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Who is the key decision maker in the structural frame selection process?
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ABSTRACT: Selecting the correct structural frame is crucial to a project’s feasibility and success, but this
decision can have profound implications for the future performance of a building project. In practice, the
eventual choice of a frame may involve various parties including client, project manager, cost consultant,
structural engineer, architect, main contractor, etc. This paper presents research findings on the levels of in-
fluence of these project team members on the structural frame selection process. It describes the results of a
two-year study in which various research methods were undertaken including a state-of-the-art literature re-
view, semi-structured interviews and a postal questionnaire survey. The interviews showed that cost consult-
ants, project managers and clients were found to be the most influential people in the structural frame deci-
sion-making process, so a postal questionnaire survey was sent to a sample of UK companies operating in
these areas to further examine their priorities and views in detail. The data collected was subsequently ana-
lyzed and produced a rank ordering of project team members in relation to the influence they have on the
choice of frame type at each stage of design process. In fact, they agreed that the structural engineer was the
most influential decision-maker in the structural frame selection process. So, this paper asks the question
‘who really is the key decision maker?” The conclusions will be of interest to all those concerned with project

teams, structural frame design and selection and effective leadership in decision making.
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1 INTRODUCTION

The framed structure market cuts across several tra-
ditionally defined sectors such as residential, educa-
tion, commercial, health, retail, leisure etc. The UK
has a tradition of in-situ concrete construction and in
the past in-situ concrete frame construction domi-
nated the frame market. Over the past 20 years con-
crete has lost significant market share to structural
steel in the framed structure market (BRE, 2005).
However, concrete’s range of structural frame solu-
tions, its thermal efficiency, inherent fire resistance,
acoustic and vibration performance, durability and
low maintenance ensure that it performs well in a
number of UK markets such as commercial and res-
idential buildings (TCC, 2005). Nevertheless, the
concrete market has remained steady over the past
18 months, with the exception of reinforcement
prices, which are still volatile (Bibby, 2006).
Selecting the correct structural frame is crucial to
a project’s feasibility and success but this decision
on the structural frame type can have profound im-

plications for the future performance of a building
project (Soetanto et al, 2006a). Furthermore, the
project stakeholders’ requirements should be cap-
tured and taken into consideration so as to ensure apt
decisions in the design stage (Soetanto et al, 2006b).
Therefore, we tend to make an assumption that the
choice of an appropriate structural system during the
design stage will lead to a successful project out-
come. It is therefore essential to recognize the deci-
sion makers in the structural frame selection process.
In practice, the eventual choice of a frame may in-
volve various parties including client, project man-
ager, cost consultant, structural engineer, architect,
main contractor, etc. So who is the key person to in-
fluence what structural frame type is used, and any
changes to the design of building project.

This paper describes the results of a two-year
study in which various research methods were used
including a state-of-the-art literature review, semi-
structured interviews and a postal questionnaire sur-
vey. As a result of these interviews, cost consultants,
project managers and clients were found to be the



most influential people. A postal questionnaire,
aimed at these three disciplines, to address the influ-
ence of project team members upon choosing appro-
priate frame type for building projects. The results
were analysed using Statistical Package for the So-
cial Sciences (SPSS), and through frequency analy-
sis, confirmed that all project members, perceived by
these respondents to the survey, have a great deal of
influence in the choice of frame type. The severity
index has been further used to rank the project team
members (decision makers) for the degree of influ-
ence they have in the structural frame selection pro-
cess. Lastly, Spearman’s rho (p) analysis has been
calculated to establish a measure of agreement be-
tween cost consultants, project managers and clients
in the rankings of these decision makers at each
stage of design process. The study presents findings
of a questionnaire survey to establish a ranking of
the decision makers (or project team members) at
each stage of the design process and to investigate
the degree of agreement among cost consultants,
project managers, and clients with regards to the
rankings. The aim is to provide a view of the differ-
ent professions, decision makers involved in choos-
ing the structural frame at each key step of the de-
sign process.

