of the respondents agreed that the incentive scheme was
initiated during the bidding stage, whereas 27%, 19% and 18% of the
respondents agreed that the incentive schemes were introduced
during the planning stage, the design stage and the construction
stage, respectively. The analysis shows lack of consistency in the
design; this implies that there is no informal incentive scheme design.

12
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Figure 4:

6.4

At what stage do you adopt incentive schemes?

The percentage range of incentive payoff compared to
project cost

This section aims to ascertain the percentage range of incentive
payoff when compared to the project cost. Figure 5 reveals that 67%
of the respondents were involved in incentive payoff of between 6%
and 10%, whereas 17% and 18% of the respondents had received
incentive payoff of between 0% and 5%, and between 16% and
19%, respectively. This shows that the largest incentive payoff in the
construction industry is between 6% and 10%.

Figure 5:

6.5

The percentage range of incentive payoff compared to project cost in
projects

Incentive payoff to construction workforce to achieve the
specified objectives

This section assesses the respondents’ opinions on how incentive payoff
should be distributed. Figure 6 shows that 38% of the respondents
agreed that it should be distributed among the workers, whereas
26%, 24% and 12% of the respondents agreed that it should be given
to the subcontractors, middle and top management, respectively.
This reveals that each group desires a share in the incentive payoff.
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Figure 6:

6.6

The most appropriate workforce group to benefit from incentive payoff

Benefits of incentive schemes during project implementation

This section examines the respondents’ perspectives on the impact
of the use of incentives on projects. Figure 7 reveals that 57% of
the respondents agreed that incentives can be used to expedite
the construction work, whereas 36% of the respondents agreed
that incentives can encourage reduction cost. Only 7% of the
respondents agreed that incentives can encourage quality and safe
work, whereas none of the respondents agreed that incentives can
promote cooperation and appropriate allocation of risks among the
contracting parties. The general principles of incentives are unknown
to the project stakeholders.

Figure 7:

6.7

The most essential benefits of incentive scheme design in projects

Participation in incentive projects over the past five years

This section evaluates the level of respondents’ participation in
incentive projects over the past five years. Figure 8 shows that 62%
of the respondents did not participate in incentive projects over the
past five years, while 38% of the respondents did participate. This
reveals a low level of participation in incentive projects.
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Figure 8: The level of participation in incentive projects over the past five years

6.8

Challenges confronting the effective use of incentive design
in the construction industry

This section seeks the respondents’ opinions on the challenges
confronting the use of incentives during project implementation. The
respondents ranked the parameters using the Likert-scale of 1 to 5
as described in section 5, the RII for each parameter is calculated,
and the absolute deviation of the mean, variance and standard
deviation of the distribution are calculated to measure the scatter
about the mean. The coefficient of skewness is computed to measure
the distribution of the extreme value to indicate how it has affected
the mean. Table 3 reveals the results of the analysis.
Table 3: Incentive issues in the construction industry
Parameters

Indices(I)

Rank

Mean
deviation

(I-µ)2

Inappropriate procedural justice
(transparency and fairness in
decision-making)

3.19

10th

-0.30

0.09

Payment problems

3.59

4th

0.10

0.01

Inappropriate risk allocation

3.41

7th

-0.08

0.01

Unattainable project goals

3.68

1st

0.19

0.04

Poor reward intensity (compensation for risk
and effort)

3.47

6th

-0.02

0.00

Poor communication processes

3.66

2nd

0.17

0.03

Low level targets (sharing ratio)

3.35

8th

-0.14

0.02

Neglect of the subcontractors in the
incentive design

3.59

4th

0.10

0.01

Lack of integrity among the contracting
parties

3.28

9th

-0.21

0.04

Poor organisational culture

3.53

5th

0.04

0.00

Inappropriate contractual arrangement

3.64

3rd

0.15

0.02

Poor performance appraisal programmes

3.47

6th

-0.02

0.00
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The variance and standard deviation are calculated as 0.02 and
0.15, respectively. Using this formula to determine the coefficient of
skewness (SK) = 3(mean – median)/ s, the result is -0.2, approximately
equal to zero. This implies that the data is normally distributed.
Cronbach’s alpha reliability test is conducted using SPSS to examine
the internal consistency of the parameters. Alpha values greater than
0.7 are regarded as sufficient (Pietersen & Maree, 2007: 216). The
consistency test reveals Cronbach’s alpha of 0.839, it shows a high
internal consistency, which is considered acceptable in research.
Table 3 reveals ‘unattainable project goals’ as the highest score,
followed by ‘poor communication processes’ as the second, and
‘inappropriate contractual arrangement’ as the third. The range
of spread between the highest score and the lowest score is 0.40,
indicating that other parameters are equally significant. Goals are
proven to be an effective motivation tactic; therefore, they should be
set sufficiently high to encourage high performance and sufficiently
low to be attainable (Ogwueleka, 2011: 345). The current reform in
the South African construction industry is targeted towards increasing
the skilled workforce, reducing unemployment and poverty. The
findings reveal unattainable project goals as a challenge in incentive
design; therefore, there is a need to redesign the existing incentive
scheme in order to promote goal commitment. According to
Bennett (2009: online), the goals should be specific, measurable,
achievable, realistic, and timely so as to not jeopardise motivation
and commitment, thereby infusing corruption, dishonesty and cutting
corners. In general, people are inclined to be dishonest if they fall
short of their goals (Schweitzer, Ordonez & Douma, 2004: 428).
Construction projects are regarded as complex and risky, thus
requiring the active participation of project stakeholders to achieve
the specified objectives. Good communication at both intra- and
inter-organisational levels can improve motivation levels and the
construction processes. This is in line with the review conducted
by Williams (2008: online, citing Kevin Dougherty, Florida-based
consultant); it emphasises that effective communication is ranked as
one of the top challenges currently facing the construction industry.
James & Clancy (2009: 31) stipulate that it is difficult to measure the
ripple costs of poor communication which prove to be a serious
challenge to the construction industry. It is estimated that in 50% to
75% of all construction project time extensions, cost overruns and
contractual claims could have been mitigated or eliminated by
means of better up-front communication. The proper management
of construction requires a constant flow of information between all
the contracting parties. The findings show poor communication as a
16
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challenge to dissemination of the incentive design in the construction
projects. It is essential to address communication in the industry
in order to improve its future. The third ranked is ‘inappropriate
contractual arrangement’. The previous findings show that there is
no formal contractual arrangement for incentive design in the South
African construction industry. The discrepancy in the arrangements
may be a contributing factor to ineffective utilisation of incentives in
the industry.

7.

Conclusions

There is evidence that the South African construction industry is a
crucial sector in the economy with a large number of employers. The
workforce is dominated by small and micro-firms, with only a few large
construction firms. The majority of construction works are executed
by subcontractors, but they are not included in the provisional and
general fees or so-called ‘incentive plan’. The article reveals that
the structure of the existing incentive plan does not encourage early
completion. The interviews conducted during the review process
indicate that the main contractors are not willing to complete their
project works prior to the targeted completion date due to the daily
payment of provisional and general fees. According to Ogwueleka
(2010: 209), the early completion of project works will not only save
time, but also cost and other related variables. The findings show that
cost/financial and schedule/delivery incentives are most frequently
adopted in the industry; this is in line with the criticism of CIDB (2013:
online) that only approximately 50% of South Africa’s construction
tenders are evaluated based on quality. The respondents’ responses
based on benefits of incentive schemes disclose that the majority of
stakeholders are unaware of the general principles of incentives and
that there is a low level of participation in incentive projects.
This article shows that the use of incentives has been advocated
by many researchers as motivational tools, which can propel
contractors’ objectives towards clients’ expectations, but it can
also induce undesired behaviours and restrain the formation of trust
and cooperation between the contracting parties if not carefully
designed and implemented. It is, therefore, important to design
incentives to collaborate and align the entire team’s effort, focusing
on more efficient ways to deliver the objectives of the team and the
project (Maritz & Ogwueleka, 2013: 5). The analysis of the challenges
confronting the effective use of incentive design in the construction
industry reveals ‘unattainable project goals’, ‘poor communication
processes’ and ‘inappropriate contractual arrangement’ as the
17
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most significant parameters. There is a need to redesign the existing
incentive plan, with the focus on how to resolve these challenges
and encourage early completion of project works; this will also be
beneficial to the government.
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Discounting of quantity surveying fees in
South Africa
Peer reviewed and revised
Abstract
The discounting of professional fees has become a cause for concern among
South African Quantity Surveying practitioners. These discounts are often 30%
to 40% and, in some cases, substantially below the Tariff of Professional Fees
published by the South African Council for the Quantity Surveying Profession
(SACQSP). The firms which offer these excessively high discounts may be pricing
their services well below their in-house operational costs which, with the quality
of their professional services, eventually become unsustainable. A quantitative
approach was used to conduct a research study to determine the effect of
discounting of fees on the Quantity Surveying profession. The data was obtained
by circulating a structured web-based questionnaire to registered professional
Quantity Surveying firms in all nine provinces in South Africa. Results indicated
that when Quantity Surveyors discount their fees, this impacts negatively on the
quality of their professional services. Respondents further recommended that
there should be some form of regulation regarding the discounting of fees,
while others suggested that the current SACQSP recommended fee scale be
replaced by the re-introduction of a statutory minimum fee scale which was
applied prior to 1988. The findings arising from this research could support
potential efforts by the SACQSP to resolve issues regarding this practice and
serve to raise awareness among Quantity Surveying practitioners of the dangers
inherent in, and resulting negative consequences of discounting their fees.
Keywords: Discounting, professional fees, quantity surveying, service quality

Abstrak
Afslag op professionele fooie het ‘n bron van kommer geraak onder die geledere
van die Suid-Afrikaanse Bourekenkunde praktisyns. Hierdie afslag is soms tussen
30% en 40% en in sommige gevalle ver minder as die Tarief vir Professionele
Fooie soos gepubliseer deur die Suid-Afrikaanse Raad vir die Bourekenaars
Professie (SARBRP). Firmas wat hierdie buitensporige hoë afslag aanbied, mag
moontlik hul direkte operasionele kostes onderprys, wat met die kwaliteit van
hul dienste, uiteindelik onvolhoubaar raak. ‘n Kwantitatiewe benadering is
gebruik vir hierdie navorsingstudie om die effek van afslag op fooie, op die
Bourekenaars Professie te bepaal. Die data is verkry deur ‘n gestruktureerde
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web-gebaseerde vraelys aan geregistreerde professionele Bourekenaars in
die nege provinsies van Suid Afrika te sirkuleer. Resultate het aangedui dat
waar Bourekenaars afslag op fooie toestaan, dit ‘n negatiewe effek het op die
kwaliteit van hul profesionele dienste. Respondente het verder aanbeveel dat
daar ‘n vorm van regulering moet wees betreffende die toestaan van afslag
op fooie en sommige het voorgestel dat die huidige SARBR-fooieskaal vervang
moet word met die her-instelling van die statutêre minimum fooieskaal wat van
toepassing was voor 1988. Die uitslae van die studie kan van hulp wees vir die
SARBRP om oplossings te vind rakende kwelpunte rondom hierdie aspek asook
om Bourekaars te waarsku van die gevare en die negatiewe uitwerkings, waar
afslag op fooie toegestaan word.
Sleutelwoorde: Afslag, professionele fooie, bourekenkunde, dienskwaliteit

1.

Introduction

In 2008, the world credit crisis and the ensuing global economic
recession did not spare the South African construction industry. A
modest amount of work was available to firms which negatively
affected their annual turnover and growth. The South African
construction industry had a large economic injection from the
2010 FIFA Soccer World Cup. However, this benefitted mainly large
professional firms and ultimately forced smaller practices to compete
for smaller projects. To keep their firms in business and to ensure cash
flow, firms resorted to intensified offers of discounts on their professional
services to prospective clients. The above was confirmed during a
general debate session at the 2011 SACQSP Research Conference
in Port Elizabeth.
The Quantity Surveyors’ (Private) Act 1927 and the Quantity Surveyors’
Act 1970 (Act No. 36 of 1970) limited practitioners to charging
statutory (minimum) fees for their professional services which, in effect,
prohibited competitive tendering on the basis of fees, or offering
discounts on fees, thereby preventing firms from cutting their fees to
the extent that they would not be able to cover their operating costs
or price themselves into bankruptcy, as well as limiting opportunities
for bribery and corruption.
However, on 12 December 1987, an amendment to Act 36/1970 was
Gazetted which:
•

introduced a Recommended Tariff of Professional Fees for
Quantity Surveying Professional Services to be applied instead
of the previous statutory tariff, and coincidentally

•

removed the Section which had prohibited firms from
advertising their services.

Subsequently, the recommended tariff and permission to advertise
within limits prescribed by the South African Council for the Quantity
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Surveying Profession in its Code of Professional Conduct (30 September
2005) have been maintained in terms of the most recent legislation,
viz. the Quantity Surveying Professional Act 2000 (Act No. 49 of 2000).
Accordingly, while there is no legal prohibition that prevents
practitioners from granting ‘fare’ discounts on their fees, this could
encourage unethical behaviour.
Furthermore, the national media portray government tenders as
often being linked to fraudulent deals. This has fuelled perceptions
with regard to ‘normal’ discounts as a form of bribery or corruption to
‘buy commissions’.
It was further debated and revealed at the 2011 SACQSP Research
Conference debate that, after Quantity Surveying consultants started
offering fee discounts, clients responded by not only requesting
reduced fees, but, in some instances, also forcing the discounting issue
in their quest for the best deal or lowest project price. These actions
by clients have forced Quantity Surveying firms into competition with
one another, creating another form of tendering. Competition on the
basis of fee discounts does not appear to take cognisance of whether
or not the discount will support practice/operational sustainability of
the firm that wins the tender.
A recent report (Adendorff, Botha, Van Zyl & Adendorff, 2012: 131)
mentioned that, since 2008, conditions for consultants operating
in the Built Environment industry have unrelentingly become more
challenging. By July 2010, professionals’ fee income had decreased
by 8%, compared to the prior six months, or by 16.9% year-on-year
adjusted for inflation as per the 2011 Consumer Price Index. The high
level of discrepancies among consulting firms indicated that, while
some firms had managed to report an increase in earnings, the
majority of firms reported a decrease. Although a larger number
of consulting firms were dissatisfied with their profit margins, the
majority remained of the opinion that profit margins ranged between
satisfactory and good.
It is argued that competition generally increases during a time when
the availability of work decreases, and intensifies during periods of
severe work shortages. Currently, competition undoubtedly remains
fierce in the construction industry in South Africa. It can further be
argued that, since 2008, levels of competition escalated significantly,
leading to increased rates of discounts offered by firms on fees
(Adendorff et al., 2012: 131).
Furthermore, 43% of consulting engineering firms were discounting
their fees at a rate of 20% or more, the highest being 45%. Larger
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firms leveraged their discounts at an average rate of 21% during 2009
(Adendorff et al., 2012: 131). Similar action is evident in the Quantity
Surveying profession.
This article reports on a research study done to determine the effect
of discounting of fees on the Quantity Surveying profession which
tested the hypothesis: Discounting of fees have a negative effect on
the rendering of Quantity Surveying services.

2.

Literature review

2.1

What is a “profession”?

A profession has been defined as a “career founded upon specific
educational training, where the principle is to supply unbiased
counselling and services to others, for an express and distinct
compensation, separately from the hope of other business gain”
(Webbs, 1917, cited in The UK Monopolies and Mergers Commission,
1977: 44). Consulting Quantity Surveyors provide professional services
to clients for which they receive payment based on an agreed scale
of fees. Nokes & Kelly (2007: 295) define tendering (also known as
“bidding”) as the action of confirming a price offered to a client,
for performance of specified tasks/activities (in accordance with a
prescribed method), and the client responds by accepting the offer
and engaging in a procurement process to acquire products and
services.
2.2

Services rendered by quantity surveyors

According to the System of National Accounts (SNA) of 1993,
services are not separate entities over which ownership
rights can be established. It cannot be traded separately
from its production, and services are heterogeneous outputs
produced to order and typically consist of charges in the
condition of the consuming units realised by the activities of
the producers at the demand of the customers (UN, 2002: 148).

Quantity Surveyors apply their skills to offer services to determine
the feasibility and cost of construction projects. These services can
be classified into two distinct groups, namely traditional and nontraditional services.
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2.2.1

Traditional quantity surveying services

The Association of South African Quantity Surveyors (ASAQS, 2014:
online) stipulates that the Quantity Surveyor’s duty is essentially one
of cost control. This involves the measuring and valuating of work in
progress, determining the value of variations to the contract in order
to establish the final contract value of the contract.
According to Burnside & Westcott (1999: 93), a general overview of
traditional Quantity Surveying services is:
•

preparation of tender documents;

•

examination and appraisal of tenders;

•

interim valuation of contractors’ work for payment certificates;

•

cash-flow prediction and cost reporting;

•

measurement and valuation of variation orders/contract
instructions;

•

advising on anticipated final project costs, and

•

preparation and agreement of final accounts.

Burnside & Westcott (1999: 93) further refer to additional services that
can be rendered by Quantity Surveyors, including:
•

the preparation of feasibility studies and estimates to establish
project budgets;

•

analysis of the effects of design changes on project budgets;

•

cost planning, and

•

preparation of contract documents.

The Association of South African Quantity Surveyors (ASAQS, 2014:
online) lists the following range of services that can be offered by
Quantity Surveyors:
•

Estimating and cost advice;

•

Cost planning;

•

Property development advice;

•

Advice on tendering
arrangements;

•

Financial control over contracts;

•

Valuation of work in progress, and

•

Cash-flow budgets and final account in respect of the
contact.

procedures

and

contractual

Figure 1 illustrates a typical project life cycle, indicating the modest
range of Quantity Surveying services rendered during the early
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stages of project development in comparison with the broader
scope of services potentially applicable during the latter phase of a
construction process.

Figure 1:

Project life cycle

Source:

Bennett, 2003: 7

According to the SACQSP (2013: 10-13), Quantity Surveyors may
claim remuneration for their services during the following stages:
•

Stage 1: Inception

•

Stage 2: Concept and viability

•

Stage 3: Design and development

•

Stage 4: Documentation and procurement

•

Stage 5: Construction

•

Stage 6: Close-out.

When Quantity Surveying services include the preparation of Bills of
Quantities (BoQ), the fee is payable as follows:
•

2.5% of their total fee is payable during Stage 1;

•

5% during Stage 2;

•

7.5% during Stage 3;

•

35% during Stage 4;

•

45% during Stage 5, and

•

5% during Stage 6.
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This clearly indicates that the major portion (80%) of fees becomes
due and payable during the documentation and construction stages
of a contract which includes BoQ.
Cruywagen & Snyman (2006: 29) state that the SACQSP Tariff of
Professional Fees is used for fee negotiation and that the economic
conditions in 2006 created a market that forced Quantity Surveyors to
submit discounted fee proposals that fall far below the recommended
fee scales which will ultimately compromise quality of service.
Hoxley (2007: 181), however, concludes from a research study done
on competitive fee tendering and client’s perceptions of service
quality in the United Kingdom’s property industry that, although
fees were discounted at high levels and clients did not perceive
any decline in service quality, professional firms must have become
efficient by still offering services of reasonably accepted standard as
required.
The above practice of discounted fees has given rise to the following
questions:
•

On what basis is the tariff of professional fees calculated?

•

Are there differences between types of construction projects?

•

How do Quantity Surveyors determine their proposed fees on
construction projects?

•

How can an affordable fee be calculated on construction
projects?
(Cruywagen & Snyman, 2006: 30).

Mbatha (2013: 11) is of the opinion that, before Quantity Surveyors
decide to discount their fees, they need to be aware of their own
in-house cost structures as minimal, if any, surplus funds will be
available to cover skills development which is essential to maintain
quality services. In predicting erosion of the foundation of professional
services, he anticipated the demise of training and development,
expert workmanship, research and the good reputation of Quantity
Surveying as a respected profession, which would eventually result
in the services traditionally provided by Quantity Surveyors being
perceived as unnecessary and becoming redundant.
The South African Government’s drive to create transparency in
procurement processes includes a proposal that consultants should
tender to provide professional services, stating price and Black
Economic Empowerment (BEE) status. Generally, price is the major
issue, regardless of many other factors that should also be taken
into account. The reduced quality of professional services, resulting
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from consultants’ having discounted their fees, cannot be justified
as a way of cutting overall project costs, particularly when the
overall negative effects on the project are evaluated. Staff turnover
experienced in government departments has been exacerbated by
the intake of mainly untrained junior staff which needs mentorship
and skills training. This highlights the importance of total project cost
as the pivotal factor, rather than ensuring that tenders are awarded
on the basis of experience and competence (Mbatha, 2013: 11).
Clause 3.7 of the SACQSP Code of Professional Conduct (2005: 3)
states that registered Quantity Surveyors “must provide work or
services of a quality, scope, and to a level, which are commensurate
with accepted standards and practices in the profession”.
If, due to the excessive fee discounts granted to clients, a Quantity
Surveying firm knowingly cannot afford to render the required
standard of professional services, this constitutes a breach of the
Code and improper conduct in terms of Section 27(3) of the Quantity
Surveying Profession Act 2000 (Act No. 49 of 2000).
2.2.2

Non-traditional services

In addition to the customary means of income generation,
implemented by Quantity Surveying or cost consultancy firms,
include providing services related to project management and
facilities management (Page, Pearson & Pryke, 2001: 2). Quantity
Surveying services are also offered in the fields of dispute resolution,
civil engineering works, banking and finances (taxation, guarantees
and bonds, security and indemnity insurances), process engineering,
chemical engineering plants and oil rigs, maintenance and
demolitions (RICS, 2010: online).
2.3

Recommended fees for Quantity Surveyors

Clause 2 of the 2013 Tariff of Professional Fees Schedule, Gazetted
by the SACQSP in accordance with Section 34 of the Quantity
Surveying Profession Act 2000 (Act No. 49 of 2000), describes three
alternative methods of calculating fees to be charged by a registered
professional Quantity Surveyor (PrQS) for Building work, Engineering
work, Management and Supplementary Services, viz:
The fee shall be a basic fee, multiplied by an appropriate percentage
and shall be apportioned as set out in the distribution of fees to stages
provided that:
•

The basic fee shall be calculated on the value for fee
purposes in the case of building work and engineering work
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on the value for fee purposes but with exclusions for building
work where the final value of any mechanical and electrical
installations and of any civil engineering works ancillary to
building works in respect to the quantity surveyor only performs
a minor service, not applicable in the case of management
and supplementary services.
•

Where a singular contract includes categories covered by
more than one appropriate percentage the basic fee shall
be apportioned to each category before multiplying each
apportionment by the applicable appropriate percentage,
or

•

Where, in respect of replication, minor differences and work
measured provisionally, are individually adjusted in the final
account, the value of measured work of both omissions and
additions in respect of such adjustments shall be added to the
value of non-replication work for fee calculation purposes.

3.

Research methodology

A quantitative research method was employed, described by
Borrego, Douglas & Amelink (2009: 54) as good for approaches,
in which a theory or hypothesis justifies the variables, the purpose
statement, and the direction of the narrowly defined research
questions. The hypothesis ‘Discounting of fees have a negative effect
on the rendering of Quantity Surveying services’ is being tested
through the phrasing of the research questions which all aim to
determine to what extent Quantity Surveyors allow discount on their
fees for professional services rendered.
The review of the literature resulted in the formulation of a questionnaire
divided into two sections, namely a biographical section and a
section related to discounting practices. The biographical section
was included in order to test for significant differences between the
selected biographical factors. The section on discounting practices
consisted of five questions pertaining to the construction life cycle
stages.
Closed-ended questions were preferred, as they reduce the
respondent’s bias (Akintoye & Main, 2007: 601). The respondents
were given the opportunity to make relevant personal opinions and
general comments at the end of the questionnaire.
Structured questionnaires were distributed electronically, with the
assistance of the Association of South African Quantity Surveyors
(ASAQS), to a random sample of 67 Quantity Surveying firms to avoid
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bias of views. It must be noted that the views of clients on discounting
of fees did not form part of this study. The data were captured
using a Micro-Soft Excel spreadsheet, upon which the findings were
evaluated and deduced in terms of the benchmarks derived from
the foregoing literature review.
According to Moyo & Crafford (2010: 68), contemporary builtenvironment survey response rates range from 7% to 40% in general.
The questionnaire achieved an acceptable response rate of 40.3%.
From analysis of the data provided, conclusions were reached and
recommendations formulated. Although strict confidentiality was
guaranteed, the majority of the respondents were hesitant to disclose
information regarding their discounting or “fee-cutting” practices,
which resulted in some questionnaires being somewhat incomplete.
3.1

Data analysis and interpretation of findings

A 5-point Likert scale was used to obtain the opinions of the
respondents and to analyse the results. Leedy & Ormrod (2005: 185)
maintain that Likert scales are effective to elicit participants’ opinions
on various statements.
For the purpose of analysis and interpretation, the following scale
measurement was used regarding mean scores: ‘never’ (≥1.0 & ≤1.8);
‘seldom’ (>1.8 & ≤2.6); ’frequently’ (>2.6 & ≤3.4); ’usually’ (>3.4 & ≤4.2)
and ‘always’ (>4.2 & ≤5.0).
When using Likert scale-type scales it is imperative to calculate and
report Cronbach’s alpha coefficient for internal consistency reliability
for any scales (Gliem & Gliem, 2003: 88). Reliability is the extent to
which a measuring instrument is repeatable and consistent (Maree
& Petersen, 2007: 214). Maree & Pietersen (2007: 216) suggest the
guidelines for the interpretation of Cronbach’s alpha coefficient as
follows: 0.90 – high reliability, 0.80 – moderate reliability and 0.70 – low
reliability.

4.

Results and findings

4.1

Responses

The majority of responses were received from senior Quantity
Surveying practitioners:
•

Seventy-two percent (72%) were between 30 and 59 years
of age;

•

Eighty-three percent (83%) were male;
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•

Sixty-four percent (64%) held an Honours degree, and

•

Sixty-four percent (64%) were the firm’s Managing Director,
Director or Partner.

The above profiles indicate that the responses were received from
senior members of the Quantity Surveying profession and that the
results could thus be considered reliable.
4.2

Project costs and relative discounts

Figure 2 reflects project costs ranging from R500 000 to R16 million,
and related fee discounts offered. Of the respondents, 3% indicated
that they were willing to allow up to 5% discount; 14% were prepared
to allow between 5% and 10% discount; 17% would allow between
10% and 15%, while 10% of the respondents would grant discounts of
between 15% and 20%.

Figure 2:

Discounts per project cost ranges

Respondents also commented that, for projects exceeding R100
million in value:
•

discounts of between 25% and 40% had been given;

•

any discount below 25% would provide a good return for
services rendered;

•

a project of straightforward design and larger in value would
elicit a higher discount, while lower discounts would apply to
more complicated designs of lesser value, and

•

regular clients would receive preferential discounts of 10%
(average).
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A number of respondents mentioned that they made use of a
proportionate scale of discounting linked to construction costs. For
example, up to a certain project cost, discounting would be at a
flat rate which would decrease proportionately as the project costs
increased.
Furthermore, the survey results clearly illustrated that the higher the
project cost, the greater the willingness on the part of consultants to
allow discounts on their professional fees.
4.3

Construction life cycle stages

This section focused on the traditional services rendered by Quantity
Surveyors during the construction life cycle from inception through to
project close-out in terms of the SACQSP Tariff of Professional Charges,
2013. Although respondents indicated different discount rates for the
various stages of the project cycle, it is evident that Quantity Surveyors
ultimately give an overall discount rate on the total fee package. The
results as per stages were according to the questionnaire structure.
The Cronbach’s alpha coefficient of reliability was determined for
each of the scale scores derived from the group items, as indicated
in Tables 1 to 5. The results are shown in each table. Cronbach’s alpha
interpretation levels as evidence of reliability (internal consistency)
are described as ‘excellent’ (≥ 0.80) (Nunally, 1978: 85). The fact that
the alphas are almost equal to 1.00 implies that the items per factor
are highly correlated.
4.3.1

Stage 1: Inception

With the core project deliverable for Stage 1, advising on the
procurement policy for the project, the majority of the respondents
(68%) frequently to always allowed a discount on their fees during
Stage 1. It could be argued that Quantity Surveyors are willing to allow
for a discount factor (in some instances, a substantial discount rate)
due to the relatively low input during this stage. No table needed to
present the results, as only 1 variable is applicable.
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4.3.2

Stage 2: Concept and viability

Table 1 represents core activities rendered during the concept and
viability stage of a project. These activities were tested individually to
determine whether discount is allowed on the fees for professional
services rendered.
Concept and viability

1

2

3

4

5

Mean

1 = Never, 3 = Frequent, 5 = Always

Unsure

Table 1:

Agreeing the documentation
programme with the principal
consultant and other professional
consultants

7%

18%

29%

18%

25%

3%

3.37

Attending design and consultant
meetings

4%

25%

21%

21%

25%

4%

3.41

Reviewing and evaluating
design concepts and advising on
viability in conjunction with other
professional consultants

4%

32%

14%

21%

21%

8%

3.27

Preparing preliminary and
elemental or equivalent estimates
of construction cost

7%

24%

29%

11%

29%

0%

3.29

Liaising, co-operating and
providing necessary information to
the client, principal consultant and
other professional consultants

11%

22%

19%

15%

30%

3%

3.31

Preliminary estimate(s) of
construction cost*

12%

31%

23%

7%

27%

0%

3.08

Elemental estimates*

11%

37%

19%

14%

19%

0%

2.93

Services

Average

3.24

Cronbach’s alpha: 0.96 (high reliable)
* Project deliverables

According to the responses presented in Table 1, the majority of the
respondents (67%) frequently to always allow a discount in attending
design and consultation meetings; over half (56%) of the respondents
frequently to always grant a discount on the review and evaluation
of design concepts and advice on project viability, and 69% allowed
a discount in the preparation of preliminary and elemental or
equivalent estimates of construction cost.
Regarding preliminary estimates of construction cost and elemental
estimates, more than half of the respondents (57% and 52%,
respectively) frequently to always allow a discount.
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An average mean score of 3.24 related to all activities listed in Table
1 clearly indicates that Quantity Surveyors frequently discounted fees
relating to Stage 2.
4.3.3

Stage 3: Design and development

Table 2 represents core activities rendered during the design and
development stage of the project cycle. These activities were tested
individually to determine whether discount is allowed on the fees for
professional services rendered during this stage.
Design and development

1

2

3

4

5

Mean

1 = Never, 3 = Frequent, 5 = Always

Unsure

Table 2:

Reviewing the documentation
programme with the principal
consultant and other professional
consultants

7%

31%

29%

18%

11%

4%

2.93

Attending design and consultant
meetings

4%

39%

14%

25%

14%

4%

3.07

Reviewing and evaluating
design and outline specifications
and exercising cost control
in conjunction with the other
professional consultants

7%

36%

18%

21%

14%

4%

3.00

Preparing detailed estimates of
construction cost

11%

36%

18%

21%

14%

0%

2.93

Preparing detailed estimates of
construction cost

11%

28%

18%

21%

18%

4%

3.07

Detailed estimate(s) of
construction cost*

15%

48%

11%

15%

11%

0%

2.59

Services

Average

2.93

Cronbach’s alpha: 0.97 (high reliable)
* Project deliverables

The results illustrate that the majority of the respondents (63%) seldom
or never allow discounts on detailed estimate(s) of construction
cost, and that the highest percentage of respondents per activity
falls in the ‘almost never’ range. It can be interpreted that Quantity
Surveyors are reluctant to allow any form of discount during Stage 3
of the project cycle due to the extent of input during this stage. This is
further supported by an average mean score of 2.93.
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4.3.4

Stage 4: Documentation and procurement

Table 3 indicates the core activities relative to the documentation
and procurement stage of the project. These activities were tested
individually to determine whether discount is allowed on the fees for
professional services rendered during this stage.
Documentation and procurement
1

2

3

4

5

Mean

1 = Never, 3 = Frequent, 5 = Always

Unsure

Table 3:

Attending design and consultants
meetings

7%

33%

26%

19%

11%

4%

2.92

Reviewing working drawings for
compliance with the approved
budget of construction cost and/or
financial viability

7%

37%

26%

19%

7%

4%

2.81

Preparing documentation for both
principal and subcontract

11%

25%

39%

11%

14%

0%

2.93

Assisting the PA

11%

39%

25%

11%

11%

3%

2.70

Assisting with financial evaluation
of tenders

11%

37%

22%

7%

19%

4%

2.85

Assisting with preparation of
contract documentation for
signature

11%

31%

31%

11%

12%

4%

2.80

Budget of construction cost*

19%

42%

19%

12%

8%

0%

2.46

Tender documentation*

15%

27%

35%

15%

8%

0%

2.73

Financial evaluation of tenders*

15%

35%

27%

12%

11%

0%

2.69

Priced contract documentation*

15%

31%

27%

15%

12%

0%

2.77

Services

Average

2.77

Cronbach’s alpha: 0.98 (high reliable)
*Project deliverables

Results revealed that the majority of Quantity Surveyors frequently to
never allow some form of discount on fees during this stage. With a
supportive average mean score of 2.77, indicating lesser willingness
of Quantity Surveyors to allow for a discount, it could be argued that
Quantity Surveyors are of the opinion that due to the time spent
during this stage, lesser discount, if any, will be granted.
4.3.5

Stage 5: Construction

Table 4 stipulates the core Quantity Surveying functions during the
construction stage. These functions were tested individually to
determine whether discount is allowed on the fees for professional
services rendered during this stage.
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Construction

1

2

3

4

5

Mean

1 = Never, 3 = Frequent, 5 = Always

Unsure

Table 4:

Preparing schedules of predicted
cash flow

4%

39%

25%

25%

7%

0%

2.93

Preparing pro-active estimates
for proposed variations for client
decision-making

4%

43%

21%

25%

7%

0%

2.89

Adjudicating and resolving
financial claims by the
contractor(s)

11%

43%

18%

18%

10%

0%

2.75

Assisting in the resolution of
contractual claims by the
contractor(s)

18%

39%

14%

18%

11%

0%

2.64

Establishing and maintaining a
financial control system

14%

39%

22%

14%

11%

0%

2.68

Preparing valuations for payment
certificates to be issued by the
principal agent

7%

50%

18%

14%

11%

0%

2.71

Preparing final account(s) for the
works on a progressive basis

11%

48%

15%

19%

7%

0%

2.63

Schedule(s) of predicted cash
flow*

11%

43%

21%

18%

7%

0%

2.68

Services

Estimates of proposed variations*
Financial control reports*
Valuations for payment
certificates*
Progressive and draft final
account(s)*

7%

43%

29%

14%

7%

0%

2.71

14%

43%

18%

14%

11%

0%

2.64

7%

39%

29%

14%

11%

0%

2.82

10%

43%

25%

11%

11%

0%

2.68

Average

2.73

Cronbach’s alpha: 0.99 (high reliable)
*Project deliverables

It is evident from Table 4 that, with an average mean score of 2.73,
Quantity Surveyors almost frequently allow for discounts on fees
during Stage 5 of the project cycle. However, Table 4 also reflects that
more than half of the respondents never to almost never (rankings 1
and 2) allowed discounts on their fees for services rendered during
the project construction stage. It can be interpreted that this stage
generates the highest proportion of professional fees, and that
discounts allowed could be detrimental (to the client, the firm and
the project) in terms of the delivery of services.
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4.3.6

Stage 6: Close-out

Table 5 shows the core activities for the close-out stage. These activities
were tested individually to determine whether discount is allowed on
the fees for professional services rendered during this stage.

Services
Preparing valuations for payment
certificates to be issued by the
principal agent

1 = Never, 3 = Frequent, 5 = Always
1

2

3

4

5

14%

36%

25%

11%

14%

Mean

Close-out
Unsure

Table 5:

0% 2.75

Concluding final account(s)

18%

36%

21%

11%

14%

0% 2.68

Valuations for payment certificates*

18%

32%

25%

14%

11%

0% 2.68

Final account(s)*

19%

31%

23%

15%

12%

0% 2.69

Average

2.70

Cronbach’s alpha: 0.99 (high reliable)
*Project deliverables

Opinion was equally divided (50%) on discounting of fees to be
charged for preparing valuations for payment certificates and final
accounts, but fees due for concluding final accounts would be
discounted by only 46% of the respondents.
Responses supported by the average mean score of 2.70 reflected in
Table 5 indicate that Quantity Surveyors frequently allow discounts on
Stage 6 of the project cycle.
4.4

Respondents’ general opinions/comments

Respondents were given the opportunity to express general
comments related to discounting of fees. The comments could be
summarised as follows:
•

Respondents were aware that fees were discounted at
various levels and that this practice has a negative impact
on the quality of services rendered.

•

Discounting of fees encourages negative unethical behaviour
among professionals in the built environment.

•

Less than half of the respondents (42%) commented and are
of the opinion that procurement documents do not meet the
pre-requisite minimum standard.

•

The majority of the respondents admitted that they have
discounted their fees.
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In response to the question as to whether or not they would approve a
return to the statutory minimum professional fee scale (withdrawn on
12 December 1988) rather than maintain the current recommended
tariff of professional fees, the majority of the respondents:
•

67%, stated their supportive agreement;

•

81%, strongly recommended that the current SACQSP
Recommended Tariff of Professional Fees be expanded to
include a clause that would regulate fee discounts.

The majority (78%) of the respondents reported an increasing
frequency among clients who expected a discount on consultants’
professional fees, and 74% noted that these demands had significantly
increased since 2008.
In response to the question related to the effect of discount on service
quality, which also tested the hypothesis, results indicated that 74.5%
of the responding Quantity Surveyors agreed that, where discount is
given, it will have a negative impact on the quality of services to be
rendered.
Furthermore, less than half (46%) of the responding Quantity Surveyors
spend less time on estimating, while 48% of the respondents admitted
that they have reduced the input time in producing procurement
documents, which resulted in incomplete documents.
Over half (57%) of the respondents also indicated that they ‘cut time’
on the preparation of the final account; instead, they are leaving it
up to the contractor to do most of the work.

5.

Conclusions

As indicated in the results in Tables 4 and 5 (the two stages where the
most discounts are allowed) as well as in 4.4, the findings relative to
the hypothesis show that, where discount is given, it will indeed have
a negative impact on the quality of services to be rendered. This is
supported by the results of less time spent in producing procurement
documents and ‘cutting time’ on the preparation of the final account.
Findings emanating from the study indicate that, under current
South African economic conditions (dating from 2008 to current),
discounting of professional fees is widely practised by PrQSs. Many
of the practitioners are taking advantage of discounting merely as
a tool to compensate for the shortage of work due to the shrinking
economy. However, this practice rests on a two-edged sword. When
a firm enjoys sustained cash flow arising from a substantial number
of appointments, the increased turnover will support discounts being
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granted to clients. However, when work is scarce during low-growth,
highly competitive market conditions, fewer projects are developed,
firms’ cash flow (generally) is reduced and discounting of professional
fees should be treated with caution. Furthermore, firms that have
engaged in allowing excessive discounts over an extended period
may find that their financial stability is severely threatened beyond
break-even point and eventually be unable to absorb their day-today operating expenses, resulting in insufficient funds being available
to cover unforeseen expenditure.
It is further confirmed by PrQSs that discounting of fees has a negative
effect on service quality to a certain extent; this is detrimental to the
Quantity Surveying Profession and constitutes a breach of the Code
of Professional Conduct (2005).

6.

Recommendations

With respect to the hypothesis, the findings show that an effort to
investigate the effect of discounting on Quantity Surveyors’ fixed fee
agreements is necessary. In addition, it is recommended that further
research be conducted on discounting of fees charged by Quantity
Surveyors for rendering non-traditional services.
According to the results, it is imperative that the SACQSP should
introduce regulations governing the rate of discount offered by
Quantity Surveyors for professional services rendered, to be linked to
the value of the project.
It is recommended that the current international economic
environment necessitates assessment and, accordingly, adaptation
of the SACQSP recommended Tariff of Professional Fees Schedule.
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Abstract
This article describes strategic design decisions that architects can make during
the initial stages of a project to minimise the use of construction materials,
reduce carbon emissions and increase energy efficiency. A proposed
prototypical Bus Rapid Transit (BRT) station Switch is used as a case study. The
investigation focuses on minimising the use of construction materials through an
iterative design and assessment process.
This article extends an earlier study which analysed existing BRT stations in South
Africa by conducting comparative life-cycle analyses (LCA). The earlier study
by Hugo, Stoffberg & Barker (2012) identified a series of guidelines to inform the
design of low-carbon and embodied energy BRT stations and determined a
specific station, the MyCiti station, as the most efficient in terms of its carbon
footprint and embodied energy intensity. As a result, the MyCiti station was
identified as benchmark for future LCAs of station designs.
The Switch prototypical BRT station is purpose designed for the Tshwane1 context
and uses the identified guidelines (Hugo, Stoffberg & Barker, 2012) as well as
carbon footprint (CF) and embodied energy (EE) of construction systems and
materials as design informants generated from a study conducted by Jones
(2011b). These informed material choices, use of low-carbon structural systems
and integration of multifunctional station components.
A cradle-to-gate2 life-cycle assessment compares the CF and EE of the Switch
station and an existing South African precedent, the MyCiti station in Cape
1

Tshwane, located in the Gauteng province, is the fourth most populated metropolis
in South Africa, yet covers the largest area.

2

Cradle-to-gate refers to the energy consumption of materials that includes
extraction, transportation and processing until the product leaves the
manufacturing plant.
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Town. The Switch station is 35% and 34% (4.08 GJ/m2 & 378.6kgCO2/m2 vs
6.28 GJ/m2 & 574.7kgCO2/m2) more efficient than the existing MyCiti station, in
terms of respective embodied energy intensity and carbon-footprint intensity.
This prototype is proposed as a benchmark for prospective life-cycle analyses
to inform the material choice and design of future BRT stations in South Africa.
Keywords: Bus Rapid Transit stations, carbon footprint, climate change,
embodied energy, life-cycle assessment, construction materials

Abstrak
Hierdie artikel bespreek strategiese besluite wat argitekte kan neem tydens
die aanvanklike ontwerpsfase van ‘n projek om die gebruik van konstruksiemateriaal te verminder, by te dra tot die mitigasie van klimaatsverandering en
energiedoeltreffendheid te verbeter. Deur gebruik te maak van ‘n voorgestelde
‘Bus Rapid Transit’ (BRT) stasie Switch, as gevallestudie, fokus die studie op die
vermindering van konstruksie-materiaal verbruik deur iteratiewe ontwerps- en
hersieningsprosesse.
Die artikel brei uit op ‘n vorige studie waarin bestaande BRT-stasies in SuidAfrika geanaliseer is. Deur gebruik te maak van ‘n vergelykende lewenssiklusanalise (LSA) het die studie deur Hugo, Stoffberg & Barker (2012) ‘n reeks riglyne
geïdentifiseer wat die ontwerp van ‘n lae koolstof en ingeslote energie BRT‑stasie
kan inlig. Verder het die studie ook ‘n spesifieke stasie, die MyCiti-stasie,
geïdentifiseer as die mees effektiewe stasie in terme van sy koolstofinhoud en
ingeslote energie intensiteit. Hierdie stasie is as normtoets vir toekomstige LSA’s
van stasie-ontwerpe geïdentifiseer.
Die Switch prototipiese stasie is spesifiek ontwerp vir die Tshwane-konteks3
en maak gebruik van spesifieke riglyne (Hugo et al., 2012) sowel as die
koolstofinhoud en ingeslote energie van konstruksie-materiaal en -sisteme as
ontwerpsinvloede. Hierdie koolstofinhoud en ingeslote energiewaardes bereken
van ‘n studie onderneem deur Jones (2011b) was die bepalende faktor vir die
materiaal keuse, gebruik van lae koolstofkonstruksiesisteme en die integrasie
van veeldoelige stasiekomponente.
Die ‘cradle-to-gate’-LSA4 vergelyk die koolstofinhoud en ingeslote energie van
die Switch-stasie met ‘n bestaande Suid-Afrikaanse stasie, naamlik die MyCitistasie in Kaapstad. Die navorsing (Hugo et al., 2012) onthul dat die Switch-stasie
onderskeidelik ‘n 35% en 34% (4.08 GJ/m2 & 378.6 kgCO2/m2 vs. 6.28 GJ/m2 &
574.7 kgCO2/m2) laer ingeslote energie en koolstofinhoudintensiteit het as die
bestaande MyCiti-stasie.
Hierdie prototipe fokus daarop om as normtoets vir toekomstige
lewensiklusanalises, die materiaal keuse en ontwerp van daaropvolgende BRTstasies te begelei.
Sleutelwoorde: ‘Bus Rapid Transit’-stasies, ingeslote energie, klimaatsverandering,
koolstofinhoud, lewensiklusanalise, boumateriale

3

Die Tshwane-metropool is geleë in Gauteng. Alhoewel dit slegs die vierde digste
populasie huisves, beslaan dit die grootste oppervlakte van alle Suid-Afrikaanse
stede.

4

“Cradle-to-gate” stel die energieverbruik van materiale voor en sluit die ontguning,
vervoer, verwerking/vervaardiging in tot by die punt waar die produk die fabriek
verlaat.
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1.

Introduction

Global resource consumption and climate change severely impact on
our cities and society5 and are caused by a series of polluting sectors,
of which transportation is one of the main contributors. Transportation
pollution has steadily increased since the 1970s. It currently contributes
22% to global greenhouse gas emissions and consumes 19% of global
energy consumption (Parry, Canziani, Palutikof, Van der Linden &
Hanson, 2007: 105; IEA, 2010: 19; IEA 2013: 9). A further 40% increase in
global carbon emissions in this sector can be expected by 2030 (IEA,
2010: 19).
Bus Rapid Transit (BRT) systems have been implemented worldwide
to address the problem of increasing greenhouse gas emissions
and urban air pollution (Wright & Fulton, 2005: 710-711; Vincent &
Jeraam, 2006: 233; McDonnell, Ferreira & Convey, 2008: 750-751;
Wöhrnschimmel, Zuk, Martinez-Villa, Cerón, Cárdenas, Rojas-Bracho &
Fernández-Bremauntz, 2008: 8194, 8198-8199; Nugroho, Fujiwara &
Zhang, 2010: 915, 922-923). In addition to mitigating climate change,
BRT systems also promote corridor development (Pienaar, Van
Den Berg & Motuba, 2007: 426; Wright & Hook, 2007: 87; Deng &
Nelson, 2013: 111), improve access and passenger safety (Pienaar,
Van Den Berg & Motuba, 2007: 426; Advanced Logistics Group,
2008: 15; Deng & Nelson, 2013: 109), and increase mobility in urban
environments (Advanced Logistics Group, 2008: 2, 4; Deng & Nelson,
2013: 109-110).
This article forms part of a larger research project6 that focuses on
architectural design and its potential to mitigate climate change
(Hugo, 2010). Materials selection in architecture is compared as
a potential variable to minimise embodied energy (EE),7 carbon

5

Various studies have revealed increases in ambient temperatures, flooding, rising
sea level and extreme weather conditions aggravated by climate change. These
negatively impact the general living standards, health, economy and resilience of
inhabitants within cities globally (Sherbinin, Schiller & Pulsipher, 2007: 39-40; Ramos
& Kahla, 2009: 262; Walker & King, 2008: 41-68; Roaf, Crichton & Nicol, 2009: 16-17,
58-90, 134-147; Lui & Deng, 2011: 188; Vijayavenkatarama, Iniyan & Goic, 2012:
879‑882, 884).

6

This study forms part of a South African climate change mitigation project, initiated
and developed by the United Nations Development Programme (UNDP) and
Global Environment Facility (GEF).