2 PROJECT TEAM MEMBERS

Although the precise contractual obligations of the
project participants vary with the procurement op-
tion adopted, the project participants must carry out
certain essential fundamental functions. The project
team consists mainly of client, architect, project
manager, structural engineer, cost consultant and
main (principal) contractor (CIOB, 2002). Each
member of the project team is described below:

Client: A client is a person or organisation paying
for the services and can be represented by others,
such as clients’ representative, employer’s agent,
project manager, etc. Their chief interest would be to
satisfy themselves that the contractor(s) were per-
forming in accordance with the contract and to make
sure they are meeting their obligations to pay all
monies certified for payments to the consultants and
the contractor(s) (CIOB, 2002).

Architect and Structural Engineer: The architect
is in charge of the architectural issues, whereas the
engineer is concerned with more technical issues.
The design should be developed with the involve-
ment of both sides: architect and engineer. There are
different driving forces: technical for the engineer
whose main aim is to make things “work™ without
compromising the architects’ concept. The architect
deals with the appearance of the structure which

needs to be true to the concept and fit the context

and use (Larsen and Tyas, 2003).

Project manager: Construction and development
projects involve the coordinated actions of many dif-
ferent professionals and specialists to achieve de-
fined objectives. The task of project management is
to bring the professionals and specialists into the
project team at the right time to enable them to make
their possible contribution, efficiently. Effective
management requires a project manager to add sig-
nificant and specific value to the process of deliver-
ing the project. The value added to the project by
project management is unique: no other process or
method can add similar value, either qualitatively or
quantitatively. The project manager in the main has
a role which is principally that of monitoring the
performance of the main contractor and the progress
of the works (CIOB, 2002).

Cost Consultant (quantity surveyor): The cost
consultant has responsibility to advise on building
cost and estimating, which can have two distinct
roles (Morrison, 1984):

— Part of the design team for cost advice but not
management of budget.

— Appointed separately by the client as a cost con-
sultant.

Main contractor: The principal management con-
tractor has a duty to (CIOB, 2002):

— Mobilize all labour, subcontractors, materials,
equipment and plant in order to execute the con-
struction works in accordance with the contract
documents.

— Ensure the works are carried out in a safe manner

— Indemnifying those working on site and members
of the public against the consequences of any in-
jury resulting from the works.

The extent to which the above-mentioned roles
are likely to influence the choice of frame type for a
building project depends on various matters such as
the procurement route adopted, existing attitudes
within the organisations involved, type of the build-
ing project, project value etc. Nevertheless, a study
by Haroglu er al. (2008) identified several issues
perceived to be the most important to the structural
frame decision-making process and established an
agreement between cost consultants, project manag-
ers and clients over the significance of these issues
influencing the choice of a frame type for a building
project. Therefore, it is also important to appreciate
the common approach adopted by the members of a
typical building project to the structural frame selec-
tion process. As a result, this paper examines project
team members’ influence on the choice of frame
type at each stage of the design process.



3 DATA COLLECTION

Although a few research studies have been carried
out in this field, a state-of-the-art literature review
was first completed in order to understand the pro-
cess in which the structural frame is normally select-
ed as well as identifying the decision makers in this
process. Semi-structured interviews were then con-
ducted with structural engineers to determine the
most influential people in the structural frame selec-
tion process with the intention of capturing their
perceptions in the postal questionnaire survey.

The work stages of the RIBA Plan of Work
(2007) are used in this research as the stages are
well-known and widely recognized throughout the
UK construction industry. We can therefore
acknowledge that the design stage consists of three
parts: Stage C (Concept), Stage D (Design Devel-
opment) and Stage E (Technical Design).

3.1 Semi-structured interviews

Nine interviews were arranged with structural engi-
neers in selected consultancies to retrieve infor-
mation about structural frame options and by whom
they are evaluated. The core topics discussed during
these interviews included: the frame types applied in
their projects, influential people in selecting the
frame type, and the rationale behind the preferred
frame type of their current project. Consequently,
cost consultants, project managers and clients were
found to be the most influential people in the struc-
tural frame decision-making process. These inter-
views were carried out in total over a two-month pe-
riod at the interviewees’ work places, each lasting
approximately 30 minutes. Each interview was tape
recorded and subsequently transcribed verbatim and
analysed.