7

Embodied energy refers to the total amount of energy (Joule) used during the
manufacture of a good; this is accepted as embodied in the good (Irurah, 1997: 10).
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footprint (CF)8 and energy efficiency (Hugo, 2010; Hugo et al., 2012;
Basbagil, Flager, Lepech & Fischer, 2013: 88-89).
In the light of the conclusions drawn by Cui, Niu, Wang, Zhang, Gao &
Lin (2010), who question the energy efficiency of BRT infrastructure,
and as BRT systems are currently planned and implemented in a
number of South African cities, the study addresses energy efficiency
in BRT infrastructure, with particular focus on BRT trunk-route stations
(Hugo, 2010; Hugo et al., 2012).
1.1

Objective

This article aims to improve the design of BRT trunk-route stations by
using CF and EE as informants and a set of guidelines identified in
a previous study (Hugo et al., 2012). This earlier LCA study (Hugo et
al., 2012) critically analysed the CF and EE of selected South African
BRT stations and generated and identified design guidelines. The
current study sets out to test these design principles and methods.
Using a single comparable unit from the previous study, namely the
BRT stations, allows assessment and quantification of the final design
outcome against existing precedents. The proposed Switch station
aims to specifically act as benchmark for the design of future BRT
stations, while generally promoting embodied carbon and energy
accountability in the built environment.
1.2

Rationale

Although various international LCA studies analyse a variety of
building types (Mithraratne & Vale, 2003; Thormark, 2006; Rai,
Sodagar, Fieldson & Hu, 2011; Kofoworola & Gheewala, 2009;
Ramesh, Prakash & Shukla, 2012; Varun, Sharma, Shree & Nautiyal,
2012), little research has focused on the environmental efficiency of
transportation buildings. In addition, substantial international studies
have proved the effectiveness of the BRT systems in mitigating
climate change in terms of vehicle designs, fuel consumption and airpollution minimisation (Wright & Fulton, 2005; Vincent & Jeraam, 2006;
McDonnell et al., 2008, Wöhrnschimmel et al., 2008, Nugroho et al.,
2010). Yet only one study, undertaken by Cui et al. (2010), highlights
the high CF and EE inputs of a typical BRT system. In response, this
study focuses on the use of construction material of BRT infrastructure,
in particular the BRT trunk-route station.

8
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Carbon footprint refers to the carbon equivalent (CO2eq) emissions emitted during
the product’s extraction and processing (Jones, 2011a: 1).
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The study acknowledges that the modal change from private
to public transport use enabled by BRT systems fully justifies their
implementation in terms of reducing CO2 emissions. Furthermore, BRT
systems generally require extensive infrastructure, demanding high
CF and EE inputs, increasingly more than what is required for trunkroute stations. The value of this research does not necessarily reside
in the magnitude of emission reduction in comparison to the larger
BRT system. It resides in illustrating that the seemingly conventional
choices made during infrastructure development could be positively
challenged to resolutely reduce environmental impacts and
enhance an environmentally conscious design ethos.
As both the Tshwane and Cape Town BRT systems’ first phases require
48 and 43 trunk-route stations, respectively, with more to follow in
subsequent phases (Advanced Logistics Group, 2008: 9; City of Cape
Town, 2010: 9, 36), any energy savings made in each station will
benefit the sustainability of the ever-expanding network, providing
design, construction and maintenance benefits over time. At one
end of the scale, the study aims to provide ‘energy-efficient’ design
guidelines for future South African BRT stations and, at the other
end of the scale, by implication, strategic design decisions for other
impending architectural projects.
The current research project’s core strength resides in the
conclusions drawn from the comparative analysis as example of the
environmental impact that definitive choices of alternative materials,
design approaches, principles and philosophies have on one key
component of the BRT system. This perception illustrates that, should
the design of the BRT system follow similar principles in mitigating
climate change and reducing its carbon footprint, then substantial
reductions in carbon dioxide emissions could be obtained for future
decades.
This article assumes that any saving in carbon emissions is a justification
for research and reporting. Baseline data and reporting, as Datum
projects, are integral for the development and pursuit of higher tiers
in research projects (Stocker, Qin, Plattner, Tignor, Allen, Boschung,
Nauels, Xia, Bex & Midgley, 2013: 129), from which fundamental
arguments and methods could be derived. To this end, this article
builds on previous research by the same authors’ attempts to address
serious shortcomings in available CF and EE data in both South Africa
and Africa (Abanda, Nkeng, Tah, Ohandja & Manjia, 2014: 20-21).
It also provides a basis for further research and comment by fellow
researchers, as witnessed by the previous article by Hugo et al. (2012)
that was constructively integrated in a study by Abanda et al. (2014).
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This current study is based on a previous comparative LCA study
(Hugo et al., 2012), which tested one proposed and two existing South
African BRT trunk-route stations regarding the CF and EE intensity
of their construction material use. The study set out to establish an
objective conclusion by generating a single comparable figure for all
the different designs. Although it may have disregarded qualitative
aspects, by setting delimitations and assumptions beforehand, it
objectively collates different subjects enabling their comparison (Fay,
Treloar & Lyer-Raniga, 2000: 32, 36; Rai et al., 2011: 2271-2273).
Using the BRT trunk-route stations as modular units provided a unique
opportunity for a comparative LCA study of different designs (Hugo
et al., 2012). From the previous study undertaken by Hugo et al. (2012)
an existing BRT station, MyCiti station, was benchmarked as the most
CF- and EE-efficient solution. In addition, the preceding study also
established a set of guidelines to improve the CF and EE efficiency
of future design.
The guidelines were tested and utilised in the design of a prototypical
BRT station, namely Switch. Using these guidelines at the conception
of the project, as suggested by Basbagil et al. (2013), and iteratively
analysing the design’s CF and EE intensity, the Switch prototype proved
to contain a lower CF and EE intensity than the MyCiti station. This
comparative LCA study aims to prove that a CF and EE improvement
can be made with the Switch prototype by using readily available
and widely used South African construction materials.

2.

Methodology

2.1

The study area

The BRT system of the City of Tshwane was used as the basis for the
study. This BRT system is meant to address the growing problem of
inefficient public transport and restricted mobility within the city
(Olivier, 2009: 4). It will link the isolated suburbs on the outskirts of
Tshwane with each other and with the city centre (Figure 1).
The phased implementation of the BRT system will commence
with Route One that links Mabopane, a suburb to the north, with
Pretoria Main Station (Advanced Logistics Group, 2008: 5-6) and
Route Two which is planned to link the eastern suburb, Mamelodi,
with Bel Ombre station in the city centre (Advanced Logistics Group,
2008: 69). The Switch station prototype was specifically designed
for Route One, which predominantly runs in a north/south direction
(Figure 1) (Advanced Logistics Group, 2008: 69) and responds to a
50
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context ranging from dense urban environments to lower scaled
suburbs lacking basic infrastructure.

Figure 1:

Planned route structure for Tshwane

Source:

Hugo, 2010: adapted from a presentation by Olivier, K., BRT presentation:
Salvokop Workshop 9 February 2009

2.2

Establishing station design parameters

The Switch station has been designed according to the South
African National Road Agency Limited (SANRAL)9 regulations10 and
international best practice, as set out by The Tshwane Bus Rapid
Transit Operational Plan (Advanced Logistics Group, 2008) and Bus
Rapid Transit Guide (Wright & Hook, 2007).
9

South African National Roads Agency Limited (SANRAL) is an independent statutory
company authorised to finance, maintain, manage and improve the South African
national road system.

10 These design regulations specify the station’s length, while station’s width relates to
the quantity of commuters using the station during its peak occupation hour.
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The enclosed station requires that it be raised 940mm11 above
ground level and located on the road median (Advanced Logistics
Group, 2008: 78). It should accommodate 6 400 commuters per hour
(Advanced Logistics Group, 2008: 76), sized according to design
parameters provided by Lloyd Wright and Walter Hook (Bus Rapid
Transit Guide 2007). The prototype was sized to the minimum required
length for a double-bay station (Advanced Logistics Group, 2008: 78)
with the option of adding or removing a bay (Figure 5). The station
(Figure 6) also accommodates busses running in opposite directions
(Advanced Logistics Group, 2008: 78).
2.3

The design process

2.3.1

Design guidelines

The low-carbon design objective resulted in a specific station
form, structural system and material use. In order to substantially
improve a design’s CF and EE efficiency, pertinent decisions must
be made during the initial design phases, rather than implementing
negligible changes on the final design resulting in small CF and EE
improvements (Thormark, 2006: 1025; Cui et al., 2010: 333, 335; Basbagil
et al., 2013: 81-82). Therefore, it is important to focus on verifiable and
influential design principles to guide the design before it has been
fully defined. In this study, initial design decisions were informed by a
design framework developed in a previous study (Hugo et al., 2012)
and summarised in the following four strategies:
•

Minimising the internal volume of the station to achieve
spatial economy.

•

Dematerialisation and scaling of building form and structure
to improve resource efficiency (Van Der Ryn & Pena, 2002:
243-244).

•

Dematerialising the station components by assigning multiple
functions to these components (Van Der Ryn & Pena, 2002:
243-244; GBCSA, 2008: 261).

•

Using low-carbon structural technologies and materials.

11 At the time of the study, the required height was 940mm above ground level;
subsequently, the Tshwane BRT system lowered the required station base level
to 340mm (Venter, 2012: 24). The preceding station base height was retained for
comparison purposes.
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2.3.2

Iterative CF and EE testing process

A series of design iterations was conducted to investigate and test
the CF and EE intensity of various structural systems and materials for
the design. “Embodied Carbon. The Inventory of Carbon and Energy
(ICE)” database12 (Jones, 2011b: 33-169) was used to compare the
different design solutions. The identification and application of the CF
and EE coefficient inventory is discussed in section 2.4. By assessing
the structural attributes of the different structural systems, their CF and
EE efficiency revealed a series of efficient solutions which improved
the final design’s performance in terms of its CF and EE.
Although the main objective of the study was to minimise the CF
and EE of the structure, achieving energy autonomy13 was an
important secondary objective. Strategies of on-site energy resources
harvesting and minimising energy consumption, using passive heating
and cooling technologies and natural daylighting strategies were
iteratively tested and analysed using Ecotect®14.
2.4

Conducting the comparative life-cycle analysis

The final LCA compared the CF and EE of the Switch station design
(Figure 4) with an existing precedent, the MyCiti station in Cape Town,
designed by ARG Design (Figure 2).

12 The ICE Database, developed by G. Hammond and C. Jones at the University
of Bath, is a comprehensive inventory defining the CF and EE of a wide range of
building materials. It was specifically developed for the built environment to assist
with embodied carbon and energy accountability and guide the industry in an
effort to minimise their associated CF and EE (Jones, 2011b: 44-45).
13 Autonomous can be defined as a building “operating independently of any inputs
except those of its immediate environment” (Vale & Vale, 1975: 7).
14 The study made use of an environmental analysis tool Ecotect®, distributed by
Autodesk. It was used to simulate the thermal comfort and heat load within the
kiosk by testing the thermal performance of different wall materials and the impact
of various positions of the kiosk within the station.
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Figure 2:

MyCiti station, Granger Bay Station, Greenpoint, Cape Town

Source:

Hugo, 2010: own picture

2.4.1

Choosing an appropriate carbon-footprint and embodied energy
inventory

LCA studies use a wide range of CF and EE data15 pertaining to a
variety of materials and processes in order to quantify their respective
environmental impacts (Fay et al, 2000: 32). It is often impossible
to quantify all energy or carbon inputs which, to some extent,
leads to uncertainty in derived coefficient16 accuracy (Abanda
et al., 2014: 24). Yet, through a process of data identification and
delimitation, LCA studies aim to develop CF or EE inventories17 which
convey, as accurately and precisely as possible, the primary data
applied to these studies, thus limiting analysis discrepancies.
These studies usually employ one of the following two methods: the
process and the input-output analysis. The process analysis collects all
downstream energy inputs related to a certain project and quantifies
its collective impact (Fay et al., 2000: 33). This is very accurate, but
can be a very difficult and time-consuming process for complex
products such as buildings. The input-output process uses the national
statistics of economic exchange between different sectors (Fay et al.,
2000: 33) in order to measure energy consumption. This is theoretically
a more comprehensive method, but it is not site specific.
15 Data refers to the primary and secondary research and analyses used to quantify
the CF and EE figures of specific materials (Jones, 2011b: 46).
16 Coefficients represent the derived values equating the CF and EE of specific
materials (Jones, 2011b: 46-47).
17 An inventory is a collection of coefficients covering a variety of materials (Jones,
2011b: 46-47).
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Both these methods proved to be unsuccessful for this project.
During the process analysis, the primary data collected on CF and
EE of materials from South African manufacturers proved to be
either insufficient or did not follow similar analysis standards, thus
distorting the inventory coefficient comparison as well as limiting the
scope of materials analysed. Similarly, the input-output analysis was
unsuccessful due to the results published by Statistics South Africa. The
highly aggregated input-output tables do not differentiate between
the different sectors in the construction industry, thus limiting any
interpretation thereof.
Many studies overcome this quandary by collating different CF and
EE coefficients or inventories from a variety of previous studies or
analyses (Kofoworala & Gheewala, 2009; Cui et al., 2010; Ramesh
et al., 2012; Varun et al., 2012). This proves to be problematic as the
delimitation of data scope collected from primary and secondary
data sources could differ, causing coefficient discrepancies.
As a result, a number of other studies (Verbeeck & Hens, 2010; Basbagil
et al., 2013; Abanda et al., 2014) have opted to use existing inventories
that cover a broad scope of materials analysed across identical life
cycles. This current study applied a similar approach, but due to the
lack of local South African primary data available (Abanda et al.,
2014: 20-21), it was decided to make use of a UK-based inventory,
the “Embodied Carbon. The Inventory of Carbon and Energy (ICE)”
(Jones, 2011b: 33-169).
The ICE inventory was developed using a three-stage process. First,
secondary data was collected from peer-reviewed papers, technical
reports and monographs. Secondly, all the data was rated according
to criteria checking whether the research complied with international
LCA standards, age of the data presented, whether clear analysis
boundaries were defined, whether the studies were conducted and
whether CF figures were included. Only current, well-defined and
ISO 14040/44 compliant data were selected. Finally, a single median
coefficient depicting the CF and EE of each material (Jones 2011b:
47-48) was derived from the collected data.
The comparative LCA study utilised the same CF and EE inventory
used in the previous study (Hugo et al., 2012) to ensure an impartial
interpretation of the two case studies. The use of a single CF and EE
inventory ensures the objectivity of the comparison study and allows
one to replicate the analysis in new case studies. It covers a substantial
range of materials, calculating both the CF and EE of each material.
Yet the interpretation of the results is conducted in a comparative
manner, ensuring that the conclusions drawn are only percentages
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and not actual CF and EE values. Therefore, any discrepancies in
the primary data will reflect on both case studies, thus limiting the
likelihood of misinterpretation. In addition, to ensure that the final
interpretation of the LCA results is as accurate as possible, the CF and
EE inventory covers the same cradle-to-gate life cycle as that used in
the LCA study (Jones 2011b: 49).
The CF and EE of the Switch and MyCiti stations were calculated by
assessing the material use of each design. The analysis calculated the
CF2 and EE3, while carbon-footprint intensity (CFI)21 and embodied
energy intensity (EEI)18 were used as comparable variables. This
followed a process of measuring and analysing the total volume of
materials used and applying the following calculation:
Mvolume x Mdensity
Mweight x EEcoefficient
Mweight x CFcoefficient
EEtotal ÷ Floor area
CFtotal ÷ Floor area
2.4.2

= Mweight
= EE total
= CF total
= EEI
= CFI

M – Specific material type
EE – Embodied energy
CF – Carbon footprint
EEI – Embodied energy intensity (per m2)
CFI – Carbon footprint intensity (per m2)

Defining the life-cycle analysis period

Although numerous international LCAs focus on operational energy
consumption of architecture, the recent increase in energy-efficient
buildings has shifted the attention to embodied energy and material
use in architecture (Thormark, 2006: 1025; Jones, 2011: 15; Rai et al.,
2011: 2272; Ambanda et al., 2014: 20).
This study primarily assessed the CF and EE of construction
materials19 used within the BRT stations for the cradle-to-gate
period1. Transportation and on-site construction energies have been
excluded as negligible; respectively, less than 1% for material sourced
within 400 km and less than 3% of the total embodied energy over a
20-year period (Mithraratne & Vale, 2003: 488, 489; Cole, 1999: 343,
347; Ramesh et al., 2012: 160).
Kofoworola & Gheewala (2009) identify the bulk of operational energy
consumption to be attributed to artificial lighting and air conditioning.
Only the ticket offices in BRT stations utilise air conditioning and artificial
lighting; the ticket office of the Switch station has been designed to
use alternative energy-efficient technologies, and the remaining
stations use minimal artificial lighting. Therefore, the operational
18 The energy/carbon intensity quantifies the carbon or energy embodied per square
meter and is used to compare the different station designs.
19 Conduiting, wiring and electrical equipment were excluded from the analysis.
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energy consumption is considerably less than conventional building
types. This is confirmed by an analysis which revealed that, over a
20-year period, it embodies 28% (158 848 vs 543 110 kWh) of the total
life-cycle energy consumption of the Switch station. As the Switch
station uses renewable energy generated by photovoltaic panels,
there are zero operational CO2 emissions produced over a 20-year
period (0.0 t CO2 vs 128,3 t CO2).20
The operation energy consumption only exceeds the embodied
energy after 48.3 years, emphasising the importance of minimising
the construction material used in these stations. Within this period,
large portions of the station would be replaced due to maintenance
and re-branding; therefore, one can conclude that the operational
energy consumption will never exceed the embodied energy of the
station.
The embodied energy of the Switch station is 1 491 115 MJ
3.6 MJ = 1kWh (Thompson & Taylor 2008: 59)
1 383 346 MJ ÷ 3.6 = 384 262.8 kWh
The daily energy consumption of the Switch station is 23.5 kWh
384 262.8 kWh ÷ 21.76 kWh/day = 17 659 days
17 625.5 ÷ 365 = 48.33 years

The embodied energy of the Switch translates into 48.33 years’ energy
consumption.
2.4.3

Elements of the comparative life-cycle analyses

The final LCA compared three aspects. The entire station was
quantified to determine the overall CFI and EEI as well as each
station’s spatial economy.
Secondly, different station components were compared to quantify
their respective CFI and EEI values and impacts on the entire built form:
1.
Station base.
2.
Wall.
3.
Roof structure.
4.
Signage and handrails (Figure 3).21
Finally, the overall material use was calculated to provide insight into
efficient material choices and their impact on the structural systems
used in the station designs.
20 The CF and EE of all electrical equipment, including photovoltaic panels, were
excluded from the study.
21 Note that wall includes the vertical wall structure and glazing, whereas signage and
handrails include the signage towers positioned outside the stations.
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Figure 3:

Structural components of BRT stations

Source:

Hugo et al., 2012: 28

3.

Description of the final design

The Switch station is a linear, low-scaled building on a concrete base
with slanted steel-framed walls, clad with steel mesh and Polymethyl
Methacrylate (PMMA, Perspex) glazing. A steeply sloping roof with
vertical slatted solar screens articulates the entrance (Figures 4, 5
and 7). A continuous lightweight steel roof on slanted steel portal
frames is extended from the entrance roof and covers the remainder
of the station (Figures 5 and 6).

Figure 4:

Conceptual sketch of Switch station, using entrance structure as landmark

Source:

Hugo, 2011: own drawing
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Figure 5:

Elevation of Switch station

Source:

Hugo, 2011: own elevation

Figure 6:

Plan of Switch station

Source:

Hugo, 2011: own plan

Figure 7:

Typical section

Source:

Hugo, 2011: own section
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Figure 8:

Detailed section through station

Source:

Hugo, 2011: own detailed section

4.

Results

4.1

Spatial economy by minimising internal volume

Spatial economy refers to minimising both volume and floor area. As
the floor area of a BRT station has to prescribe to specific SANRAL
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regulations, little improvement can be made in this regard. Therefore,
the study aims to reduce the internal volume in order to minimise
material usage.
A 20.5m2 reduction in floor area has been achieved by restricting
the size of the enclosed waiting space while still providing adequate
circulation space for the commuters. This led to a CF and EE saving of
9.5% (165.3 GJ & 12 t CO2 vs 181 GJ & 13.1 t CO2) of the wall and roof
structure (Figures 5 and 6).
The floor-to-ceiling height of the station has been reduced to the
lowest permissible height, while retaining a comfortable indoor
environment to accommodate BRT bus clearances. The elevated
entrance structure improves legibility, while the compact station form
relates comfortably to the immediate environment (Figures 5 and 7).
4.2

Dematerialisation to optimise efficiency of station form and
structure

The process of dematerialising the station form and structure entails
minimising it, critically analysing and calculating the impact of
minimisation on the station’s structure, construction material use and
spatial economy. It requires an understanding of the building type,
function and footprint, its impact on the urban context, and its value
in the urban hierarchy of building typologies. The structural system
and station envelope were reduced to the simplest possible form to
suit the functional and structural requirements. A simple robust portal
frame structural system is used to reduce footprint and minimise the
required structural spans. All secondary structural systems and station
components are simplified to the bare essentials.
To address resource efficiency, the station walls are slanted to maximise
floor area, while limiting enclosing material usage and minimising
overhead space above the commuters (Figure 7). By slanting the
portal frame at 10 degrees, the effective span is shortened (Figures 7
and 8), saving 17% of the primary steel structure and minimising the
number of steel purlins required (Hugo, 2010: 279).
The envelope design collapses the robust main structure (portal
frames) and secondary wall structure into a single entity, thus
improving on existing precedents (Hugo et al., 2012: 30-32). By fixing
the steel-angled studs to the steel crossbeams and primary supports,
the structure and enclosing envelopes are integrated into the same
plane (Figure 8). The integrated structure and envelope saves 37%
in terms of CFI (50.9 vs 80.0 kgCO2/m2) and 25% in terms of EEI (920.9
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vs 1 232.9 MJ/m2) compared to the typical South African BRT station
designs analysed by Hugo et al.(2012).
A single continuous lightweight steel roof (which covers the entire
station) is fixed to a steel portal frame system which is, in turn, fixed
to the substructure at 4.5m intervals (Figures 5 and 7). Lateral steel
square section beams are welded on site onto the pre-manufactured
portal frames. The station building is stabilised by a diagonally formed
entrance structure (Figure 5) which removed the need for additional
bracing structures, saving 8% (513.9 kgCO2 and 7 075 MJ) of the total
CF and EE of the main structure.
4.3

Dematerialisation by developing multifunctional
components

Three multifunctional components are utilised to improve the Switch
station’s resource efficiency. The station’s steeply sloping entrance
roof protects the user within, acts as a landmark and harvests
photovoltaic (PV) energy (Figure 5). The slope of the entrance roof
was informed by the specific angle for the optimum use of PV panels
in Tshwane which eliminates the need for additional fixing structures
for the panels (Figure 5).
The station base acts as an energy and water resource store,
while securely containing sensitive electronic equipment. The front
section of the station base houses batteries and an inverter for the
photovoltaic systems as well as rainwater-harvesting tanks. A large
portion (56%) of the waiting area is filled with recycled aggregate
with an in situ cast concrete surface bed on top. A 22m3 rock (thermal
energy) store draws air through the substructure to control the indoor
environment of the kiosk. The rock store will provide 1.5kW cooling
and 2kW heating energy by means of night ventilation and solar
energy strategies, respectively. Although the analysis excluded
conduiting, electrical equipment and fittings, as well as building
services, the CF and EE of the rock store are included as they have
significant structural implications on the design. Because the rock
store functions as both structure and indoor environmental control
mechanism, its exclusion from the LCA study would compromise the
final comparison between case studies.22
A single building envelope functions as enclosure, ventilation skin and
access control. Two independent membranes enclose the station
volume (Figure 7). The predominant windward side (usually east) is
22 All electrical equipment and ducting required to ventilate the rock store have been
excluded.
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enclosed with PMMA sheeting fixed to a steel subframe to provide
shelter during poor weather. Small operable windows, which can be
controlled by the commuters themselves, are fixed on the windward
side to allow for ventilation if needed. The leeward side is enclosed
with zinc-coated steel mesh to ensure good cross-ventilation, while
still regulating access and providing safety.
4.4

Material choices

Low-carbon footprint and embodied energy-intensive materials
have been identified and selected through an iterative simulation
process. The design proposes minimal use of precast concrete and
steel, while extensively using recycled materials such as aggregate
and composite timber and resin slats.
In the previous study, precast concrete culverts in the station base
were identified as energy-intensive components contributing, on
average, 38% to the total CF and EE (Hugo et al., 2012: 36-37). The
Switch station base is constructed of precast (300x300x450mm) hollow
soil/cement blocks, dry-packed and filled with reinforced concrete,
functioning as both subwalls and permanent shuttering (Figures 7
and 8). Ensuring that the base can withstand extensive lateral forces,
this new method uses less energy-intensive precast concrete (Jones,
2011a: 56-57) and saves 51% and 53%, respectively (130.3 kgCO2/m2
and 1 078.7 MJ.m2 vs 268.2 kgCO2/m2 and 2 330.8 MJ/m2).
Although the PMMA cladding to the windward envelope of the station
(Figure 7) is used as a robust translucent material, it is more energy
intensive than glass (2,73 kgCO2/kg and 80,5 MJ/kg vs 30 kgCO2/
kg and 0,86 MJ/kg),23 but 200 times stronger (Wegelen, 2006: 9.7;
Jones, 2011b: 58, 61). To minimise potential damage to the PMMA,
the sheets are recessed behind the handrail or steel balustrade.
Although the use of zinc-coated steel mesh screen on the leeward
edge of the station saves 13% (329 MJ/m2 vs 377 MJ/m2) embodied
energy, it increases the carbon footprint by 48% (23.kgCO2/m2 vs
15.5 kgCO2/m2) when compared to using PMMA sheeting on both
sides of the station (Figure 7).
As large portions of the translucent station envelope faces an east/west
direction, external composite timber and resin solar screens protect
the indoor environment from direct solar radiation and uncomfortable
glare (Figure 8). This adds only 4% (58 987 MJ and 2 526,8 kgCO2) to
23 The CF and EE coefficient for glass was adapted to accommodate two layers of
glass laminated with an imported PMB layer, thus doubling the value reported in the
Jones study (2011b).

63

Acta Structilia 2014: 21(1)
the total embodied energy and reduces uncomfortable glare by
46% in winter and 49% in summer.24 The slatted screens are made from
solid composite sections which constitute 50% recycled wood fibres
and 50% Polyethelyne binder that are UV resistant and do not require
extensive maintenance (Envirodeck, 2010: 1).
Painted steel handrails and a soil/cement block wall25 kiosk minimises
the use of energy-intensive stainless steel (Hugo et al., 2012: 41-42)
seen in existing BRT stations .Taking a 20-year maintenance period
into account, the painted steel handrails26 save 70% on CF (1 003.6 vs
3 251.8 kgCO2) and 45% on EE (16 474 vs 29 980 MJ).
Substituting the stainless steel envelope of the kiosk with soil/cement
bricks achieves a further saving of 97% for CF (489 vs 15 316 kgCO2)
and EE (4 197 vs 145 172 MJ). The concrete blocks improve the kiosk’s
internal thermal comfort and its deep-set position within the station
envelope minimizes excess solar heat gain in summer.
The station floor is finished with a 40mm pigmented cement screed.
Using a pigmented screed as an alternative to ceramic tiles leads to
an immediate EE saving of 76% (21 892 vs 89 543 MJ) and CF saving
of 46% (3 503 vs 6 600 kgCO2) for the same floor area. However,
taking the service life period27 of both floor finishes into account
proves otherwise. Over a 20-year period, the CF of a pigmented
screed is increased by 6%, but its EE is still lower, embodying only 49%
compared to that of ceramic tiles. It is important to note that, over a
much longer time period, the tiled floor finish becomes increasingly
more efficient.

24 The percentage of glare control was calculated between the hours of 8:00
and 18:00 for both the summer and winter solstices. The study made use of an
environmental analysis tool called Ecotect®, distributed by Autodesk, in order to
simulate daylighting levels and distribution within the Switch station.
25 Some cities insist on using bullet-proof kiosks – this was not researched in the current
study and the kiosk’s designs were excluded from all LCA analyses.
26 Maintenance included three new layers of paint every 5 years.
27 The service life period of a pigmented cement screed has been assumed to be 10
years (Infotile, 2013: 1). Due to the lack of information available on the durability of
pigmented concrete screeds, the information supplied by Infotile (2013) was used,
namely a life expectancy of 25 years for stained concrete and 10 years for epoxy
resin floor finish. The service life of tiles was assumed to be 30 years as shown in the
study by Mithraratne & Vale (2003).
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5.

Discussion

A cradle-to-gate LCA has been made of the Switch and the MyCiti
stations and the findings are summarised in Table 1. In a previous
LCA study (Hugo et al., 2012), comparing two existing stations and
one proposed South African BRT station, the MyCiti station has been
benchmarked as the most efficient station in terms of its CFI and EEI.
Therefore, the MyCiti station was used as comparable modular unit
for this LCA, as both stations function similarly and followed congruent
spatial regulations.8 Both case studies differ in overall weight and
floor area, as the Switch station accommodates four bus berths and
the MyCiti only two (Figures 9 and 10); the overall analysis used their
respective CFI and EEI figures as comparable units.
Table 1:

Results of the life-cycle analysis of the two case studies
Switch prototype

MyCiti station

Element total

Element total

Station
EE – MJ
component

CF – kgCO2

EE – MJ

CF – kgCO2

CO2

565 207

CO2/m2 2 869

MJ/m2 324

CO2

405 195

MJ

CO2/m2 2 057

MJ/m2 135

CO2

189 321

MJ

CO2/m2 961

MJ/m2 62

CO2/m2

CO2

77 971

MJ

CO2

Base
Total

743 213

MJ

86 417

EI/CI

2 192

MJ/m2

255

Total

447 259

MJ

27 072

EI/CI

1 319

MJ/m2

80

90 806

MJ

8 357

268

MJ/m2

25

102 068

MJ

6 486

301

MJ/m2

19

Wall

Roof
structure
Total
EI/CI
Handrail
and signage
Total
EI/CI

Total weight 772 457
Total
Floor area
EEI / CFI

CO2/m2 396

kg

1 383 345 MJ

351 976
128 332 CO2
128.33

1 383.35

GJ

339

m2

339

4 080.66

MJ/m2

378.60

tCO2
m2

MJ

CO2/m2

28 332 CO2

CO2/m2

13 225 CO2

7 882

MJ/m2 40

CO2/m2

kg

1 237 693 MJ
1 237.70 GJ
197

63 773 CO2

m2

113 212 CO2

113.20 tCO2
197

m2

CO2/m2 6 282.71 MJ/m2 574.68 CO2/m2

Abbreviations: EE – Embodied energy; CF – Carbon footprint; EEI – Embodied energy
intensity; CFI – Carbon footprint intensity
Energy intensity: Megajoules per square meter (MJ/m2).
Carbon footprint intensity: Kilogram carbon per square meter (kgCO2/m2).
Excluded elements: Conduiting, wiring, kiosk, including all hardware, electrical
equipment, door frames and door.
Source: Hugo, 2012: own table
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Figure 9:

Comparative schematic plans of case studies

Source:

Hugo, 2013. Sections redrawn from information supplied by architects;
Rendall, 2011: Personal communication

Figure 10: Comparative schematic sections of case studies
Source:

5.1

Hugo, 2013. Sections redrawn from information supplied by architects;
Rendall, 2011: Personal communication

Overall structure

The total EE of the MyCiti station is 1 237.7 GJ and CF is 113.2 t CO2 with
an EEI of 6.28 GJ/m2. Comparatively, the Switch prototype embodies
an overall EE of 1 383.3 GJ and CF of 128.3 t CO2. However, its CFI
and EEI is 35% lower than that of the MyCiti station at 4.08 GJ/m2.
Table 1 summarises the full comparison. Figures 11 and 12 indicate the
difference in carbon and energy intensity (also refer to Appendices
A and B).
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Figure 11: Embodied energy intensity of the two stations
Source:

Hugo, 2011: own table

Figure 12: Carbon footprint intensity of the two stations
Source:

Hugo, 2011: own table
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5.2

Comparison of the separate station components

Tapering the steel structure of the Switch station saves 17% embodied
energy (Hugo, 2010: 279). By dematerialising the wall and roof structure
and utilising a smaller scaled and simple structural system, with a single
continuous roof enclosing the space, 50% (105 vs 211 kgCO2/m2) and
47% (1 587 MJ/m2 vs 3 018 MJ/m2) savings were made in terms of the
CFI and EEI of the Switch structural system compared to the structural
system of the MyCiti station (Table 1 and Figures 5, 7, 13 and 14).

Figure 13: Proportionate energy consumption and carbon produced per component
of the Switch Station
Source:

Hugo, 2011: own figure

Figure 14: Proportionate energy consumption and carbon produced per component
of the MyCiti station
Source:
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The MyCiti station roof structure contributes 15% to the CF and EE;
in the Switch prototype, this is limited to 7% (Figures 13 and 14). This
equates to 62 kgCO2/m2 (CFI) and 961 MJ/m2 (EEI) for the MyCiti roof
structure and only 25 kgCO2/m2 (CFI) and 268 MJ/m2 (EE) for the roof
structure of Switch, an improvement of 68% and 70%, respectively.
The savings have been effected by a roof of lighter steel members
and tapered walls requiring less roof cover and the removal of a roof
overhang by utilising slatted solar screens constructed from recycled
materials (Figure 7).
As a ceiling material for the Switch station, fibre cement proved to
be inefficient. Although the CF and EE coefficient of aluminium is,
respectively, 90% and 97% higher than that of fibre cement, the final
impact of fibre cement ceiling panels in the Switch station increased
the CFI of the ceiling by 46% (17.3 vs 10.9 kgCO2/m2) and the EEI by
10% (206.4 vs 185.2 MJ/m2) compared to that of the MyCiti station
(Tables A2 and A3).
Although the entrance is lifted to function as both brace and energygeneration component, it has not made a significant difference
(Figure 5). In both case studies, the wall constitutes a third (32% and
33%) of the total CF and EE, respectively (Figures 13 and 14). Yet, in
terms of CFI and EEI, the Switch performs significantly better, saving
40% (80 vs 135 kgCO2/m2) and 36% (1 319 vs 2 057 MJ/m2), respectively
due to the dematerialisation of the envelope and structure. Merging
the Switch station envelope design into a single entity or plane, unlike
the MyCiti station, resulted in a 73% and 60% saving on the secondary
enclosing structure’s CFI and EEI (Figures 8 and 10).
The alternative base design of the Switch station performs remarkably
better than that of the MyCiti station. It is 21% more efficient in terms
of CFI (255 vs 324 kgCO2/m2) and 23% of EEI (2 192 vs 2 869 MJ/m2)
(Table 1, Figures 13 and 14). As the station base is the largest portion of
the total CF and EE of the Switch station (54%, 743.2GJ and 86.4 t CO2)
(Table 1, Figure 13), the functional capacity of this component has
been maximised. This improves the component’s efficiency in terms
of its material consumption.
The signage and balustrade of the Switch and MyCiti stations
constitute 7% and 4% of the stations’ total CF and EE (Figures 13
and 14), but the Switch station performs significantly better, with a 24%
lower EEI (301 vs 396 MJ/m2) for this station component. In addition,
the CFI of signage and balustrade of the MyCiti station performs
significantly worse, being 209% higher than the CFI of the Switch
station (40 vs 19.1 CO2kg/m2) (Table 1). This indicates the considerably
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higher carbon footprint of stainless steel compared to steel (1.46 vs
6.1kgCO2/kg) (Jones, 2011b: 21).
5.3

Comparison of material use

The Switch station uses a significantly smaller amount of steel, with a
limited increase in concrete (Figures 15 and 16). Stainless steel is not
used, whereas recycled products are specified wherever possible.
In the MyCiti station, steel contributes 32% and 41% (37.4 t CO2 and
506.7GJ) to the total CF and EE, respectively; in the Switch station, it
only contributes 19% and 21% (23.8 t CO2 and 255.5 GJ). The reduction
can be attributed to identifying material-efficient structural systems
and choosing lighter cold-formed steel sections (120x120x4.5mm)
over hot-rolled steel sections (152x152mm x 23kg/m).

Figure15: Proportions of selected materials used in stations
Source:

Hugo, 2011: own table

Figure 16: Comparison of the embodied energy of selected materials
used in the stations
Source:
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Using the precast hollow soil/cement blocks as subwalls and
permanent shuttering minimises the use of precast concrete
(2.07 MJ/kg and 0,24 kgCO2/kg), while maximising the use of in situ
cast concrete (0.74 MJ/kg and 0,11 kgCO2/kg) (concrete in its most
efficient form) (Jones, 2011b: 54-55) (Figures 15 and 16). Incorporating
the steel-reinforced in situ cast concrete with recycled aggregate
as infill for the station base gives the additional weight to provide
adequate lateral strength for the station base (Figures 7 and 8).
Although a low impacting structural system was utilised for the Switch
station’s base, saving 53% (1 078.7 MJ.m2 vs 2 330.8 MJ/m2) (Figure 8,
Tables 1, A2 and A3) on the primary structure, minor elements
such as screed depths and floor finishes contribute substantially.
After analysing the entire base of the Switch Station, only a saving
of 21% and 23%, respectively (255 kgCO2/m2 and 2 192 MJ/m2 vs
324 kgCO2 m2 and 2 869 MJ/m2) (Table 1) was made, due to the
energy-intensive nature of the secondary elements. This emphasises
the importance of focusing not only on the primary structure, but also
on the secondary elements.
The floor finish, as secondary element, plays an important role in
minimising CF and EE. Substituting the tiled floor finish of the MyCiti
station with a pigmented cement screed used in Switch station
lowered the CFI by 27% (10,4 vs 14,2 kgCO2/m2) and the EEI by 62%
(64.8 vs 172 MJ/m2) (Tables 1, A2 and A3).
A comparison of the material use of the envelope designs reveals
that the large saving is primarily due to the minimal use of steel in
the primary and secondary structure. Using PMMA and zinc-coated
steel mesh to enclose the Switch station proved to increase its CFI by
35%, compared to the laminated glass and aluminium louvre design
used in the MyCiti station (35.8 vs 26.5 kgCO2/m2). It also increased
the envelope design’s EEI by 45% (641,4 vs 441.6 MJ/m2) (Tables 1, A2
and A3).

6.

Conclusion

This article focused on the use of construction material in the built
environment by assessing the architects’ initial design decisions which
contribute to mitigating climate change. Previous research (Hugo
et al., 2012) identified a set of guidelines to lower CF and EE of new
BRT stations and this study has tested these guideline approaches in
Switch, a prototypical BRT station.
To calculate overall CF and EE intensity, a cradle-to-gate
‘comparative’ LCA was conducted of the existing MyCiti station,
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established as the most CF- and EE-efficient South African BRT station
(Hugo et al., 2012) and the Switch prototypical station. An efficient CF
and EE station prototype has been developed by iteratively testing
the CF and EE of construction systems and their material use.
In the final comparative LCA study, it was proved that the CFI and
EEI of the Switch station is 35% more efficient than the investigated
MyCiti station. The value of this improvement in terms of construction
material use becomes clear when applying these savings to existing
BRT systems that are to be extended. The Cape Town BRT system will
be implemented in four phases (City of Cape Town, 2010: 9, 36), of
which the first phase aims to construct 43 trunk-route stations. It can
be expected that, by extending this first phase over the entire BRT
system, a total of 172 trunk-route stations will be constructed. If this 35%
energy saving is theoretically implemented throughout the MyCiti BRT
system, a total CF and EE saving of 56 stations will be possible. This
translates into saving the CF and EE of more than one phase of the
stations constructed for the entire MyCiti BRT system.
In order to achieve these savings, the focus must be on spatial
economy and minimising the overall footprint of the station.
During iterative assessment, the built form and structure can be
dematerialised to optimise material use efficiency. Material choices
should be informed by understanding the impacts of CF and EE of
construction materials.
This article has shown that, through critically assessing current
designs, a low carbon intervention can be developed. Following
iterative design processes, which focus on continuous environmental
improvement, can result in effective architectural design strategies
that lower atmospheric carbon dioxide emissions and mitigate
climate change.
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Appendix A: Supplementary table with full results of the
Switch station’s life cycle analysis
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Appendix B: Supplementary table with full results of the
MyCiti station’s life cycle analysis
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Abstract
A comprehensive model based on priority project objectives aligned with
monetary incentives, and agreed upon by built environment stakeholders was
developed. A web survey was adopted to send out a questionnaire to nationwide
participants, including contractors, quantity surveyors, project managers,
architects, and consulting engineers, requesting them to base their responses
on a specific construction project in which they have been involved. The
development of the model consists of the combination of results from inferential
statistics analyses of 7-point Likert scale questions in three aspects, namely
motivational factors (Mann-Whitney and Kruskal-Wallis), monetary incentives
(T-test and ANOVA), and project objectives aligned with monetary incentives
(Principal Component Analysis). In total, 164 respondents participated in the
survey. The findings revealed that there was no statistically significant difference
between demographic groups (gender, age, qualification, experience) of
respondents in the importance of motivational factors and monetary incentives.
However, a significant difference was found in self-development needs and
team working environment where, respectively, the younger age generation
displayed more desire towards professional registration, while the older age
generation did not favour the mix of skills and experience into the project. It was
revealed that the provision of work opportunities to Small, Micro- and Medium
Enterprises (SMMEs), and Health (HIV/AIDS) and Safety should be prioritised
when offering monetary incentives. An understanding of the importance of
monetary incentives offered towards achieving project objectives will create
conducive procurement environment handling the personnel allocated to
construction projects meeting their performance requirements.
Keywords: monetary incentives, motivational factors, project objectives
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Abstrak
‘n Model is ontwikkel vir projekdoelwitte wat deur die konstruksie- en konsultant
spanlede betrokke in ‘n projek geprioritiseer kan word wanneer dit in lyn is met
geldelike aansporings. ‘n Web-opname is gedoen deur ‘n vraelys landwyd
aan deelnemers te stuur wat kontrakteurs, bourekenaars, projekbestuurders,
argitekte en raadgewende ingenieurs insluit. Respondente is versoek om hul
antwoorde te baseer op ‘n spesifieke konstruksieprojek waarby hulle betrokke
is. Die ontwikkeling van die model is gebaseer op die kombinasie van resultate
van inferensiële statistiekontleding van 7-punt Likert-skaal vrae in drie aspekte
insluitende motiverende faktore (Mann-Whitney en Kruskal-Wallis), geldelike
aansporings (T-toets en ANOVA), en projekdoelwitte in ooreenstemming met
geldelike aansporings (Beginsel Komponente Analise). Die bevindinge van
die opname, waaraan 164 respondente deelgeneem het, het aangetoon
dat daar geen statisties beduidende verskil was tussen demografiese groepe
(geslag, ouderdom, kwalifikasie, ervaring) van die respondente ten opsigte
van die belangrikheid van die motiverende faktore en geldelike aansporings
nie. Daar was ‘n beduidende verskil in self-ontwikkelingsbehoeftes en span
werksomgewing waar, onderskeidelik, die jonger generasie meer begeerte na
professionele registrasie getoon het, terwyl die ouer geslag nie ten gunste was
vir ‘n kombinasie van vaardighede en ervaring in die projek nie. Die resultate
toon ook dat die verskaffing van werkgeleenthede aan Klein, Mikro- en Medium
Ondernemings (KMMOs) en Gesondheid (MIV/Vigs) en Veiligheid geprioritiseer
moet word wanneer geldelike aansporings aangebied word. Begrip vir die
belangrikheid van geldelike aansporings om projekdoelwitte te bereik, sal
bevorderlik wees vir die verkrygingsomgewing se hantering van die personeel
van konstruksieprojekte om aan hul prestasievereistes te voldoen.
Sleutelwoorde: geldelike vergoeding, motiveringsfaktore, projekdoelwitte

1.

Introduction

The South African construction industry is faced with challenges
which impede a successful project delivery. While it has traditionally
been believed that project success can be measured in terms of
cost, quality and time, Saqib, Farooqui & Lodi (2008: 392) argue that
the success criteria often change from project to project, depending
on the participants, the scope of the services offered, the project size,
the sophistication of the client in relation to the design of the facilities,
and the technological implications. A project’s success depends on
the performance of the participants entrusted to execute the project
(Oyedele, 2010: 180) and the motivation in meeting project goals
(Peterson, 2007: 60). Van Wyk (2004: 4) suggests that the following
areas require improvement in the delivery process within the South
African construction industry: capacity, knowledge intensity, skills
development, business performance and service, information
technology, transformation, the changing legislative environment,
sustainable development imperatives, innovation, education and
training outcomes, globalisation, international trends, and HIV/AIDS.
In order to improve these areas, it is therefore imperative to identify
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the most critical areas in each construction project and mobilise the
construction and consultant team members to adopt an incentivemotivated procurement system.
Tang, Qiang, Duffield, Young & Lu (2010: 465) stipulate that there is
consensus among all parties involved in any construction project
that the use of incentives is effective in providing motivation for
participants to perform better. For purposes of this article, incentives
may be understood as rewards offered to construction and consultant
team members involved in the construction project to compel
them towards higher performance. Rao (2009: 239) establishes that
the reward informs the person that the behaviour was appropriate
and can be used again in the future. The reward can be intrinsic
or extrinsic. Intrinsic reward is the satisfaction a person gets in the
process of performing a particular action, such as solving a complex
problem; the extrinsic reward is given by another person in the form of
promotion and pay increase (Rao, 2009: 239). While incentives have
been recognised as motivational tools for individual employees to
achieve certain goals, the South African construction industry has not
fully exploited the various avenues to initiate motivation approaches
aligned with project objectives in order to enhance the successful
delivery of construction projects. This article reports on a study testing
the following three hypotheses:
H1: Age, experience, qualification and gender do not result in
statistically significant differences in construction and consultant team
members’ perceptions of the importance of motivational factors.
H2: Age, experience, qualification and gender do not result in
statistically significant differences in construction and consultant team
members’ perceptions of the importance of monetary incentives.
H3: A comprehensive model based on priority project objectives
aligned with monetary incentives, and agreed upon by built
environment stakeholders can be developed.
The findings of the study led to the development of a model
setting for project objectives that can be prioritised by construction
and consultant team members involved in the project, if aligned
with monetary incentives. Figure 1 summarises the framework for
developing a model for setting project objectives that can be
prioritised, if aligned with monetary incentives. For purposes of
this article, tension agents to fulfil needs can be understood as
motivational factors such as, for example, self-development needs,
organisational commitment, and team working environment. It
can, therefore, be anticipated that monetary incentives can be an
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activation agent towards higher performance in order to enhance
project objectives. Short-run intervention can be designed at project
level, considering the demographics of construction and consultant
team members involved in the project. Long-run interventions arising
from demographics may be provided by various construction industry
stakeholders, including government bodies, learning institutions and
professional bodies.

Figure 1:

Framework for developing a model for setting project objectives
aligned with monetary incentives

Source:

Ndihokubwayo, Crafford & Buys, 2014: own figure

2.

Motivational factors

Motivation is a set of forces that initiates, directs, and makes people
persist in their efforts to accomplish a goal (Williams, 2009: 578). Hill &
Howlett (2009: 254) stipulate that motivation is a driver that causes
individuals to set personal goals and behave in a way that will allow
them to reach those goals. In the context of this study, the following
motivational factors towards higher performance will be discussed:
self-development needs, organisational commitment, and team
working environment. In other words, the accomplishment of these
factors would imply a working and motivational environment
conducive to higher job performance.
2.1

Self-development needs

Self-development has, in fact, probably always been a significant
element of management development practice, at least for some
managers and some organisations (Collins, Emsell & Haydon, 2011: 239).
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Collins et al. (2011: 239) refer to self-development as being a personal
and professional development for managers, with individuals taking
responsibility for their own learning, and control of both the means
and the objectives for that development. In the context of this article,
self-development for personal and professional development should
be understood as a need for personal interest to fulfil career and
professional development, compelling construction and consultant
team members to higher performance for a given task. While a worker
is expected to be fully committed to the organisation, it should not
be ignored that project team members have other interests arising
from being involved in project tasks, such as the desire to pursue
their personal developmental goals, and motivational project team
working environment.
In the context of this article, personal needs refer to needs related
to professional development. Murdoch & Hughes (2008: 9) remark
that people have interests outside their work: they may be members
of professional institutions; their project membership may arise as a
consequence of belonging to a firm. From the construction project
point of view, project team members benefit from the opportunity
of participating in the construction project in order to maximise their
personal development. However, care should be taken that their
personal interest does not conflict with the overall project goal.
2.2

Organisational commitment

Organisational commitment is the degree to which a person identifies
with a specific organisation and its goals, and wishes to maintain
membership in the organisation (Werner, 2007: 62). Employees
should be committed to the success of their organisations. Hence,
commitment to the employing organisation should be understood
as the employees’ loyalty. In the construction industry context, the
success of a project is inherent to construction and consultant team
members’ performance; hence, a combination of employees’ selfdevelopment and loyalty to the companies they represent.
2.3

Team working environment

Oyedele (2010: 180) establishes that project success is dependent on
the performance of the participants who are entrusted to execute
the project. The project team members represent their respective
discipline’s area of expertise and are responsible for early detection of
potential problems that can have an adverse effect on the project’s
objectives, cost, or schedule (Oberlender, 1993: 56). Walker (2002: 38)
stipulates that the success of the project process depends, to a
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large extent, on the way in which the architect, engineer, quantity
surveyor, contractors and others work together. French, Rayner, Rees
& Rumbles (2008: 275) indicate that high-performance teams have
special characteristics that allow them to excel in team work and
achieve special performance advantages:
•

High-performance teams have strong core values that help
guide their attitudes and behaviours in directions consistent
with the team’s purpose.