3.2 Questionnaire survey

As a result of the interviews, cost consultants, pro-
ject managers and clients were surveyed in an at-
tempt to better understand their views of the relative
influence of each project team member on the choice
of frame type. The respondents were asked to rate
the influence of the project team members on a 4-
point Likert scale ranging from 0 for "lowest level’
to 3 for "highest level” as by using an odd number of
response points, respondents may be tempted to
‘opt-out’ of answering by selecting the mid-point
(Fellows and Liu, 2003). Having developed the
questionnaire, a pilot study was carried out with a
sample of nine people from both industry and aca-
demia to see how they understand the questions and
the response options. Having made a few alterations
to the questionnaire as a result of the pilot study, the
questionnaire survey was distributed amongst cost
consultants, project managers and construction cli-

ents to establish the significance and ranking order
of the project team members.

The individual respondents were selected ran-
domly from a database of professional companies
held by The Concrete Centre (TCC), irrespective of
the size of the company. As shown below in Table 1,
239 postal questionnaires were sent to selected
names, working for cost managers, project managers
and client bodies, in the public and private sectors.
As a result, 70 questionnaires were received in total,
giving an overall response rate of 29.29% which is
considered sufficient enough to meet the research re-
liability level compared with the norm of 20-30%
with regard to questionnaire surveys in the construc-
tion industry (Akintoye and Fitzgerald, 2000). Of the
responses received, 20 were from cost consultants,
25 from project managers and 25 from clients (Table
2).

Table 1. Questionnaire distribution and response rate

Number of

Questionnaires
Respondent Distributed Returned Res%onse
group rate %
Cost Consultant 86 20 23.26
Project Manager 74 25 33.78
Client 79 25 31.65
Total 239 70 29.29

The respondents were also asked about their in-
fluence over the choice of frame type for a building
project in order to appreciate the value of each indi-
vidual’s response to this survey. Below Figure 1
shows that 44% of the respondents had a great deal
of influence over the choice of frame type for a
building project whereas only 9% had none, which
suggests that the respondents were generally influen-
tial in the structural frame selection, and possessed
an immense understanding in the structural frame se-
lection process.

None
A little 9%
16% A lot
44%

Some
31%

Figure 1. The influence of the respondents on the choice of
frame type



The results confirmed that all of the project team
members included in the survey were considered to
be influential, proving the validity of the decision
makers of a typical building project as a basis for
consideration in the choice of frame type. Because
of this, and the considerable degree of influence the
respondents have on the choice of frame type, the re-
turned sample was considered to be representative of
the actual decision-making population. The next sec-
tion illustrates some of the results in detail.

4 ANALYSIS AND RESULTS

The questionnaire was designed to provide predomi-
nantly descriptive data. An ordinal scale was used to
rank the responses in this survey that there was no
indication of distance between scaled points or
commonality of scale perceptions in the Likert scale
by respondents. It essentially provided a hierarchical
ordering. Therefore, non-parametric tests were used
in the analysis because non-parametric statistical
tests are available to treat data which is inherently in
ranks (Siegel and Castellan, 1956; Johnson and
Bhattacharyya, 1996); the analysis was then carried
out on the ranks rather than the actual data. The non-
parametric procedures adopted for this study were
frequency, severity index analysis, and Spearman’s
rho (p) test.

First of all, frequency analysis was applied to ex-
amine the degree of influence for each project team
member. The severity index was used to rank the
project team members for the degree of influence.
The results of the frequency analysis and the ranking
(severity index) have been based on analyses of all
the completed responses. Individuals within these
three disciplines were asked to provide information
based on their own experiences from one of their
projects that had recently started on site. However,
these experiences were gained from distinct disci-
plines at each part of design stage, so it was essential
to conduct a comparative analysis to distinguish be-
tween their responses. Since the variables are at the
ordinal level, there are two prominent methods for
examining the relationship between pairs of ordinal
variables namely, Spearman’s rho (p) (or Spearman
rank correlation rs) and Kendall’s tau (t) — the for-
mer being more common in reports of research find-
ings (Brymer and Cramer, 2005). Kendall’s tau usu-
ally produces slightly smaller correlations, but since
Spearman’s tho is more commonly used by re-
searchers, it was decided to be applied in this case.
The Spearman’s rho correlation coefficient is pro-
duced by using the rank of scores rather than the ac-
tual raw data (Brymer and Cramer, 2005; Hinton e?
al., 2004; Kinnear and Gray, 2006). The Statistical
Package for the Social Sciences (S.P.S.S.) was used
to compute and run these statistical analyses.