•

High-performance teams turn a general sense of purpose into
specific performance objectives. Whereas a shared sense
of purpose gives general direction to a team, commitment
to specific performance results makes this purpose truly
meaningful.

•

Members of high-performance teams have the right mix of
skills, including technical skills, problem-solving and decisionmaking skills, and interpersonal skills.

•

High performance teams possess creativity to assist
organisations in continuous improvement of operations and
in continuous development of new products, services and
markets.

3.

Monetary incentives

MSG Experts (2012: online) and Yavuz (2004: 9) refer to monetary
incentives as those incentives which satisfy the subordinates by
providing them rewards in terms of money, commissions and bonuses.
Money has been recognised as a chief source of satisfying people’s
social, psychological and security needs. According to Rose &
Manley (2011: 765), the use of financial incentives (also understood as
monetary incentives in the context of the current study) is considered
a key means of improving built environment outcomes. Rose & Manley
(2011: 765) indicate that financial incentives are necessary not only
to enhance motivation at both personal and organisational levels,
but also to promote unified motivation across highly interdependent
and contractually fragmented project teams. Tang et al. (2010: 465)
stipulate that there is consensus among all parties involved in any
construction project that the use of incentives is effective in providing
motivation for participants to perform better. The spirit in which the
financial incentives are designed is to attempt to align the interests
of the contractor with those of the client by basing compensation, to
some degree, on the results that are important to the client (Howard,
1996: 112). In other words, the more the rewards from the client, the
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more the contribution of the consultant team member to a successful
project delivery.

4.

Team members’ diversity of needs in relation to their
demographics

Diversity refers to dissimilarities (differences) among people in
respect of age, gender, race, ethnicity, religion, sexual orientation,
socio-economic background, education, experience, physical
appearance, capabilities/disabilities, and any other characteristic
that is used to distinguish between people (Meyer, Ashleigh, George &
Jones, 2007: 136; Schermerhorn, Hunt & Osborn, 2005: 43). The
effective management of diversity means learning to appreciate
and respond appropriately to the needs, attitudes, beliefs, and
values that diverse people bring to the organisation (Meyer et al.,
2007: 136). Team members are diverse in terms of their demographic
status such as age, gender, race, cultural values, physical well-being,
lifestyle preferences, ethnicity, educational background, religious
preference, and occupational background (Slocum & Hellriegel,
2007: 231). Accordingly, their needs may be diverse. Consequently,
it may be a complex issue to ascertain appropriate motivation
approaches of team members.

5.

Setting project objectives aligned with incentives

The Construction Industry Development Board (CIDB) proposes delivery
management guidelines for construction procurement strategy.
This procurement strategy consists of the combination of a delivery
management strategy, contracting and procurement arrangements
(CIDB, 2010a: 7), and all involved parties in the projects should adhere
to this strategy. The CIDB (2010a: 7) indicates that the development
of a procurement strategy should consist of identification of the best
way of achieving objectives and value for money, while taking into
account risks and constraints. The most commonly encountered
secondary objectives in the South African construction industry relate
to the following themes (CIDB, 2004a: 2): business empowerment; job
creation; SMME sector development; poverty alleviation; communitybased developments, and local economic development. However,
for the purpose of this article, Table 1 presents aspects of project
objectives. It is evident that incentives may be designed to ensure
compliance with the requirements of primary and secondary project
objectives. Primary objectives such as cost, time, and quality are
those related to direct activities which involved parties are naturally so
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eager to fulfil. Secondary objectives are those related to intervention
measures tailored to address certain socio-economic problems.
Table 1:

Outcome-driven construction procurement

Desired outcome

Project objectives

Intervention/Enablers

Primary
To comply with
standards

Cost

Budget

Quality

Specifications

Time

Programme
Secondary

To address socioeconomic problems

5.1

Work opportunities to SMMEs

Joint venture/Subcontracting

Poverty alleviation

Labour-based construction

Skills transfer

Mentorship

Gender and racial equality

Preferential procurement policy

Health (HIV/AIDS) and safety

Training

Cost

While the cost of a construction project is an important concern in
any construction project (Chan & Park, 2005: 295), Mbachu & Nkado
(2004: 1) report that the global construction industry is plagued with
cost overruns in project delivery. Ali & Kamaruzzaman (2010: 111)
indicate that cost is a major problem in project development and
a regular feature in the construction industry. In order to control the
cost within the acceptable level, Chan & Park (2005: 295) propose
an appropriate accurate measurement of various project-related
determinants and an understanding of the magnitude of their effects.
5.2

Time

Clients, contractors and consultants alike frequently perceive the
timely completion of a construction project as a major criterion
of project success (Bowen, Cattell, Hall & Pearl, 2002: 48). In the
construction project context, time refers to the planned duration
of works. It is also known as schedule of works; however, whenever
the planned schedule is not adhered to, it means something has
gone wrong; the terminology then becomes ‘delays’. Delay in the
completion of a construction project can be a major problem for
contractor companies, leading to costly and adverse relationships
among project participants (Alwi & Hampson, 2003: online).
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5.3

Quality

Quality in construction is defined as meeting or exceeding the
needs of the customer (Knutson, Schexnayder, Fiori & Mayo, 2004:
505). Freeman-Bell & Balkwill (1996: 208) synthesise that the definitions
of quality have been coined as ‘fit for purpose’ and ‘satisfying
customer needs’. Cornick (1991: 31) indicates that, if quality means
conformance to requirements, there must be some means of ensuring
that there is an unbroken chain of conformance to requirements
throughout every phase of the total project process.
5.4

Provision of work opportunities to SMMEs

In order to redress the inequalities of the past in every sphere
(political, social and economic), the National Small Business Act
102 was introduced in 1996 to provide an enabling environment for
SMMEs (DTI, 2003: 8). The growth in the small- and medium-enterprise
sector is desirable; hence, the creation of an enabling environment
would be an essential component for small- and medium-enterprise
development (CIDB, 2004b: 4). CIDB (2010a: 9) proposes that SMMEs
would be provided with work on projects where it is desirable and
feasible:
•

To have SMMEs as a main contractor or joint venture partner.

•

To provide for mandatory subcontracting requirements or
obligations to subcontract an agreed quantum of work.

5.5

Poverty alleviation

For the sake of poverty relief, CIDB (2004a: 11) provides the criteria for
the identification of targeted labour that can benefit from such work
opportunities. Targeted labour is defined as South African citizens who
have not been employed for over 100 days during the year preceding
their engagement on the contract, who reside within the boundary
of the targeted area, and who are acknowledged as such by the
Project Steering Committee established in terms of the programme
to oversee aspects of the project (CIDB, 2004a: 11). Increasing the
volume of work available to the poor/increasing household incomes
is a desirable outcome for the preferential procurement policy for
poverty alleviation (CIDB, 2004a: 4). CIDB (2004a: 4) stipulates that
technology and methods of production/construction, which are able
to provide employment for relatively unskilled labour, are essential for
successful policy outcomes. According to CIDB (2010a: 9), poverty
alleviation can be applied on projects where it is desirable and
feasible to provide temporary work opportunities in construction,
particularly in labour-intensive works.
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5.6

Skills transfer

According to CIDB (2010a: 9), skills transfer in construction projects can
occur where it is desirable to provide work-place experience or training
of designated persons. The Skills Development Act of 1998 proposed
the establishment of Sector Education and Training Authorities
(SETA) for any national economic sector (South Africa, 1998: 14). The
Construction Education Training Authority (CETA), established in 2000,
has undertaken various skills development projects, and learnerships
have been initiated with a view to developing a pool of skilled and
motivated construction workforce whose skills are recognised and
valued in terms of the National Qualifications Framework (NQF)
(CETA, 2008: online). CETA promotes and accelerates quality training
and identification of critical and scarce skills with a view to addressing
skills shortages in the construction sector (CETA, 2008: online).
Training was made possible by a joint effort of various stakeholders
such as government departments and public entities involved in
contractor skills training; CETA-accredited training providers, Built
Environment professional bodies, construction employers’ bodies,
labour organisations, and trainees. Despite the CETA’s effort to
provide training of the workforce, the faster economic growth rate
has resulted in rapid employment creation and skills demand.
5.7

Gender and racial equality

South African women have been affected by both the discrimination
apartheid policies and the cultural limitations imposed on women.
The South African History Online (SAHO, 2011: online) indicates that
harsh, repressive laws limited the movements and opportunities
of Black, Coloured and Indian people as an all-White government
ensured that privilege was maintained by the White minority. The
introduction of the tender-awarding criteria to ease the entry of
targeted groups clearly shows the commitment to gender and racial
equality. A related Preferential Procurement Policy Framework Act
No 5 was promulgated in 2000. According to the National Treasury
(2001: online), the purpose of this Act is to enhance the participation
of Historically Disadvantaged Individuals (HDIs) and the SMMEs in
the public sector procurement system. The National Treasury (2001:
online) mentions two evaluation options: an 80/20 point system is
applicable for tenderers up to R500 000 and a 90/10 point system
is applicable for tenderers above R500 000. A maximum of 80 or 90
in respective options is allocated to the lowest acceptable tender,
while tenderers, who tendered higher in price, score lower number
in points. A maximum of 20 or 10 in respective options is awarded to
tenderers for contracting or subcontracting with HDIs and achieving
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Reconstruction and Development Programme (RDP) goals – the
RDP goal is to build a democratic, non-racial and non-sexist future; it
represents a vision for the transformation of South Africa (South Africa,
Parliament, 1994: 7).
5.8

Health (HIV/AIDS) and safety

The South African government has formulated the Occupational
Health and Safety Act No. 85 of 1993 to provide for the health and
safety of persons at work and of persons using plant and machinery;
the protection of persons other than persons at work against hazards
to health and safety arising out of, or in connection with activities of
persons at work (South Africa, 1993: 1). The continuing poor health
and safety performance of the construction industry in the form of
fatalities, injuries, and disease, the large-scale construction accidents,
and the general non-participation by key project stakeholders such as
clients and designers provided a catalyst for a new approach which
culminated in the promulgation of consolidated construction health
and safety legislation in the form of Construction Regulation on the
18 July 2003 (Smallwood & Haupt, 2005: 2). Given that HIV/AIDS has
become a pandemic in the construction industry, the CIDB (2008: 22)
recommends that construction workers be exposed to an interactive
workshop covering specific learning outcomes. These outcomes
include the nature of HIV/AIDS, the transmission of HIV infection,
HIV/AIDS preventive measures, voluntary HIV/AIDS counselling and
testing, living with HIV/AIDS, treatment options for people with HIV/
AIDS, and the rights and responsibilities of workers in the work place
with regard to HIV/AIDS (CIDB, 2008: 22-23).

6.

Research

6.1

Methodology

A deductive approach was adopted whereby the hypotheses
were formulated based on existing motivational theories. Deductive
reasoning is a theory-testing process which commences with an
established theory or generalisation, and seeks to determine whether
the theory applies to specific instances (Hyde, 2000: 83). The main
strengths of deduction as a scientific approach lie in precision
and control (Burns, 2000: 9). Burns (2000: 9) points out that control
is achieved through sampling and design, and precision through
quantitative and reliable measurement. Leedy & Ormrod (2010: 32)
state that deductive logic is extremely valuable for generating
research hypotheses and testing theories.
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A web survey strategy was used to gather the empirical data whereby
a questionnaire was distributed nationwide. The survey was designed
mostly with closed-ended questions and a few open-ended ones
grouped into four sections. Section A requested the biographic
profile of respondents. Section B tested motivation factors towards
project success. Respondents were able to indicate on a 7-point Likert
scale how important some self-development needs, organisational
commitment and project team performance criteria motivate them
to achieve higher performance. Section C consisted of questions
testing perceptions on the importance of monetary incentives in
the motivation to achieve the successful delivery of construction
projects. Section D consisted of questions testing the aligning of
project objectives with incentives. Specific project objectives were
tested, including cost, time, quality, gender and racial equality,
provision of work opportunities to SMMEs, skills transfer, Health (HIV/
AIDS) and Safety (H&S) aspects, respectively for the contracts in
which respondents were involved.
Respondents were able to indicate on a 7-point Likert scale the
importance of the provision of monetary incentives towards the
achievement of cost, time and quality effectiveness, gender and
racial equality target, provision of work opportunities to SMMEs
aspects, skills transfer target, and Health (HIV/AIDS) & Safety (H&S)
targets, respectively.
In all instances where the Likert response format questions were used,
the scale measurement was 1 = unimportant, 2 = little important, 3 =
somewhat important, 4 = important, 5 = very important, 6 = extremely
important, 7 = utmost important, and U = Unsure.
The sample size consisted of 164 selected construction members of
the Engineering Council of South Africa (ECSA), South African Institute
of Architects (SAIA), South African Council for the Quantity Surveying
Profession (SACQSP), South African Council for Project and Construction
Management Profession (SACPCMP), and general building contractors
registered by the Construction Industry Development Board (CIDB).
6.2

Interpretation of findings

Likert-type or frequency scales use fixed choice response formats and
are designed to measure attitudes or opinion levels of agreement/
disagreement (Bowling, 1997: 34). Using a 7-point Likert response
format allows the respondents more granularity and hence better
decision-making to express how much they agree or disagree with
a particular statement. When using Likert-type scales, it is imperative
to calculate and report Cronbach’s alpha coefficient for internal
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consistency reliability for any scales or subscales used (Gliem & Gliem,
2003: 88). Reliability is the extent to which a measuring instrument
is repeatable and consistent (Maree & Pietersen, 2007: 214). For
this particular article, the internal reliability of variables was tested
using Cronbach’s alpha coefficient of reliability. Maree & Pietersen
(2007: 216) suggest the following guidelines for the interpretation of
Cronbach’s alpha coefficient: 0.90 – high reliability; 0.80 – moderate
reliability, and 0.70 – low reliability. For purposes of this article, the
Cronbach’s alpha test results for each question are indicated in the
findings section.
Differences between demographic groups were assessed using
parametric tests, where the assumption of normality was not violated,
and non-parametric tests, where the assumption of normality was
violated. Non-parametric tests generally require the scores or
observation to be independent, or matched samples are employed
(Struwig & Stead, 2001: 165). Fellows & Liu (2008: 196) advise that ranksum tests be used to test whether independent samples have been
drawn from the same population. Fellows & Liu (2008: 196) propose
using the Mann-Whitney U-test when there are two samples and the
Kruskal-Wallis K-Test when there are three or more samples.
The analysis of variance (ANOVA) is a parametric test (Fellows & Liu,
2008: 194; Gravetter & Wallnau, 2009: 433) used for testing mean
differences among two or more treatment conditions. According to
Sarantakos (1997: 430), the ANOVA test is employed if the following
three conditions are met:
•

Independence – The observations that make up data
are independent of one another if each observation or
measurement is not influenced by any other observation or
measurement (Pallant, 2010: 205).

•

Normality – For parametric techniques, it is assumed that the
populations from which the samples are taken are normally
distributed (Pallant, 2010: 206). Carifio & Perla (2007: 115)
advise that, if a Likert scale response format is used, and
particularly so for items that factorially hold together as a scale
or subscale reasonably well, then it is perfectly acceptable
and correct to analyse the results at the (measurement) scale
level using parametric analyses techniques such as F-Ratio or
Pearson correlation coefficients or its extensions (e.g., multiple
regression), and the results of these analyses should and will
also be interpretable.

•

Homogeneity of variance – For parametric techniques, it is
assumed that samples are obtained from populations of equal
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variances, and the test for homogeneity may be performed
by Levene’s test for equality of variance. If the significance
value is less than 0.05, this suggests that the variances for two
groups are equal; therefore, the homogeneity of variance
has been violated (Pallant, 2010: 207).
In this article, the dimension reduction was done by means of a
Principal Component Analysis (PCA) to find priority project objectives
aligned with monetary incentives. Abdi & Williams (2010: 1) refer to
PCA as a multivariate technique that analyses a data table in which
observations are described by several inter-correlated quantitative
dependent variables. The PCA is appropriate when one has obtained
measures on a number of observed variables and wishes to develop
a smaller number of artificial variables that would account for most
of the variance in the observed variables (SAS, 2011: 2). Fellows & Liu
(2008: 227) stipulate that the principal components are extracted so
that the first principal components account for the largest amount of
the total variation in the data. Since the distinctive characteristic of
PCA is its data-reduction capacity, it must determine the number of
factors to be retained (Fellows & Liu, 2008: 227).

7.

Findings

7.1

Respondents’ profile

Of the 164 respondents, 80.5% (132) were males and 19.5% (32) were
females. Table 2 shows the age distribution: 0.6% of the respondents
were younger than 25 years; 8.5% were aged between 25 and 30;
23.8% between 31 and 40; 20.7% between 41 and 50; 25.6% between
51 and 60, and 20.7% were older than 60. From Table 3, it is evident that
almost 80% of the respondents were highly qualified with a bachelor
degree or higher.
Table 2:

Age group of respondents

Age group

No.

%

Under 25 years

1

0.6

25-30 years

14

8.5

31-40 years

39

23.8

41-50 years

34

20.7

51-60 years

42

25.6

Over 60 years

34

20.7

Total

164

100.0
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Table 3:

Formal qualification of respondents
Qualification

Matriculation certificate

No.

%

9

5.5

Diploma

26

16.0

Bachelor degree

42

25.8

Honours degree

32

19.6

Postgraduate diploma

13

8.0

Masters degree

34

20.9

Doctorate degree

5

3.1

Other unspecified

2

1.2

Total

163

100.0

Table 4 shows that participant companies included contractors (28.8%),
architects (19.0%), quantity surveyors (18.4%), project managers
(17.2%), and consulting engineers (9.2%). While the total number of
respondents was 164, missing data was not reported in the tables.
Table 4:

Participant companies
Company

No.

%

Contractor Grade 2

1

0.6
4.3

Contractor Grade 3

7

Contractor Grade 4

5

3.1

Contractor Grade 5

7

4.3

Contractor Grade 6

8

4.9

Contractor Grade 7

9

5.6

Contractor Grade 9

9

5.6

Project manager

32

19.8

Architect

27

16.7

Quantity surveyor

27

16.7

Consulting engineer

13

8.0

Government

4

2.4

Academic

3

1.9

Agent

2

1.2

Construction consultant/Developer

2

1.2

Engineering

2

1.2

Logistics

2

1.2

Property consultant

2

1.2

Parastatal

1

0.6

Construction regulatory *

1

0.6

164

100.0

Total

27.8

* The questionnaire was sent to professional consultants and contractors. From the questionnaire
brief, it was made clear that respondents should have been recently involved in a construction
project. Survey results showed that respondents were employed in various companies other than
the prescribed ones. The fact that the respondents probably moved from one type of company to
another (e.g., Consultant to Academic) would not preclude their professionalism or abilities such
that their response would be invalid. It was deemed worthwhile not to reject any response as long
as the respondent worked for a construction-related company.

93

Acta Structilia 2014: 21(1)
Figure 2 shows that 73.2% (120) of the respondents had over 10 years’
experience in the construction industry; 22.0% (36) between 5 and 10
years, and 4.9% (8) less than 5 years. Of the respondents, 42% (69) had
been in their current position for over 10 years; 31.1% (51) between 5
and 10 years, and 26.8% (44) less than 5 years.

Figure 2:

7.2

Experience of respondents

Hypothesis 1: Motivational factors

Table 5 presents the results of the test for the normality of motivational
factors based on average. Given that the sample size is greater than
50, the significance level is based on the Shapiro-Wilk test (Field, 2013:
188). The obtained significance value of 0.00 (equal or less than 0.05)
suggests the violation of the assumption of normality (Pallant, 2010:
63; Field, 2013: 185); thus, hypotheses were computed using nonparametric tests, namely Mann-Whitney and Kruskal-Wallis.
Table 5:

Tests of normality for motivational factors
Kolmogorov-Smirnov
Statistic

Motivational factors

0.12

Df
164

Sig.
0.00

Shapiro-Wilk
Statistic
0.94

Df
164

Sig.
0.00

Table 6 shows that the individual mean scores of the variables
related to self-development needs can be combined into a single
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mean score with a moderate reliability of 0.80, and reports the
average significant differences of these variables in gender, age,
qualification and experience of construction and consultant team
members’ perceptions of the importance of self-development needs
to motivate them to achieve higher performance.

Experience

1

0.12

0.05

0.66

0.58

The maintenance of
performance to secure my 158
employment

5.57

1.56

2

0.18

0.24

0.63

0.50

The desire to become
a renowned mentor of
others in construction

163

5.52

1.49

3

0.95

0.44

0.19

0.04

The aspiration to be a well162
known professional figure

5.27

1.71

4

0.38

0.02

0.28

0.36

The approval of
professional performance
by peers

163

5.26

1.65

5

0.76

0.44

0.47

0.19

The desire to gain
experience towards my
professional registration
(autonomy/maturity)

156

5.03

1.97

6

0.00

0.00

0.23

0.00

The aspiration for
promotion

159

4.42

2.02

7

0.42

0.17

0.23

0.048

Average

164

5.29

1.13

0.13

0.02

0.15

0.06

(Sig.)

1.15

(Sig.)

Gender

5.91

Age

Rank

161

(Sig.)

SD

The development of my
area of expertise through
challenging tasks

(Sig.)

Self-development needs
factors

Mean

Qualification

Importance of self-development needs factors

N

Table 6:

Cronbach’s alpha: 0.80 (moderately reliable)

From Table 6, it is evident that the development of the respondents’
area of expertise through challenging tasks (5.91), the maintenance
of performance to secure employment (5.57), and the desire to
become a renowned mentor of others in construction (5.52) had
the highest mean scores. This suggests an imminent need to support
professional development for both experienced and less experienced
construction professionals. The average mean of 5.29 demonstrates
the state of high importance of self-development needs towards
achieving higher job performance.
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Regarding gender, the Mann-Whitney U-Test revealed no statistically
significant difference (p=0.13) in the average of self-development
needs levels of males (Md=5.29, n=132) and females (Md=5.71,
n=32). Both males and females equally view the maintenance of
performance to secure employment, the aspiration of promotion, the
desire to become a renowned mentor of others in construction, the
approval of professional performance by peers, the aspiration to be
a well-known professional figure, and the development of their area
of expertise through challenging tasks. However, there is a statistically
significant difference between males and females in the desire to gain
experience towards professional registration (autonomy/maturity).
This suggests that further studies be done to find out any possible
workplace gender imbalances in terms of career development and
registration with construction industry professional bodies.
Regarding age, a Kruskal-Wallis test revealed a statistically significant
difference (p=0.02) in the average of the importance of selfdevelopment needs across 6 different age groups, where Gp1, n=1:
under 25 years; Gp2, n=14: 26-30 years; Gp3, n=39: 31-40 years; Gp4,
n=34: 41-40 years; Gp5, n=42: 51-60 years, and Gp6, n=34: over 60
years. The age group (31-40 years) recorded the highest median score
(5.86), while the older age group (over 60 years) recorded the lowest
median value of 4.86. A post-hoc test revealed that the younger age
group was more concerned with self-development needs than the
older age group (Gp3: Md=5.86 vs Gp5: Md=5.14; Gp3: Md=5.86 vs
Gp6: Md=4.86; Gp4: Md=5.50 vs Gp6: Md=4.86). By implication, the
older age groups have a diminished need for professional registration
or autonomy.
Regarding age, there were no statistically significant differences
between age groups with respect to statements such as the
maintenance of performance to secure employment, the aspiration
for promotion, the approval of professional performance by peers, and
the desire to become a renowned mentor of others in construction.
However, a statistically significant difference was revealed in
statements such as the desire to gain the experience towards the
professional registration (autonomy/maturity), the aspiration to be a
well-known professional figure, and the development of their areas
of expertise through challenging tasks. A post-hoc test revealed that
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the younger age generation needs more exposure than the older
age generation.
With regard to qualification, a Kruskal-Wallis test revealed no
statistically significant difference (p=0.15) in the average of
the importance of self-development needs across 8 different
qualification categories, where Ql1, n=9: Matriculation certificate;
Ql2, n=26: Diploma; Ql3, n=42: Bachelor degree; Ql4, n=32: Honours
degree; Ql5, n=13: Postgraduate diploma; Ql6, n=34: Masters degree;
Ql7, n=7: Doctorate degree, and Ql8, n=8: Others unspecified. The
Postgraduate diploma category recorded the highest median score
(6.00), while the Honours degree category recorded the lowest
median value of 5.07.
With regard to experience, a Kruskal-Wallis test revealed no statistically
significant differences (p=0.06) in the average of the importance of
self-development needs across 3 different experience categories
in the construction industry categories, where Exp1, n=8: less than
5 years; Exp2, n=36: 5-10 years, and Exp3, n=120: over 10 years. The
experience category (5-10 years) recorded the highest median
score (5.86), while the over 10 years’ experience category recorded
the lowest median value of 5.29. With regard to the experience
in the construction industry, there was no statistically significant
difference in statements such as the maintenance of performance
to secure employment, the approval of professional performance
by peers, the aspiration to be a well-known professional figure, and
the development of area of expertise through challenging tasks.
However, other statements such as the aspiration for promotion, and
the desire to become a renowned mentor of others in construction
revealed a statistically significant difference.
Table 7 shows the individual mean scores of the variables related to
organisational commitment into a single mean score with a moderate
Cronbach’s alpha reliability of 0.83, and reports the average
significant differences of these variables in gender, age, qualification
and experience of construction and consultant team members’
perceptions of the importance of organisational commitment needs
to motivate them to achieve higher performance.
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(Sig.)

Experience

Qualification

0.83

1

0.71

0.02

0.68

0.42

The business sustainability,
hence secure future
contracts with the satisfied
client

161

6.36

1.04

2

0.75

0.19

0.21

0.72

The avoidance of any
penalties arising from any
breach of contract

162

6.19

1.28

3

0.13

0.26

0.78

0.69

The achievement of
predetermined specific
project objectives

163

6.16

0.99

4

0.06

0.03

0.06

0.42

The achievement of service
delivery target/requirements
for company grading
purposes

162

5.80

1.42

5

0.58

0.04

0.11

0.09

The maximisation of profit for
my company

162

5.77

1.42

6

0.42

0.33

0.61

0.69

Average

164

6.14

0.86

0.24

0.19

0.47

0.37

(Sig.)

6.56

Age

Rank

159

(Sig.)

SD

Attaining a good reputation
of my company

Organisational commitment
factors

(Sig.)

Mean

Gender

The importance of organisational commitment
motivational factors

N

Table 7:

Conbach’s alpha: 0.83 (moderately reliable)

From Table 7, it is evident that attaining a good reputation of the
company (6.56), business sustainability (6.36), and the avoidance of
any penalties arising from any breach of the contract (6.19) had the
highest mean scores. This suggests that construction and professional
team members care about the business of their employing
organisations. Once their employing organisations are successful, they
also become successful. The average mean of 6.14 demonstrates
the state of high importance of organisational commitment towards
achieving higher job performance.
With regard to gender, a Mann-Whitney U-Test revealed no statistically
significant difference (p=0.24) in the average of importance of
organisational commitment levels of males (Md=6.33, n=132) and
females (Md=6.50, n=32).
With regard to age, a Kruskal-Wallis test revealed no statistically
significant difference (p=0.19) in average of the importance of
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organisational commitment across 6 different age groups, where
Gp1, n=1: under 25 years; Gp2, n=14: 26-30 years; Gp3, n=39: 31-40
years; Gp4, n=34: 41-40 years; Gp5, n=42: 51-60 years, and Gp6,
n=34: over 60 years. The 25-30 years age group recorded the highest
median score (6.58), while the younger age group recorded the
lowest median value of 4.50. From a post-hoc test, it was evident that
the middle age group’s desire to attain a good reputation of their
companies was more important than that of the younger and older
age groups. Therefore, the desire to bring the company to reputation
grows from the younger age; it peaks in the middle age, but fades
as one grows older. By implication, there might be fewer younger
age generation (under 25 years) individuals owning companies than
middle age groups; or else, middle age might be more loyal than
the younger age. The fact that the younger age is not concerned a
great deal with the attainment of the reputation of their employing
companies could be an indication of the instability in their work place.
With regard to qualification, a Kruskal-Wallis test revealed no
statistically significant difference (p=0.47) in the average of the
importance of organisational commitment across 8 different
qualification categories, where Ql1, n=9: Matriculation certificates;
Ql2, n=26: Diploma; Ql3, n=42: Bachelor degree; Ql4, n=32: Honours
degree; Ql5, n=13: Postgraduate diploma; Ql6, n=34: Masters degree;
Ql7, n=7: Doctorate degree, and Ql8, n=8: Others unspecified. The
Postgraduate diploma category recorded the highest median score
(6.67), while the Doctorate degree category recorded the lowest
median value of 6.00.
With regard to experience, a Kruskal-Wallis test revealed no
statistically significant differences in the average of the importance of
organisational commitment across 3 different experience categories
in the construction industry, where Exp1, n=8: less than 5 years; Exp2,
n=36: 5-10 years; Exp3, n=120: over 10 years, and p=0.37. The 5-10
years’ experience category recorded the highest median score
(6.42), while the less than 5 years’ experience category recorded the
lowest median value of 6.17.
Table 8 shows the individual mean scores of the variables related
to team working environment into a single mean score with a
high Cronbach’s alpha reliability of 0.96, and reports the average
significant differences of these variables in gender, age, qualification
and experience of construction and consultant team members’
perceptions of the importance of team working environment needs
to motivate them to achieve higher performance.
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Experience

Qualification

0.77

0.70

0.06

0.33

The development of mutual
trust and understanding

163

6.01

1.04

2

0.10

0.32

0.45

0.75

The clarity of the roles and
relationships between
participants

164

5.99

0.97

3

0.26

0.12

0.80

0.27

The support of information
with facts

162

5.96

1.02

4

0.27

0.53

0.15

0.63

The encouragement of
active participation of
everybody

164

5.93

1.16

5

0.25

0.50

0.85

0.69

The striving to serve a
common goal beyond
individual differences

161

5.93

1.12

6

0.01

0.05

0.55

0.76

The setting out of required
standards of the team in
advance

164

5.91

1.10

7

0.09

0.09

0.37

0.88

A careful selection of team
members

164

5.90

1.05

8

0.71

0.52

0.53

0.67

Effective procedures that
underpin the actions of the
team

160

5.83

1.11

9

0.07

0.42

0.15

0.60

The evaluation of the team’s
effectiveness

162

5.82

1.05

10

0.31

0.23

0.07

0.43

(Sig.)

1

(Sig.)

0.89

Age

6.32

(Sig.)

161

(Sig.)

SD

The ability of the manager to
lead the team

Rank

Team working environment
factors

Mean

Gender

The importance of team working environment
motivational factors

N

Table 8:

The mix of experience

160

5.75

1.18

11

0.86

0.02

0.70

0.81

A constructive follow-up in a
friendly manner

164

5.70

1.12

12

0.21

0.04

0.14

0.77

The proportion of time
allocated to the project

162

5.69

1.13

13

0.02

0.25

0.30

0.70

The acceptance of new
ideas

163

5.65

1.02

14

0.42

0.17

0.41

0.41

The involvement of team
members in formulation of
goals so as to develop a
common purpose

164

5.65

1.18

15

0.61

0.03

0.08

0.49

A full delegation of power to
commit to major decisions

161

5.63

1.20

16

0.82

0.12

0.40

0.78

The mix of skills

164

5.62

1.20

17

0.49

0.00

0.70

0.63

The harmonisation of intrateam tensions

161

5.61

1.25

18

0.01

0.03

0.10

0.60

The clarification of
suggestions

163

5.60

1.04

19

0.31

0.05

0.10

0.26

20

0.01

0.11

0.02

0.21

0.08

0.04

0.22

0.77

The mediation of intra-team
conflict

162

5.57

1.25

Average

164

5.80

0.81

Cronbach’s alpha: 0.96 (high reliable)
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From Table 8, it is evident that the ability of the manager to lead the
team (6.32), the development of mutual trust and understanding
(6.01), and the clarity of the roles and relationships between
participants (5.99) had the highest mean scores. This reveals that the
role of the project manager is of utmost importance in achieving
successful project delivery. In addition, good relationships between
project participants would create a working environment conducive
to enhancing higher performance in a construction project. The
average mean of 5.80 demonstrates the state of high importance
of the team working environment towards achieving higher job
performance.
With regard to gender, a Mann-Whitney U-Test revealed no statistically
significant difference (p=0.08) in the average of the importance of
team working environment levels of males (Md=5.80, n=132) and
females (Md=6.13, n=32). A statistically significant difference between
gender groups was found in statements such as the harmonisation
of intra-team tensions, the mediation of intra-team conflict, the
striving for serving a common goal beyond individual differences,
and the proportion of time allocated to the project. Most obviously,
the team working environment should be gender sensitive in such
identified issues.
With regard to age, a Kruskal-Wallis test revealed a statistically
significant difference (p=0.04) in the average of the importance of
team working environment across 6 different age groups, where Gp1,
n=1: under 25 years; Gp2, n=14: 26-30 years; Gp3, n=39: 31-40 years;
Gp4, n=34: 41-40 years; Gp5, n=42: 51-60 years, and Gp6, n=34: over 60
years. The 41-50 years age group recorded the highest median score
(6.13), while the younger age group recorded the lowest median
value of 5.35. From post-hoc results, it is evident that the younger
age group is more concerned with team working environment
than the older age group (Gp4: Md=6.13 vs Gp5: Md=5.60; Gp4:
Md=6.13 vs Gp6: Md=5.75). By implication, the older age groups
have a diminished need to focus on team working environment.
Furthermore, there was a significant difference between age groups
in the mix of skills, the mix of experience, the harmonisation of intrateam tensions, the proportion of time allocated to the project, and
the involvement of team members in the formulation of goals so as to
develop a common purpose. A post-hoc test revealed a significant
difference between the 41-50 year and the over 60 year groups.
Findings revealed that the older age groups have a withdrawal
attitude towards the harmony of team working environment.
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With regard to qualification, a Kruskal-Wallis test revealed no
statistically significant difference (p=0.22) in the average of the
importance of team working environment across 8 different
qualification categories, where Ql1, n=9: Matriculation certificate;
Ql2, n=26: Diploma; Ql3, n=42: Bachelor degree; Ql4, n=32: Honours
degree; Ql5, n=13: Postgraduate diploma; Ql6, n=34: Masters degree;
Ql7, n=5: Doctorate degree, and Ql8, n=2: Others unspecified. The
Matriculation certificate qualification recorded the highest median
score (6.80), while the Doctorate degree qualification recorded the
lowest median value of 5.65.
With regard to experience, a Kruskal-Wallis test revealed no statistically
significant difference (p=0.77) in the average of the importance of
team working environment across 3 different experience categories
in the construction industry, where Exp1, n=8: less than 5 years; Exp2,
n=36: 5-10 years, and Exp3, n=120: over 10 years. The 5-10 years’
experience category recorded the highest median score (5.95),
while the less than 5 years’ experience category recorded the lowest
median value of 5.78.
The analysis of Hypothesis 1, “Age, experience, qualification and
gender do not result in statistically significant differences in construction
and consultant team members’\’ perceptions of the importance of
motivational factors” showed no statistically significant difference
in the majority of the demographic groups. However, a statistically
significant difference was found in age for self-development needs
and team working environment.
7.3

Hypothesis 2: Monetary incentives

Table 9 shows the output of normality test on the importance of
monetary incentives. Based on Shapiro-Wilk, the significance level of
0.31 shows that assumption of normality was not violated; thus, the
hypothesis was computed using parametric tests, namely T-test and
ANOVA.
Table 9:

Tests of normality for the importance of incentives
Kolmogorov-Smirnov
Statistic

Monetary incentives

0.05

Df
164

Shapiro-Wilk

Sig.
0.20

Statistic
0.99

Df
164

Sig.
0.31

Table 10 shows the individual mean scores of the variables related to
monetary incentives into a single mean score with a low Cronbach’s
alpha reliability of 0.74, and reports the average significant differences
of these variables in gender, age, qualification and experience of
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construction and consultant team members’ perceptions of the
importance of monetary incentives needs to motivate them to
achieve higher performance.

Experience

Qualification

1

0.18

0.30

0.44

0.19

Monetary incentives awarded
individually only to team
members achieving specific
objectives

159

4.72

1.66

2

0.25

0.40

0.13

0.46

Monetary incentives equally
shared among team members

162

4.56

1.63

3

0.70

0.07

0.34

0.66

Monetary incentives
transferred to employing
company

154

4.15

1.73

4

0.30

0.08

0.22

0.74

Average

160

4.63

1.22

0.48

0.07

0.09

0.52

(Sig.)

1.53

(Sig.)

Rank

5.05

Age

SD

160

(Sig.)

Mean

Monetary incentives
transferred to a specific
group which was responsible
for achieving the target
(example: reward to bricklayer
crew who are responsible for
exceeding time target)

Monetary incentives

(Sig.)

No.

Gender

Table 10: The importance of monetary incentives

Conbach’s alpha: 0.74 (low reliability)

From Table 10, it is evident that monetary incentives transferred to a
specific group which was responsible for achieving the target (5.05),
monetary incentives awarded individually only to team members
achieving specific objectives (4.72), and monetary incentives equally
shared among team members (4.76) had the highest mean scores.
The average mean of 4.63 demonstrates the state of moderate
importance of monetary incentives towards achieving successful
project delivery. It is evident that the study produced the low reliable
score of 0.74. Given that Cronbach’s alpha coefficient is sensitive to
the number of items in the scale, Pallant (2010: 97) advises that the
coefficient of reliability with the value of 0.5 in scales with fewer than
10 items is common. The reliability score of 0.74 is acceptable, given
that the reliability test was conducted on 4 items.
With regard to gender, an independent t-test revealed no statistically
significant difference (p=0.48) in the average of the importance of
monetary incentive levels in scores for males (M=4.67, SD=1.27) and
females (M=4.77, SD=1.02).
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With regard to age, the ANOVA test revealed a statistically significant
difference (p=0.07) in the average of the importance of monetary
incentives across 6 different age groups, where Gp1: less than
25 years; Gp2: 25-30 years; Gp3: 31-40 years; Gp4: 41-50 years, Gp5:
51-60 years, and Gp6: over 60 years. The 41-50 years age group
recorded the highest mean score (5.19), while the younger age
group recorded the lowest mean score of 3.75.
With regard to qualification, the ANOVA test revealed a statistically
significant difference (p=0.09) in the average of the importance of
monetary incentives across 8 groups: Ql1: Matriculation certificate;
Ql2: Diploma; Ql3: Bachelor degree; Ql4: Honours degree; Ql5:
Postgraduate diploma; Ql6: Masters degree; Ql7: Doctorate degree,
and Ql8: Others unspecified. The Matriculation certificate group
recorded the highest mean score (5.58), while the Honours degree
group recorded the lowest mean score of 3.75.
With regard to experience, the ANOVA test revealed a statistically
significant difference (p=0.52) in the average of the importance of
monetary incentives across 3 groups: Exp1: less than 5 years; Exp2:
5-10 years, and Exp3: over 10 years. The less than 5 years’ experience
group recorded the highest mean score (4.94) and the over 10 years’
experience group recorded the lowest mean score (4.57).
The analysis of Hypothesis 2, “Age, experience, qualification and
gender do not result in statistically significant differences in construction
and consultant team members’ perceptions of the importance of
monetary incentives”, showed no statistically significant difference
in the majority of the demographic groups. However, a statistically
significant difference was found in age and experience in the
construction industry.
7.4

Hypothesis 3: Priority project objectives to be aligned with
monetary incentives

Table 11 shows the mean scores of the questions related to priority
project objectives aligned with monetary incentives, and reports the
reliability of each question based on Cronbach’s alpha test results. It
is evident that the study produced highly reliable measures ranging
from 0.94 to 0.99.
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Table 11: Project objectives aligned with monetary incentives
Reliability
Project objectives

No.

Mean

SD

Rank

Number
of items
per
question

Cronbach’s
alpha

Comments

Primary project objectives
Time

158

5.25

1.48

1

11

0.97

Highly
reliable

Quality

157

5.12

1.54

2

15

0.99

Highly
reliable

Cost

159

5.09

1.40

3

13

0.97

Highly
reliable

Secondary project objectives
Health (HIV/AIDS)
and safety

152

4.76

1.90

4

7

0.98

Highly
reliable

Skills transfer

153

4.30

1.66

5

7

0.94

Highly
reliable

Poverty alleviation

151

4.18

1.81

6

10

0.98

Highly
reliable

Provision of work
opportunities to
SMMEs

150

3.88

1.81

7

5

0.95

Highly
reliable

Gender and racial
equality

150

3.68

1.73

8

8

0.98

Highly
reliable

Average

154

4.52

1.31

From Table 11, it is evident that primary project objectives such as
time (5.25), quality (5.12) and cost (5.09) had average mean scores
above 5. This scoring demonstrates the state of higher importance
of offering monetary incentives towards achieving primary project
objectives. Secondary project objectives such as health (HIV/AIDS)
and safety (4.76), skills transfer (4.30), poverty alleviation (4.18),
provision of work opportunities to SMMEs (3.88), and gender and
racial equality (3.68) had average mean scores below 5. This scoring
demonstrates the state of moderate importance of offering monetary
incentives towards achieving secondary project objectives.
The average on the importance of monetary incentives aligned
with 8 project objectives in terms of their achievement of a project
success was subjected to principal component analysis (PCA) using
SPSS version 21. The Kaiser-Meyer-Oklin value in Table 12 was 0.88 and
the Bartlett’s Test of Sphericity reached a statistical significance (0.00),
supporting the factorability of the corelation matrix. The PCA was
used, given that the model sought to set priority project objectives
aligned with incentives. Field (2013: 676) indicates that the basic idea
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of the PCA is to retain components with relatively large eigenvalue
and ignore those with relatively small eigenvalues. The PCA, as shown
in Table 13, revealed the presence of two components (SMMEs and
Health) with eigenvalues exceeding 1, explaining 57.90% and 15.52%
of the variance, respectively.
Table 12: Kaiser-Meyer-Olkin Measure and Bartlett’s Test
Kaiser-Meyer-Olkin and Bartlett’s Test
Kaiser-Meyer-Olkin Measure of sampling adequacy

0.88

Approximate Chi-Square
Bartlett’s Test of sphericity

709.34

Df

28.00

Sig.

0.00

Table 13: Total variance explained

Cumulative %

% of variance

Cumulative %

57.90

4.63

57.90

57.90

3.22

40.24

40.242

1.24

15.52

73.42

2.65

33.18

73.418

Health

1.24

15.52

73.42

Skills

0.56

7.00

80.42

Poverty

0.47

5.81

86.23

Gender

0.39

4.87

91.11

Time

0.33

4.11

95.22

Cost

0.25

3.09

98.31

Quality

0.13

1.69

100.00

Total

% of variance

57.90

Rotation sums of
squared loadings

Total

4.63

Extraction sums of
squared loadings

Cumulative %

SMMEs

% of variance

Component

Total

Initial Eigenvalues

A further analysis with a two-component solution explained a total
of 73.42% of the variance, with SMMEs contributing 57.90% and
Health contributing 15.52%. To aid the interpretation of these two
components, the varimax rotation was performed in Table 14. Varimax
rotation was proposed, given that it was assumed that the variables
are not correlated. This is confirmed by the value of the covariance
which was 0.00, meaning two variables were independent of each
other; thus the value of one does not provide any assistance in
predicting the value of the other. The communalities output in Table
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15 showed that all values were above 0.3, with gender displaying the
lowest value of 0.56. This confirms that there was no need to refine the
scale (Pallant, 2010: 198).
Table 14: Component score covariance matrix
Component

1

2

SMMEs

1.00

0.00

Health

0.00

1.00

Table 15: Rotated component and component score coefficient
matrices
Component

Rotated component
matrix

Component score
coefficient matrix

Component

Component

1

2

1

Communalities

2

Extracted

SMMEs

0.82

0.31

-0.10

0.74

Health

0.79

0.31

-0.13

0.66

Skills

0.78

0.30

-0.12

0.63

Poverty

0.77

0.27

-0.06

0.68

Gender

0.68

0.31

0.22

-0.02

0.56

Time

0.91

-0.14

0.43

0.90

Cost

0.89

-0.17

0.44

0.83

0.85

-0.07

0.37

0.87

Quality

0.38

From the PCA output in rotated component matrix, the column
denoted by 1 represents components that have positive loadings
(Pallant, 2010: 186). Similarly, it is evident that secondary project
objectives such as the provision of work opportunities to SMMEs,
promotion of health (HIV/AIDS) and safety, skills development,
poverty alleviation, and gender and racial equality may be achieved
if monetary incentives were provided. The column denoted by
2 represents components that have negative loading (Pallant, 2010:
186). This implies that primary project objectives such as cost, time,
and quality may not necessarily be achieved through the provision
of monetary incentives. However, given that gender and quality
objectives are located at both sides, they may be achieved through
monetary incentives.
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With regard to the decision concerning the number of factors to be
retained, Pallant (2010: 184) proposes Kaiser’s criterion, scree test, and
parallel analysis. Kaiser’s criterion consists of retaining only factors with
the eigenvalue of 1.0 or more. In this article, Kaiser’s criterion was used
to select factors to be retained. Only 2 factors exceeded 1; it was thus
not deemed necessary to use further decision-making methods such
as a scree test or parallel analysis.
The analysis of Hypothesis 3 consisted of dimension reduction, testing
the importance of monetary incentives aligned with 8 project
objectives in terms of their achievement of a project success using
a principal component analysis. Results showed that the provision of
work opportunities to SMMEs, and the focus on health (HIV/AIDS) and
safety objectives need to be prioritised, and the provision of monetary
incentives would yield positive results. A comprehensive model can
be developed from priority project objectives which construction
and consultant team members agree upon, if aligned with monetary
incentives.

8.

Model layout and conclusions

Figure 3 is a model developed from the combination of the PCA on
project objectives aligned with monetary incentives, test results of
significant differences of motivational factors as tension agents and
incentives as activation agents.

Figure 3:

108

Model for project objectives aligned with monetary incentives

Ndihokubwayo, Crafford & Buys • Model for setting priority
From the PCA output, it is evident that secondary project objectives
(SMMEs, health and safety, skills, poverty, gender) are located on the
left hand side, and primary project objectives (cost, time, quality)
are located on the right hand side. From the model, it is evident that
monetary incentives should be given priority in order to achieve the
provision of work to SMMEs and health (HIV/AIDS) and safety project
objectives (see Table 15).
The CIDB (2010b: 1) indicated that there is a compelling need to
unlock growth and to develop sustainable contracting capacity, as
well as to enhance the development of previously disadvantaged
individuals and enterprises. In order to unlock such growth strengths,
the government has initiated the National Contractor Development
Programme (NCDP) spearheaded by the CIDB, national and
provincial public works and other willing stakeholders to enhance
the capacity, and promote the equity ownership across different
contracting categories and grades, as well as to improve skills and
performance in the delivery of capital works and maintenance across
the public sector (CIDB, 2010b: 3). The CIDB (2010b: 9) proposes many
contractor development components, in which the provision of
work opportunities to SMMEs falls under the component focusing on
contracting enterprise development contractor grades 3 to 6.
While the provision of work opportunities to construction SMMEs is
done through direct contract and joint ventures, the study revealed
that there is a need for the provision of monetary incentives in order
to achieve this objective. By implication, mentoring lower grade
contractors may negatively affect the business efficiency of the
higher grade contractors. The CIDB (2010c: 5) proposes that the cost
of training, mentoring and programme overheads be included when
evaluating the cost of contractor development as follows:
•

Grade 1 contractor: R50 000 per year, and

•

Grades 2 to 6 contractor: R100 000 per year.

Despite such a provision of covering mentoring expenses, it is
not evident whether mentoring contractors or individuals are
satisfied with such an arrangement of the provision of monetary
incentive. However, while the provision of work to SMMEs would
be an opportunity for satisfying construction and consultant team
member’s motivational factors needs, their age groups should not
be overlooked. As reported in Tables 6 and 8, the study revealed a
statistically significant difference in age group for self-development
needs and in team working environment. Typically, the older age
groups were found to have a diminished need for professional
registration or autonomy. Given that the older age groups have a
109

Acta Structilia 2014: 21(1)
diminished need to focus on team working environment, care should
be taken to avoid age-related problems.
The PCA also reveals that monetary incentives should be regarded as
important in order to achieve health (HIV/AIDS) and safety objectives.
Arguably, this could be a signal raising the concern about the status
of health and safety in the South African construction industry;
typically, claiming that monetary losses incurred due to health and
safety might be recovered in one way or another. In fact, Mthalane,
Othman & Pearl (2008: 5) complain that unsafe and unhealthy
working conditions have still taken an economic toll at the start of
the 21st century. In addition, Kyereh & Hoffman (2008: 45) indicate
that HIV/AIDS results in increased costs for a company in the form of
insurance, cover, retirement fund claims, health and safety claims,
medical assistance, increased demand for training, recruitment
and funeral costs. The findings suggest that monetary incentives be
offered towards compliance with H&S standards, the achievement
of H&S requirements, and the induction programme on H&S, prior to
commencing the project. While it could be argued that the provision
of monetary incentives may compromise health and safety ethics,
monetary incentives may be administered in a strict way in order
to achieve health and safety targets. For example, Dean (2010: 38)
points out that the employers who implement prescribed health and
safety improvements in their work places must receive a rebate on
premiums. In the short run, monetary incentives may work well in
order to achieve secondary project objectives. However, it may be
suggested that other intervention measures be initiated from various
construction stakeholders in order to enhance a successful project
delivery.