4.1 Ranking the project team members: frequency
and severity index analysis

This stage of the statistical analysis ranked the pro-
ject team members in order of influence for each
part of design process. In this case, frequency analy-
sis was first carried out to obtain the frequency of
the respondents, using the Statistical Package for the
Social Sciences (S.P.S.S.). The frequencies of re-
sponses were therefore used to calculate severity in-
dices for each project team member via Equation 1
(Ballal, 2000):

SI :[Za)i*fi] *100% /n (1)

i=1

Where: S.I. = severity index; fi = frequency of re-
sponses; wi = weight for each rating; n = total num-
ber of responses

Since the 4-point Likert scale ranging from 0 for
"lowest level” to 3 for “highest level’, was used for
the survey in order for the respondents not to be
tempted to ‘opt-out’ of answering by selecting the
mid-point, the weight assigned to each rating and is
calculated by the following Equation 2 (Ballal,
2000):

i = (Rating in scale) / (number of points in a scale) (2)

Therefore, w0 =0/4=0, w1l =1/ 4 = 0.25;
@2 = No mid-point in the scale; @3 =3 /4 =0.75;
w4=4/4=1

Example: An example of the calculation for the se-
verity index is given below:

Influence of "Architect" at the Stage D:

Of lit-

Not Quite Extremely Total
imp=0 Fle imp=2  imp=3 (n)
imp=1
Frequencies 0 11 30 24 65

(fi)

S.L = ((0%0+11*0.25+30%0.75+24*1)/65)*100 = 75.77%

The project team members were then ranked in
order of value of severity index, the highest value
having a rank of 1, and the lowest value assigned a
rank of 6. Tables 2, 3 and 4 present the project team
members ranked in terms of influence for each stage
of the design process. In addition to that, Figure 2



displays the respondents’ view of the degree of in-
fluence of the project team members on the choice
of frame type during the design process.

Table 2. Issues ranked in Concept Design

Concept (Stage C of RIBA)

Frequency of re-

Figure 2 shows the opinions of the respondents of
the level of influence that the project team members
have on the choice of frame type at the three stages
of design process. ‘Structural Engineer’ appeared to
be the most influential at all stages. Note the increas-
ing influence of the ‘Structural Engineer’ and espe-

groje“ sponses for score  No. of Isegerity spss cially the ‘Main Contractor’, with the influence of
cam of naex .
Members responses o, Rank  the other members decreasing.
1 2 3
100 1 —4— Client
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Engineer —8—Project Manager
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Table 3. Issues ranked in Design Development 10
Design Development (Stage D of RIBA) Stage C Stage D Stage E
. Frequency of re- . Figure 2. Respondents’ view of the influence of the project
Project sponses for score  No. of Severity ¢pgg  team members at all design stages
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team members, as shown in Tables 5, 6 and 7. Addi-
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Table 4. Issues ranked in Technical Design the result§ O'f the analyses for the readers of this pa-
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Figure 3. The views of the three sets of respondents on the de-

Stage D (Design Development) | === Cost Consultant

Zj A
2 X
= \§

50
Structural Architect Main
Engineer Contractor

Project Manager|

Client

T T
Client Project Cost
Manager Consultant

Figure 4. The views of the three sets of respondents on the de-
gree of influence the project team members have at stage D

Table 7. Comparison of severity index and ranking for each
group at Technical Design
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Figure 5. The views of the three sets of respondents on the de-
gree of influence the project team members have at stage E

As a result of this, Spearman’s rho (p) (or Spear-
man rank correlation rs) test was computed using the
Statistical Package for the Social Sciences
(S.P.S.S.). The three groups are compared statistical-
ly by applying Spearman Rho test. Table 8 presents



all of the Spearman Rho correlations computed, us-
ing SPSS, as shown below.