9.

Recommendations

In the short-run, monetary incentives should be prioritised in order
to achieve secondary project objectives (the provision of work
opportunities to SMMEs, health and safety, skills transfer, poverty
alleviation, and gender and racial equality) as opposed to primary
project objectives (cost, time, quality), of which the achievement
would not necessarily involve monetary incentives.
In the long-run, various interventions should be initiated to address
impediments to the achievement of project objectives. This will
require not only the individual construction and consultant firms, but
also the participation of various construction industry stakeholders.
In order to reconcile the problems arising from gender differences
of individuals involved in the construction project, the government
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policy makers and regulatory bodies would be required to review
policies from time to time. The study revealed that age grouprelated differences emanate from the inherited colonial leadership
styles; therefore, construction firms are required to conduct seminars
and workshops to harmonise the differences between age groups.
Qualification-related group differences may be settled in partnership
between employing organisations and learning institutions to design
tailor-made courses for bridging the gap between the qualification
levels. In-house training within companies may also fill the gap.
Problems related to experience in the construction industry should be
addressed through a joint effort between the employing companies
and built-environment professional bodies in order to identify and fill
the gap.
Further studies should investigate to what extent construction-related
organisations are committed to promoting motivational factors
at both organisation and project level. In addition, further studies
should be conducted to determine any possible gender imbalances
affecting work performance, career development and professional
registration. While the test for the significant difference between
groups was based on the respondents’ demographics, further
studies could focus on grouping them according to their professional
affiliations.
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Abstract
Earth construction is an appropriate method for building houses in arid and
semi-arid areas in South Africa due to its low environmental impact and
responsible use of on-site resources. A South African Netherlands Research
Programme on Alternatives in Development (SANPAD) project conducted by
the University of the Free State’s Earth Unit focused on attitudes and perceptions
towards building materials used to construct houses in poor communities. For
this article, quantitative attitudinal responses from the SANPAD survey and
objective rainfall and temperature measurements were analysed for the 2004
dry season before rainstorms (n=784) and for the 2006 wetter season during/
after rainstorms (n=609). Using a quasi-experimental research design, the study
investigates changes in attitudes after rainstorms in relation to respondents’
preferred building materials, preferred qualities of materials, and reasons for
disliking earth materials. This article reports on the results of an investigation
into the effects of local climatic conditions on changes in the acceptability
of building materials with a focus on earth construction. Results indicate that
rainfall reinforces and intensifies people’s disapproval of earth as a building
material and shift perceptions from aesthetic considerations to strength/safety/
durability. Severity of rainstorms and extreme temperatures also seem to shape
people’s perceptions of materials. Perceptions of earth bricks were more
negative after the storms and people became more concerned about rain.
Findings suggest a link between climatic conditions and perceptions of earthconstructed buildings. An understanding of the present attitudes towards earth
construction is necessary in order to support traditional earth construction as an
acceptable way forward in contemporary architecture.
Keywords: Acceptability, attitudes, building materials, earth construction,
climatic conditions, rainfall, quasi-experimental research
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Abstrak
Grondkonstruksie is ‘n gepaste metode vir die bou van huise in dorre en
semi-dorre gebiede in Suid-Afrika as gevolg van die lae omgewingsimpak
en verantwoordelike gebruik van plaaslike hulpbronne. ‘n SANPAD-projek
uitgevoer deur die Universiteit van die Vrystaat se Grondeenheid fokus op
mense se gesindhede en persepsies van boumateriale wat gebruik word in
die konstruksie van huise in lae inkomste gebiede. Hierdie navorsing analiseer
kwantitatiewe gesindhede uit die SANPAD-vraelys en objektiewe reënvalen temperatuursyfers tydens die 2004 droë seisoen voor reënstorms (n=784)
en tydens die 2006 nat seisoen tydens/na reënstorms (n=609). Die studie
ondersoek veranderinge in respondente se gesindhede na reënstorms in terme
van hul voorkeure vir boumateriale en vir die kwaliteite van boumateriale,
en die redes vir afkeure van boumateriale. Die artikel lewer verslag oor die
resultate van ‘n ondersoek oor die invloed van plaaslike klimatologiese
gebeurtenisse op die aanvaarding van boumateriale deur gebruik te maak
van ‘n semi-eksperimentele navorsingsontwerp, met spesifieke verwysing na
grondkonstruksie. Die bevindinge dui daarop dat reënval mense se afkeure
rondom grondkonstruksie as ‘n boumateriaal versterk, en dat hul persepsies
verander van estetiese oorwegings na sterkte/veiligheid/duursaamheid. Dit
wil voorkom of die intensiteit van reënstorms en ekstreme temperatuurverskille
ook mense se persepsies van materiale beïnvloed. Respondente se persepsies
van songedroogde stene was meer negatief na die reënstorms en hulle was
meer bekommerd oor reën. Hierdie bevindinge stel voor dat klimatologiese
gebeurtenisse mense se persepsies van grondkonstruksie kan beïnvloed. ‘n
Meer indiepte begrip van gesindhede teenoor grondkonstruksie is nodig om
die ontwikkeling van tradisionele boumetodes as ‘n aanvaarbare opsie in
kontemporêre argitektuur te ondersteun.
Sleutelwoorde: Aanvaarding, gesindhede, boumateriale, klimatologiese
gebeurtenisse, grondkonstruksie, reënval, semi-eksperimentele navorsing

1.

Introduction

As with a variety of vernacular built forms, rural earth-construction
techniques in southern Africa were developed by indigenous groups
settled in a single location for long periods of time. Currently, self-built
home construction in southern Africa using traditional materials and
seasonal decoration is still strongly linked to rural earth construction
(Bosman, 2006). In terms of informal dwellings, the sustainable
practices associated with traditional earth construction are being
replaced by contemporary urban shacks built from re-used and
recycled materials. Even in the formal sector, government-provided
RDP (Reconstruction and Development Programme) housing is not
constructed from earth and reflects hardly any indigenous references,
personality or character (see Figure 1).
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Figure 1:

Wall details of traditional southern Sotho earth-constructed houses

Source:

Matthews & Changuion, 1989: 6, 130

There is a growing consciousness regarding earth construction in
South Africa and across the world (Bosman, 2012; Rael, 2009). A few
exceptional examples of modest, yet long-life, low-energy buildings
have been constructed over the past few years (Buchanan, 2006).
The Earth Unit at the University of the Free State is developing
capacity-building and training programmes for various stakeholders
such as small-scale builders, community members, students and
professionals to further support the growth of this viable construction
method (Bosman, 2006).
This article investigates whether the amount of local rainfall in
different areas influences people’s perceptions of the durability
of earth construction, which may further contribute to this shift
in building culture. The analysis for this study aims to investigate
whether earth construction is viewed differently during rainy and dry
seasons in the same areas, suggesting that people’s experience of
climatic conditions is a contributing factor to whether they perceive
earth construction as a viable construction material for shelter. The
objective of the research is to suggest the importance of considering
local climatic conditions in partially shaping people’s attitudes
towards what is considered an appropriate construction material,
allowing building professionals to anticipate the acceptability of a
building material within different contexts.
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2.

Earth construction

2.1

Climate change

Over the centuries and across cultures, local climatic conditions have
shaped traditional building processes (Fathy, 1986; Krishan, Baker,
Yannas & Szokolay, 2001; Mumford, 1961). The regional climate not
only determines the availability of building materials in an area, but
also affects the way in which buildings and houses are constructed
to respond to the climate and natural occurrences (e.g., rainfall,
wind, sun exposure) (Fathy, 2000; Rudofsky, 1964). More recent
studies indicate that natural occurrences also impact on people’s
perceptions (Marsh, 1996) and behavioural responses (Shanahan,
2000). For example, a study using data from Scotland and England
shows that an unusually hot summer and warm weather can affect
people’s perceptions, and that regional cultural differences can
only partly explain behavioural outcomes (Palutikof, Agnew & Hoar,
2004). A large body of research has been conducted on people’s
perceptions of climate change (Bord, Fisher & Conner, 1998; Dunlap,
1998; Kempton, 1991; Seacrest, Kuzelka & Leonard, 2000), although
fewer studies have examined the perceptual and behavioural
changes associated with climate change and climatic events. The
limited number of studies conducted under the theme of climate
change have mostly focused on the psychological impacts of grief
experienced as a result of losing one’s home due to natural disasters
followed by forced relocation (Hinds & Sparks, 2008). In addition, the
psychological impacts of environmental degradation over time are
rarely acknowledged (Rogan, O’Connor & Horwitz, 2005: 147).
The impact of natural disasters such as cyclones, tornadoes, floods, and
earthquakes on heritage buildings is a growing concern, especially
with extreme climatic conditions occurring in previously unaffected
areas due to climate change. Increasingly, local conferences,
proceedings and reports link natural disasters with heritage concerns
in South Africa and other southern African countries (Meier, Petzet &
Will, 2007; Taboroff, 2001; UNECA, 2002). Despite the mounting
concerns, no previous local or international studies have examined
the impact of natural disasters (e.g., rainfall) on earth-constructed
buildings. The predominantly semi-arid South African climate is ideal
for earth buildings, protecting earth structures from persistent rain and
moisture. The main concern associated with earth construction in
South Africa is protecting earth structures from rapid water infiltration
from afternoon showers, thunderstorms, and flash floods.
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Some international contributions have promoted heritage and
conservation of earth construction. For example, there was a
combined effort by the United Nations Educational, Scientific,
and Cultural Organization (UNESCO), the World Bank, and other
organisations and educational institutions to assist the historic city
of Bam in the Islamic Republic of Iran after the devastating 2003
earthquake (ICHO, 2004). Over 26 000 people died and 30 000
were injured, spurring a debate about whether traditional earth
construction should be used to rebuild the city. During the debates
and decision-making processes, no mention was made of research
focusing on the link between perceptions of earth-built structures
and cataclysmic weather-related events. It is evident that pressure
is mounting, and that adaptation to climate change necessitates
more research in this field (Berk & Fovell, 1999; Steemers, 2003).
Structural limitations associated with earth construction and
insecurity associated with climate change may be some of the
factors responsible for the decline in popularity of traditional earth
as a viable building material (Morris & Blier, 2004). Other reasons for
the decline in popularity of earth construction may have little to
do with the objective properties of the building material, but with
growing aspirations to modernise and how people perceive earth
construction, for example in terms of aesthetics and durability.
2.2

Perceptions of construction materials

Several studies have investigated people’s perceptions of construction
materials (Hadjri, Osmani, Baiche & Chifunda, 2007). A recent study
in Scotland examined two culturally distinct groups in order to
determine what role “place” had in their understanding of materials.
One key finding was that the two groups differed significantly in the
way in which they perceived construction materials, suggesting
that geographic location may influence people’s attitudes towards
materials. Nine common construction materials were included in the
study. There was an overwhelming preference for wood, stone and
glass, and a distinct dislike for concrete, plaster, mud and plastic
(Stevenson, 2006: 259-262).
To conceptualise the link between locally available materials such
as earth construction and people’s perceptions, James Gibson’s
theory of affordances could be considered. The theory offers
one way of viewing the relationship between building materials,
people’s perceptions of these materials, and situational factors
such as climatic conditions that may alter people’s perceptions of
building materials. His theory was developed to describe how people
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perceive objects in their surroundings as having latent use value
and how people experience purposeful relationships with these
objects (Gibson, 1979). In this study, such an interactive relationship
between people’s perceptions and the objects in their surroundings
is considered with reference to available building materials and how
people perceive these materials to fulfil their purpose as a viable
construction material. For example, stone provides strength through
its appearance of solidity and strength, whereas wool provides
warmth and comfort through the appearance of thickness and
softness (Stevenson, 2006: 260). However, people also consider the
context in which the object (or building material) is found in order to
frame their perceptions of the objects’ use value. For example, wool
may be perceived to provide little use value in a hot desert climate,
whereas a thin cloth may be ideal to cover and protect the human
body from the sun. The notion that physical materials are perceived
to have inherent qualities and characteristics fit for their intended
purposes in specific contexts (e.g., whether materials are considered
‘good’ enough for permanent shelter in different climatic conditions)
may become important in understanding why earth construction as
a building method is declining.

3.

Research methods

Data from a face-to-face survey conducted in 2004 and 2006 in
central South Africa were used to investigate the question as to
whether climatic conditions and rainfall, in particular, influence
attitudes towards earth-constructed buildings. The data were
collected as part of the SANPAD project. No previous study of this
kind has been conducted in South Africa, and further analysis of the
SANPAD data sets provided an opportunity to explore additional
research questions. Usually, data sets from the mid-2000 containing
psychosocial and perceptual data would be considered outdated.
However, the study presented in this article only investigates the
influence of rainfall on differences in perceptions towards building
materials in poor communities as an observable phenomenon rather
than a time-dependent reporting of social-cultural patterns. This
hypothesised link, in particular, is unlikely to change over the course
of eight to ten years due to the annual reoccurrence of rainfall and
the minimal likelihood of innovation of building techniques in the
areas without deliberate intervention, which may be a likely factor
that could start to alter people’s perceptions.
Study locations were selected within a four-hour drive from
Bloemfontein, the most centrally located city in South Africa (see
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Figure 2). This enabled the researchers to investigate issues regarding
earth-constructed dwellings in arid and semi-arid areas in South
Africa where rainfall occurs infrequently, but is more rapid and severe
in the form of rainstorms. Due to the nature of rainfall in these areas,
it is likely that people experience these occurrences more intensely,
affecting their attitudes towards strength, stability, durability, and
safety of home-building materials. The sampled areas have some
earth-constructed dwellings, are located in both urban and rural
settings, and consist of both formally and informally built structures.

Figure 2:

The four research locations selected for the study

Source:

Bosman, 2006: 302

The SANPAD survey focused on attitudes of people both living and
not living in earth-constructed dwellings. Participants came from poor
to below-average poor households where basic services such as
running water, a flushing toilet and electricity constituted acceptable
living standards. Survey I (n=784) was conducted during the 2004 dry
season from 12 June to 1 July, and Survey II (n=609) during the end of
the 2006 rainy season from 3 to 7 April. Staff members and Sesothoand Setswana-speaking students from the University of the Free State
conducted the Surveys.
To ensure a representative sample of respondents in households in
the areas, Stoker’s formula (1981) was used to calculate the number
of households to be surveyed from the sampling frame consisting of
all households in the areas. According to the formula, the sample size
should be a ratio relative to the size of the total population (households)
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within each area. The formula calculates the sample size as
× 20,
with N representing the total number of households in an area.
Stoker’s formula is applicable to this study, since the areas were fairly
homogeneous in terms of socio-economic factors and housing stock
(type of house, condition, etc.). In addition, the sample areas had an
acceptable mix of houses in terms of urban and rural, formal and
informal, and different material applications. For instance, of all the
participants interviewed during this study, 23.9% resided in earth
dwellings, 33.8% in corrugated iron, 18.6% in cement blocks, 15.8% in
burned bricks, and the remainder in a combination of materials (see
Figure 3). In other words, there was no need to apply a cluster
sampling method to the sample frame which would accommodate
location variation.
Accurate household level information for the areas was not available
from census or municipal records and counts of housing units were
taken from aerial photography to infer the approximate total number
of households. Stoker’s formula specified the following sample sizes
and percentage ratios for the different areas: Bankhara Bodulong,
n=245 households (N=3000 at 8%); Botshabelo, n=390 households
(N=7600 at 5%); Manokwane, n=154 households (N=1180 at 13%), and
Tsiame, n=182 (N=1650 at 11%). Once on site, every 4th housing unit
was selected, depending on the sampling ratio from Stoker for each
area, and the location was documented. This on-site systematic
sampling method was adopted to increase the likelihood of the
same households being selected during Survey II. In cases where
nobody was home, the previous or next house was interviewed and
this modification was recorded.
The respondent was coded as the head of household, spouse, tenant,
adult child, or other. Wherever possible, interviewers tried to interview
the same person during Survey II; however, another household
member was interviewed the second time around in the absence
of the Survey I respondent. Completed questionnaires were spotchecked to ensure data quality. The four areas where Survey I (2004)
and Survey II (2006) were conducted include Bankhara Bodulong
(Survey I – n=231 and Survey II – n=137); Botshabelo (Survey I – n=390 and
Survey II – n=155); Manokwane (Survey I – n=91 and Survey II – n=148),
and Tsiame (Survey I – n=72 and Survey II – n=169). The response rates
during the two Surveys by areas are as follows: Bankhara Bodulong,
Survey I = 96.7% and Survey II = 55.9%; Botshabelo, Survey I = 99.5% and
Survey II = 39.7%; Manokwane, Survey I = 59.0% and Survey II = 96.1%,
and Tsiame, Survey I = 39.6% and Survey II = 92.3%. The differences
in response rates between Survey I and Survey II can be attributed
to financial constraints. It was decided to have a full sample and a
124

Bosman & Van der Westhuizen • The effects of climatic conditions
smaller (subset) sample in each of the areas, equally distributing the
larger and smaller samples across the two Survey waves.

Figure 3:

An adobe house in Tsiame near Harrismith

Source:

Bosman, 2006: own picture

Survey I and Survey II contained both qualitative and quantitative
response items grouped into 26 questions. Questions 1 and 2
determined the location and questions 3 and 4 recorded respondents’
position in the household and language preference. Questions 5 to 9
requested general information (e.g., age, total of people living in the
house, permanent jobs, grants and income) on the household from
each participant. Questions 10 to 16 dealt with the house as physical
building and determined who built the house, total rooms, services,
walls and walls construction material. Questions 17 to 18 tested the
preferences of building materials, and questions 19 to 23 tested
respondents’ opinions on earth construction in general. Questions 24
to 26 tested views on RDP houses and who is responsible for building
houses for people. The descriptive statistics of this study across nine
areas were published in a report (Steÿn, 2009).
For purposes of this article, data for Questions 18, 19, 20, and 22 for
four areas are used as the link between attitudes of the acceptability
of earth construction; rainfall has not been investigated in the past. In
order to conduct this analysis, perceptual data from the face-to-face
Surveys (Survey I and Survey II) were supplemented with objectively
measured average monthly rainfall for the different areas at the time
when the Surveys were conducted. The data were obtained from
the South African national weather service. The two waves of Surveys
provided data for a quasi-experimental research design, considering
the independent influence of the differences in rainfall patterns
between Survey I (time 1) and Survey II (time 2).
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To rule out possible confounding variables, an analysis of variance
(ANOVA) test was employed to examine the associations between
respondents’ personal characteristics (e.g., location, ethnic
background, tenure, socio-economic status and size of household)
and measures of acceptability of building materials (e.g., preferred
construction materials, preferred qualities of building materials,
and disliked characteristics of construction materials). Personal
characteristics did not show any relationship with the outcomes used
in this analysis.
The new data for this study allowed for changes to be identified in
residents’ perceptions of building materials and earth construction
between Survey I, during the dry season, and Survey II, after/during
rainstorms and flooding. The analysis allows for the investigation
and presentation of this likely association between differences in
perceptions of building materials and natural occurrences such as
rainfall and storms. After significant rainfall, differences between
Survey I (dry season) and Survey II (wet season) were identified;
Question 1 examined whether there are differences between these
waves in terms of respondents’ preferred materials for walls. Further
questions considered the differences in preferred qualities of building
materials and the likelihood of associating specific problems with
specific building materials. The third set of questions focused on
how people rate the quality of adobe blocks/compressed earth
bricks (CEB), whether people consider adobe blocks/compressed
earth bricks to be problematic building materials, and what are the
problematic qualities of adobe blocks and compressed earth bricks.

4.

Findings

4.1

General perceptions of construction materials

Previous analysis of the SANPAD data found overall negative
perceptions of earth construction as a building material for the 2004
and 2006 samples in nine areas across the country. The acceptability
of houses constructed from earth brick was low, with the most
important reasons cited for dislike of this construction method
being that the houses collapse, are not strong/stable and cannot
withstand climatic factors such as rain and storms (Steÿn, 2009). In the
ensuing investigation, data from the same and related questions was
analysed for four study areas, comparing responses from Survey I with
those from Survey II. These four areas were selected from the data set
due to the availability of objective rainfall measurements of the areas
during the months when the Surveys were conducted.
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4.2

Objective rainfall measurements: Seasonal changes

In order to demonstrate the seasonal and climatic differences
between the times when the Surveys were conducted, objectively
measured rainfall data of 6 months at the time of the two Survey
waves are presented next. The four study locations are situated
in a summer rainfall area with annual rainfalls ranging between
200mm and 800mm, mostly late afternoon showers or thunderstorms.
However, the rainfall data indicate that the 2004 Survey I was
conducted during the dry winter months (in June), and the 2006
Survey II during the wet autumn months (in April). Table 1 shows
rainfall figures for the four areas prior and during Survey I compared to
the months prior and during Survey II. The total rainfall in the different
areas for two months, the month before and the month during which
the Surveys were conducted, are as follows: Bankhara Bodulong,
2.2mm (Survey I) compared to 189.2mm (Survey II); Botshabelo, 8.8mm
compared to 106.7mm; Manokwane, 1.5mm compared to 112.4mm,
and Tsiame, 2.7mm compared to 131.3mm. The differences between
the average monthly rainfall for the one month prior and during
Survey I and Survey II are: Bankhara Bodulong, 93.5mm; Botshabelo,
49.0mm; Manokwane, 60.0mm, and Tsiame, 64.3mm.
Table 1:

A comparative table of the rainfall (in mm) between
January and June in the four locations at the time of
Survey I (2004) and Survey II (2006). The grey fill indicates
the months prior and during the Surveys.
Bankhara
Bodulong

Rainfall
(mm)

2004

2006

Botshabelo
2004

2006

Manokwane
2004

2006

Tsiame
2004

2006

Survey I Survey II Survey I Survey II Survey I Survey II Survey I Survey II
conducted during
dry
months

wet
months

dry
months

wet
months

dry
months

wet
months

dry
months

wet
months

January

87.9

128.5

130.3

257.2

68.0

44.0

40.1

168.1

February

46.2

242.6

49.6

210.0

41

79.1

109.0

72.6

March

57.2

104.6

n/a

58.0

88.5

92.0

95.2

95.5

April
(survey II
was
conducted)

28.5

84.6

n/a

48.7

21.7

30.4

30.5

35.8

May

2.0

6.85

1.8

20.9

0.5

20.1

0.7

26.92

June
(survey I
was
conducted)

0.2

4.0

7.0

0.2

1.0

20.0

2.0

0.0
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It was anticipated that the occurrence of torrential rains and storms
would be associated with negative attitudes in all of the target areas,
since higher rainfall was observed across the sites during and prior to
April 2006. Prior to conducting the analysis presented in this paper, it
was anticipated that other considerations such as the appearance,
aesthetics, or even ease of construction would be considerations
during the dry season, whereas people may be more likely to expect
a building material’s durability and strength during seasons of higher
rainfall.
4.3

Attitudinal responses: Perceptions of construction materials

4.3.1

Preferred construction materials

Table 1 shows the results for Question 18 during Survey I and Survey II
concerning respondents’ most preferred materials for walls. The
question inquiring about respondents’ most preferred materials for
walls for the two Survey data combined indicated that cement blocks
at 27.0% and burnt bricks at 56.6% were the most popular building
materials in the four areas. Compressed earth bricks underperformed
significantly at 13.8%.
Table 2:

Respondents’ most preferred materials for walls
Survey I (2004)

Preferred
materials
for walls

n=784
(1 non-response)

Survey II (2006)
n=609

Survey I & Survey II
combined
n=1393

N=971

N=971

N=1942

n

%

n

%

n

%

Burned bricks/
Face brick

556

70.9

232

38.1

788

56.6

Cement blocks

14

1.8

363

59.6

377

27.0

Compressed
earth bricks

191

24.4

1

0.2

192

13.8

Adobe blocks

10

1.3

10

1.6

20

1.4

Missing

13

1.7

3

0.5

16

1.2

Total

784

100

609

100

1393

100

However, an interesting difference is observed when comparing
people’s preferred building material between Survey I and Survey II.
During Survey I, people preferred compressed earth bricks at 24.4% to
cement blocks at only 1.8%, while burned bricks were overwhelmingly
selected as the most preferred building material at 70.9%. After the
rainstorm during Survey II, people’s preference for compressed earth
bricks fell to 0.2%. They still preferred burned brick, but to a lesser extent
at 38.1%, while showing a higher preference for cement blocks at
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59.6%. The preference towards compressed earth blocks and adobe
blocks was very low. During Survey I, only 1.3% of participants chose
these materials and, during Survey II, even fewer people selected this
option at 0.8%.
4.3.2

Perceived qualities of building materials

The participants also responded to the open-ended Question 19,
describing the qualities of their preferred building materials used in
the construction of walls. Their responses were coded into categories
summarised in Table 3.
Table 3:

The most preferred qualities of building materials (%) in
Survey I and Survey II, in the four locations

Preferred
qualities
of building
material

Bankhara
Bodulong

Botshabelo

Manokwane

%
Survey II
(n=155)

%
Survey I

44.6
(174)

25.2
(39)

42.3
(58)

39.7
(155)

2.6
(6)

3.6
(5)

Temperature/
comfort/
climate

3.5
(8)

Quick building
process/size

Tsiame
%
Survey I

(n=91)

%
Survey II
(n=148)

(n=72)

%
Survey II
(n=169)

45.1
(41)

14.2
(21)

37.5
(27)

20.1
(34)

46.5
(72)

36.3
(33)

52.0
(77)

36.1
(26)

46.7
(79)

2.3
(9)

5.8
(9)

7.7
(7)

12.2
(18)

2.8
(2)

11.2
(19)

12.4
(17)

3.8
(15)

3.9
(6)

2.2
(2)

6.8
(10)

13.9
(10)

4.1
(7)

0.9
(2)

0.7
(1)

0.5
(2)

0.6
(1)

1.1
(1)

0.7
(1)

2.8
(2)

0.0
(0)

Cost/finance

2.2
(5)

7.3
(10)

2.8
(11)

4.5
(7)

2.2
(2)

3.4
(5)

0.0
(0)

2.4
(4)

Other

3.9
(9)

17.5
(24)

2.1
(8)

13.5
(21)

2.2
(2)

10.8
(16)

2.8
(2)

14.8
(25)

Missing

2.6
(6)

5.8
(8)

4.1
(16)

0.0
(0)

3.3
(3)

0.0
(0)

4.2
(3)

0.6
(1)

100.0
(231)

100.0
(137)

100.0
(390)

100.0
(155)

100.0
(91)

100.0
(148)

100.0
(72)

100.0
(169)

%
Survey I
(n=231)

%
Survey II
(n=137)

Aesthetics

40.7
(94)

10.2
(14)

Strength/
safety/
durability

43.7
(101)

Less problems/
lower
maintenance

Total

%
Survey I
(n=390)

The two most important preferred qualities of building materials
are Aesthetics and Strength/Safety/Durability (see Table 3). During
Survey II, participants value aesthetics much less compared to the
importance of aesthetics during Survey I: compare the significant
drop from Survey I to Survey II in Bankhara Bodulong, 40.7% to 10.2%;
in Botshabelo, 44.6% to 25.2%; in Manokwane, 45.1% to 14.2%, and in
Tsiame, 37.5% to 20.1%. However, strength/safety/durability remains
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an important quality of building materials during Survey II. In fact,
in three of the four areas (Botshabelo, Manokwane and Tsiame)
responses increased significantly. Some differences between Survey I
and Survey II are also observed for the ‘Other’ category, with more
people selecting this option during Survey II across the four areas.
In order to understand the specific responses under the ‘Other’
category, the original qualitative responses were considered. It was
found that people consistently mention conditions that point to
rainfall and that a building material should be able to withstand these
conditions.
Table 4:

Cross-tabulation of respondents who, in Question 18,
selected their preferred material (‘Compressed earth
bricks/adobe blocks’ [var=0] ‘Burned bricks/Cement
blocks’ [var=1]) compared to respondents who, in
Question 19, selected preferred qualities of a building
material (‘Strength/Safety/Durability’ [var=0] compared
to ‘Other reasons’ [var=1])
Question 19: Preferred qualities of a building material

Total

19.1%

6.3%

1.9%

27.3%

0.8%

0.2%

0.5%

1.5%

(150)

(49)

(15)

(214)

(5)

(1)

(3)

(9)

37.1%

33.9%

1.7%

72.7%

44.7%

52.7%

1.1%

98.5%

(291)

(266)

(13)

(570)

(272)

(321)

(7)

(600)

1.8%

1.8%

0.8%

0.8%

Total

Missing

Strength/
Safety/
Durability
[var=0]

Other
reasons
[var=1]

Missing

Total

Bricks/Face
bricks/Cement
bricks [var=1]

Missing

Compressed
earth bricks/
adobe blocks
[var=0]

Survey II
n=609

Other
reasons
[var=1]

Question 18: Preferred
materials

Strength/
Safety/
Durability
[var=0]

Survey I
n=784

(14)

(14)

(5)

(5)

58.0%

42.0%

100.0%

46.3%

53.7%

100.0%

(455)

(329)

(784)

(282)

(327)

(609)

Cross-tabulating two dichotomous variables, one for the preferred
materials and one for the preferred qualities of building materials
(Table 4), informs the question as to whether participants who selected
‘Burned bricks/Face bricks/Cement bricks’ as their preferred material
are more likely to choose ‘Strength/Safety/Durability’ as their preferred
quality. (It should be noted that the cross-tabulation implies more missing
values than reported on in Table 3, since the tabulation assumes a valid
response on both variables for it to be included in the cross-tabulation).
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As indicated in Table 4, the data do not support the fact that
participants are more likely to value ‘Strength/Safety/Durability’ if
they selected ‘Bricks/Face bricks/Cement blocks’ as their preferred
building material. Furthermore, despite reasons for preferred qualities
of a building material, participants are more likely to choose ‘Bricks/
Face bricks/Cement blocks’ during Survey II during/after rainstorms.
In other words, people may hold true to their reasons or report other
reasons for describing the ideal qualities of a building material, but
tend to associate those qualities more with burned brick and concrete
products during/after rainstorms rather than earth materials.
4.3.3

Perceived qualities of adobe blocks

The next analysis focuses specifically on the quality of traditional
unstabilised adobe blocks, because this could give more insight into
the low preference for adobe blocks reported on in Table 5. Adobe
blocks are sun-dried bricks shaped by hand or in a mould and left
to dry without applying compression with a press. Table 5 shows the
results for Question 20 where respondents were asked to rate how
they perceived the quality of adobe blocks on a five-point Likert
scale. The response items included were 1 to 5 where 1=Very poor,
2=Poor, 3=Neutral, 4=Good and 5=Very good.
Table 5:

Rated quality of adobe blocks
Bankhara

Botshabelo

Manokwane

Tsiame

Bodulong
Rated quality
%
of adobe/
%
%
%
%
%
%
%
CEB buildings Survey I Survey II Survey I Survey II Survey I Survey II Survey I Survey II
(n=231)

(n=137)

(n=390)

(n=155)

1 = Very poor

32.5
(75)

57.7
(79)

39.0
(152)

51.0
(79)

34.1
(31)

60.8
(90)

34.7
(25)

49.1
(83)

2 = Poor

44.6
(103)

35.0
(48)

41.5
(162)

41.3
(64)

58.2
(53)

31.8
(47)

45.8
(33)

41.4
(70)

3 = Neutral

10.0
(23)

0.7
(1)

7.9
(31)

1.3
(2)

3.3
(3)

2.7
(4)

12.5
(9)

1.8
(3)

4 = Good

7.8
(18)

5.1
(7)

6.9
(27)

2.6
(4)

3.3
(3)

3.4
(5)

6.9
(5)

6.5
(11)

5 = Very good

5.2
(12)

1.5
(2)

4.1
(16)

3.9
(6)

1.1
(1)

1.4
(2)

0
(0)

0.6
(1)

Missing

0
(0)

0
(0)

0.5
(2)

0
(0)

0
(0)

0
(0)

0
(0)

0.6
(1)

100
(231)

100
(137)

100
(231)

100
(155)

100
(91)

100
(148)

100
(72)

100
(169)

Total

(n=91)

(n=148)

(n=72)

(n=169)
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As Table 5 suggests, people consistently rate the quality of adobe
blocks as either ‘Poor’ or ‘Very poor’. More significantly, when
responses are viewed for Survey I and Survey II, the majority of people
rated the quality of adobe blocks ‘Poor’ during Survey I (Bankhara
Bodulong, 44.6%; Botshabelo, 41.5%; Manokwane, 58.2%; Tsiame,
45.8%) and ‘Very poor’ during Survey II (Bankhara Bodulong, 57.7%;
Botshabelo, 51.0%; Manokwane, 60.8%; Tsiame, 49.1%).
Question 19 asked respondents if they perceive any problems with
the use of adobe blocks for walls. See Table 6 for the results. During
Survey I, more than five sixths of respondents answered ‘Yes’ to the
question. A higher number of participants considered problems with
adobe blocks for walls during Survey II: an increase of 7% in Bankhara
Bodulong; 8.6% in Botshabelo; 10.2% in Manokwane, and 2% in Tsiame.
Table 6:
Problems
with
adobe
blocks/
CEB for
walls

Respondents report if they perceive problems with the
use of adobe blocks for walls
Bankhara
Bodulong

Botshabelo

Manokwane

Tsiame

%
%
%
%
%
%
%
%
Survey I Survey II Survey I Survey II Survey I Survey II Survey I Survey II
(n=231) (n=137) (n=390) (n=155) (n=91) (n=148) (n=72) (n=169)

Yes

85.7
(198)

92.7
(127)

84.9
(311)

93.5
(145)

85.7
(78)

95.9
(142)

90.3
(65)

92.3
(156)

No

13.9
(32)

7.3
(10)

14.6
(57)

5.2
(8)

14.3
(13)

4.1
(6)

9.7
(7)

6.5
(11)

Missing

0.4
(1)

0
(0)

0.5
(2)

1.3
(2)

0
(0)

0
(0)

0
(0)

1.2
(2)

100
(231)

100
(137)

100
(231)

100
(155)

100
(91)

100
(148)

100
(72)

100
(169)

Total

Another survey question was analysed to support the findings
presented above and provides a possible link between perceptions
of the acceptability of building materials (in general) and earth
construction. An open-ended question asked respondents to name
the most important problem related to the use of adobe blocks. Their
responses were coded into several categories for analysis: ‘Collapse’;
‘Cracks’; ‘Maintenance’; ‘Climate/Rain’; ‘Not safe/Strong’, and
‘Other’. Question 22 elaborated on participants’ perceived qualities
of these building materials and the results for Survey I and Survey II
were broken down into areas (see Table 7).
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Table 7:
Problematic
qualities
of building
material

Respondents’ reports of problems with adobe blocks
Bankhara
Bodulong

Botshabelo

Manokwane

Tsiame

%
Survey I
(n=231)

%
Survey II
(n=137)

%
Survey I
(n=390)

%
Survey II
(n=155)

%
Survey I
(n=91)

%
Survey II
(n=148)

%
Survey I
(n=72)

%
Survey II
(n=169)

Collapse

31.9
(103)

27.0
(37)

31.2
(186)

18.7
(29)

16.9
(38)

18.9
(28)

22.9
(39)

23.1
(39)

Cracks

14.2
(46)

2.9
(4)

10.2
(61)

1.9
(3)

8.9
(20)

2.7
(4)

5.9
(10)

1.2
(2)

Maintenance

4.3
(14)

3.6
(5)

10.2
(61)

4.5
(7)

4.0
(9)

3.4
(5)

7.1
(12)

3.6
(6)

Climate/Rain

21.1
(68)

41.6
(57)

22.3
(133)

63.9
(99)

19.1
(43)

61.5
(91)

14.1
(24)

59.8
(101)

Not safe/Not
strong

5.3
(17)

9.5
(13)

8.4
(50)

4.5
(7)

3.6
(8)

8.1
(12)

3.5
(6)

2.4
(4)

Other

13.3
(43)

8.0
(11)

7.7
(46)

1.3
(2)

41.8
(94)

1.4
(2)

42.4
(72)

2.4
(4)

Missing

9.9
(32)

7.3
(10)

9.9
(59)

5.2
(8)

5.8
(13)

4.1
(6)

4.1
(7)

7.7
(13)

Total

100
(231)

100
(137)

100
(390)

100
(155)

100
(91)

100
(148)

100
(72)

100
(169)

During Survey I, participants were mostly concerned with structural
‘Collapse’ due to the qualities of the building material: Bankhara
Bodulong, 31.9%; Botshabelo, 31.2%; Manokwane, 16.9%, and Tsiame,
22.9%. However, during Survey II, participants became much more
concerned with issues of ‘Climate/Rain’: Bankhara Bodulong, 41.6%;
Botshabelo, 63.9%; Manokwane, 61.5%, and Tsiame, 59.8%.

5.

Discussion

This investigation examined differences in people’s perceptions for
earth construction and other building materials for walls between the
dry period in 2004 (Survey I) and the wet period in 2006 (Survey II).
First, participants were asked to select their preferred building
material out of all other available building materials: burned bricks/
face bricks, cement blocks, adobe blocks, and compressed earth
blocks. Findings suggest that burned brick/face brick are participants’
favourite building materials, whereas compressed earth brick (CEB) is
also considered during the dry season (see Table 2). Of the Survey I
respondents, 24.4% selected compressed earth bricks. After rain,
however, people considered materials other than earth construction
for their preferred construction materials: cement brick at 59.6%
and burned brick at 38.1% were preferred to compressed earth at
0.2% and adobe blocks at 1.6%. Nearly a quarter of the participants
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selected compressed earth bricks as their preferred building material
during Survey I, when between slightly over a third1 to just over half2
of the participants experienced problems with adobe and CEB
due to ‘Collapse’ and ‘Climate/Rain’ (see Table 7). However, when
the participants identified problems of ‘Collapse’ and ‘Climate/
Rain’ after Survey II rainstorms (68.6% for Bankhara Bodulong, 82.6%
for Batshabelo, 80.4% for Manokwane, and 82.9% for Tsiame), their
preference for adobe blocks and CEB was significantly reduced. The
significantly lower responses for earth construction during Survey II
support the notion that factors such as higher rainfall and storms may
affect people’s perceptions of earth construction.
The two most preferred qualities of building materials that
respondents mentioned during the two Surveys are ‘Aesthetics’
and ‘Strength/Safety/Durability’ (see Table 3). During Survey I (lower
rainfall), ‘Aesthetics’ was the most important consideration of a
building material and chosen on average nearly 42.0% of the time.
‘Strength/Safety/Durability’ was selected on average 39.0% of the
time. During Survey II (higher rainfall), the percentage of respondents
who considered ‘Aesthetics’ dropped to an average of 17.4%
across the four areas. For most of the areas, a slight increase in the
percentage of people reporting ‘Strength/Safety/Durability’ as an
important factor of building materials can be observed between
Survey I and Survey II, especially in Manokwane. Respondent reports
between the two Surveys in Manokwane show the highest increase
in the importance of ‘Strength/Safety/Durability’. There is an increase
from 36.3% in June 2004 (winter) to 52.0% in April 2006 (summer),
suggesting that over half of the respondents considered ‘Strength/
Safety/Durability’ as the most important quality of a building material.
This suggests that people in Manokwane became more aware of
problems related to ‘Strength/Safety/Durability’ (often associated
with earth construction).
It is interesting to note that the average rainfall before and during
the Surveys does not support this observation. In fact, the area had
the lowest average rainfall during this season compared to the
other study areas. However, the severity of rainfall and storms in the
area should also be considered. Several sources describe severe
flooding in Manokwane in 2006. The Mail & Guardian reports that
1 500 houses and numerous bridges and roads were damaged and
1

Table 7 – Survey I: ‘Collapse’ and ‘Climate/Rain’ combined: Manokwane, 36.0%;
Tsiame, 37.0%.

2

Table 7 – Survey I: ‘Collapse’ and ‘Climate/Rain’ combined: Bankhara Bodulong,
53.0%; Botshabelo, 53.5%.
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washed away between February and April 2006 due to flooding in
the area (Staff Reporter, Mail & Guardian, 2006: online). The impact
of flooding was so severe that the National Disaster Management
Centre declared the area a disaster zone in their Inaugural Annual
Report (South Africa. Provincial and Local Government, 2007). It
is likely that this extraordinary climatic occurrence impacted on
participants’ perceptions in favour of qualities of ‘Strength/Safety/
Durability’. Where houses are located (e.g., floodplains, wetlands,
or close to rivers) may also affect how people experience storms
and flooding and their perceptions of how strong, durable and safe
their houses are. The increase in the preferred quality of ‘Strength/
Safety/Durability’ in the other three areas may be marginal, but it is
evident that this quality of building materials remains an important
consideration in the context of seasonal and climatic changes.
It is noteworthy to consider differences in other preferred qualities
of building materials between Survey I and Survey II. The data
presented in Table 3 suggest that ‘Temperature/Comfort/Climate’,
‘Less problems/Lower maintenance’ and ‘Other reasons’ also play
an important role in people’s perceptions in some areas. For instance,
it is likely that other climatic factors also played a role. In Bankhara
Bodulong, people’s consideration for ‘Aesthetics’ decreased by
30.5%, while their preference for ‘Strength/Safety/Durability’ shows
a negligible decrease of 1.4%. With an increase of 8.9% between
Survey I and Survey II (from 3.5% to 12.4%) in preferences for materials
associated with ‘Temperature/Comfort/Climate’, it is likely that the
summer’s high temperatures also affected people’s perceptions. In
2004, the summer average daytime temperature in the area was
32.6°C, significantly higher than that in the other areas. Average winter
temperatures also seem to affect people’s perceptions. In Tsiame,
the average maximum daytime temperature during the 2004 winter
was 14.7°C, making Tsiame the coldest area compared to the others.
Of the Survey I respondents, 13.9% chose ‘Temperature/Comfort/
Climate’ as their most important factor during the winter Survey I,
compared to 4.1% of respondents during the summer Survey II.
This is a decrease of nearly 10% fewer respondents reporting on
‘Temperature/Comfort/Climate’ in the summer (Survey II), compared
to their initial reporting in the winter (Survey I). These examples provide
some suggestions for linking climatic conditions with perceptions;
however, the available data collected for this study cannot fully
determine these patterns and relationships. This could be a topic for
further research.
The analysis in Table 4 attempted to determine whether people
are more likely to choose ‘Bricks/Face brick/Cement blocks’ if they
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value ‘Strength/Safety/Durability’ as a preferred quality. The findings
suggest that this is not the case. No consistent pattern between
the Survey I or Survey II data could be identified. More interestingly,
although participants were more likely to select ‘Bricks/Face bricks/
Cement blocks’ during/after rainstorms in Survey II, their reasons do
not seem to favour ‘Strength/Safety/Durability’ at 44.7%, compared
to ‘Other reasons’ at 52.7%. This may suggest that people articulate
their discomfort with earth construction in many ways, possibly
indirectly describing issues of strength or climate captured under
‘Other’. As suggested earlier, people may describe experiences
and situations that point to the impact of rainfall and that building
materials should withstand these conditions. Whatever the case, it
appears that people shy away from earth construction and revert
to their preferred choice of ‘Brick/Face brick/Cement blocks’ when
the quality of building materials is called into question. In other words,
as Gibson’s theory suggests, people attribute latent qualities to types
of materials based on their perceptions of these types, irrespective
of whether they understand the true properties of different material
options belonging to a certain type (e.g., earth construction, burned
bricks, etc.).
When asked to rate the quality of adobe blocks, the majority of the
respondents described the material as either ‘Poor’ or ‘Very poor’.
Differences can be observed in how people rate the quality of
adobe between Survey I and Survey II. During Survey I, the majority of
respondents rated the quality as ‘Poor’, whereas higher percentages
of respondents across the four areas rated the quality as ‘Very poor’
during Survey II (see Table 5). This is not surprising, considering that
over five sixths of Survey I respondents said ‘Yes’ when asked if there
are problems with adobe blocks for walls. Over 90% of participants
during Survey II agreed on this point.
Table 7 indicates that ‘Collapse’ and ‘Climate/Rain’ are the most
important perceived problems associated with adobe blocks. During
Survey I and Survey II, respondents found ‘Collapse’ an important
factor across all the areas. Significant increases across all areas are
observed for ‘Climate/Rain’; in some instances, more than double
and triple the number of participants became concerned with this
problem during Survey II. The data suggest that they perceive adobe
blocks generally to be structurally inferior by referring to ‘Collapse’ in
Survey I. However, during the wetter season (Survey II), their favourite
explanation for the main problem associated with adobe blocks
is ‘Climate/Rain’. Again, it is likely that this observable difference
between Survey I and Survey II is due to the occurrence of heavy
rainfall, because traditional adobe is influenced by the presence
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of water and/or moisture. Structural failure occurs due to a loss of
compressive strength that results from a weakening of the connections
between the soil particles. The presence of a stabilizer (natural or
chemical), the lack of a structural soil component (gravel, sand, silt
or clay), and the mechanical process of stabilisation (compaction),
as in the case of compressed earth bricks, all influence the structural
integrity of adobe (Houben & Guillaud, 1994). The findings presented in
Table 7 suggest that it is likely that people perceive earth-construction
materials, in particular, as a less desirable building solution, especially
during periods of higher rainfall and storms.

6.

Conclusion and recommendations

These findings cannot claim any direct links between preferred
building materials, preferred qualities of building materials, and
reasons for disliking an earth product such as adobe blocks. However,
a pattern does seem to emerge. It appears that, although earth as a
building material has some wide application in home building, likely
due to need or limited resources, it is not a preferred material if poorer
people are presented with alternatives.
This research reflects on the effects of some climatic conditions
on perceptions of earth construction as a building material.
Specifically, the focus is on how changes in rainfall patterns and
other climatic factors are associated with the acceptability of
indigenous earth construction. The study presents evidence that
higher rainfall seems to negatively affect people’s choice of
earth construction as an appropriate building method. People
also indicated that their preferred qualities of building materials
are ‘Aesthetics’ and ‘Strength/Safety/Durability’. However, after
significant rainfall 22 months later, aesthetic considerations seem
to dwindle and climate-related considerations (‘Strength/Safety/
Surability’,
‘Temperature/Comfort/Climate’,
‘Less
problems/
Lower maintenance’, and ‘Other’) became more important.
Another observation suggests that it is not necessarily the amount of
rainfall that shapes perceptions, but the unexpectedness of rainfall
in the form of flash floods, cloud bursts, or sudden climatic events.
Unusually high or low temperatures in an area also seem to alter
perceptions, where the climatic conditions are more likely to create
discomfort (either hot or cold), make people more aware of the
much-needed insulative properties of building materials. These finer
nuances of the effects of specific climatic variability on perceptions
require further research. When asked about adobe blocks, in
particular, people generally rated the quality of these blocks as
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‘Poor’ and ‘Very poor’, but more so after rain. People considered the
collapse of adobe blocks a significant problem, followed by climate
and rain. However, concerns about climate and rain exceeded
concerns about collapse when considering earth building materials
after rainstorms.
At the time when the two Surveys were conducted, natural
occurrences such as rainfall were not considered to be important
factors in affecting people’s perceptions of building materials.
However, these findings suggest that environmental factors such as
rainfall and other climatic conditions should be considered in how
earth construction is understood. Apart from the role that rainfall seems
to play in people’s perceptions of the suitability of earth construction,
we may also need to pay more attention to how perceptions differ
by geographic location as a result of climatic conditions. In order
to improve people’s perceptions of earth building techniques
and materials, areas with high year-round rainfall may need more
training programmes about the benefits of earth construction than
arid regions, if we were to ever change prevailing perceptions of
earth building materials. On the other hand, people living in areas
with consistent levels of rainfall may be less concerned about the
structural soundness of earth buildings than those living in drier areas
that experience unexpected storms and flash floods. Whatever the
case may be, interventions targeted at both the needs of specific
communities and the regional climatic conditions are needed for the
successful preservation and promotion of earth buildings.
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