Table 8. Spearman's Rho (r) test results between the rankings
of three groups

Correlations
Design Stag-  Cost Con- )
es of RIBA sultant vs. Cost Con- Project
Project sultant vs. Manager
Manager Client vs. Client
Correlation Coefficient
Stage C 0.794 0.812%* 0.986**
Stage D 0.943** 0.829%* 0.657
Stage E 0.600 0.600 0.886*

Note: ** | * denotes 'strong' with p < 0.01 and 'some' with p <
0.05 statistical evidence of significant similarities

The level of significance was set by SPSS both at
0.05 and 0.01 levels, which indicated the degree of
relationship amongst the three rankings. p < 0.05
means that there is less than a 5 per cent chance that
there is no relationship between the two rankings,
whereas p < 0.01 means that there is less than a 1
percent chance, and can be accepted at the 99% con-
fidence level (Bryman and Cramer, 2005; Fellows
and Liu, 2003; Field, 2000). From Table 8, most of
the correlations written with asterisks did achieve
statistical significance at either p < 0.05 or p < 0.01
which confirmed that there are strong relationships
amongst the rankings of three groups, assuring that
agreements amongst the three rankings was much
higher than it would occur by chance. As a result, it
may be concluded that the rankings obtained from
the three groups, as given by the severity index
analysis, was consensual amongst the respondents.

5 FINDINGS AND DISCUSSION

With regard to the results of frequency and severity
index analyses, all of the project team members were
ranked by the respondents to the survey in order of
influence they have at each stage of the design pro-
cess. The Spearman’s rho test was then applied to
establish the consensus between the three sets of re-
spondents in relation to the rankings of the project
team members at each stage.

As the design develops, note the increasing influ-
ence of the structural engineer and especially the
contractor, with the influence of the other members
decreasing, as shown in Figure 2. It is evident that
‘Structural Engineers’ influence was perceived to be
far more than the other project team members at all
times during the design process. However, the struc-
tural engineers interviewed indicated that they were
not the most influential party in the choice of frame
type, citing cost consultants, project managers and
clients as more influential. This may be because
structural engineers are not aware of their influence,
or because they do not want to pronounce that they

are powerful in the structural frame selection pro-
cess. On the other hand, ‘Clients’ were perceived to
be unexpectedly the least influential decision-maker
for the duration of design process in general. ‘Archi-
tect’” and ‘Cost Consultant’ were perceived to be
very influential during stages C and D when the
structural frame of a building project is generally se-
lected (Ballal and Sher, 2003). In addition, regarding
the magnitude of the severity indices, there appears
to be a relatively large gap separating the ‘Structural
Engineer’, ‘Architect’ and ‘Cost Consultant’ as the
top three decision makers from the rest at the stages
C and D, as shown in Tables 2 and 3. ‘Project Man-
ager’s influence is highest at stage D where it was
ranked the fourth by the respondents which indicates
that ‘Project Manager’ is not considered with the
same degree of influence as are ‘Structural Engi-
neer’, ‘Architect’ and ‘Cost Consultant’. In addition,
‘Main Contractors’ influence rises to be number two
at stage E. However, it may well be too late for the
main contractor to influence the choice of frame
type at this stage.

From the results of the Spearman’s rho (p) test,
there appeared to be a significant agreement in the
rankings of project team members amongst the three
groups and the degree of agreement was higher than
would have occurred by chance, as shown in Table
8. The degree of agreement amongst the three
groups is higher at stages C and D than it is at stage
E as regards the correlations written with asterisks in
Table 8. ‘Structural Engineer’ is generally agreed
upon to be the most influential decision-maker in the
selection of a frame type. Although the cost consult-
ants, project managers and client were in good
agreement with each other in relation to the degree
of influence of the decision makers (or project team
members), they differ in some places, particularly
the degree of influence of ‘Main Contractor’ at stag-
es D and E. ‘Main Contractor’ was considered to be
very influential by clients in the structural frame se-
lection process at stages D and E, whereas cost con-
sultants and project managers did not consider ‘Main
Contractor’ very influential at stage D (it was ranked
the least influential decision-maker by project man-
agers). A possible reason for this is that contractor
involvement in a building project at stage D is per-
ceived to be higher or more effective by clients than
it is in reality. In addition, not surprisingly whilst
‘Cost Consultant’ was considered to be the second
most influential at stage E by cost consultants, it was
ranked by project managers and clients to be the
fifth and fourth respectively.

As in any research based on a questionnaire sur-
vey, this study is subject to some biases and limita-
tions. Firstly, with regard to the use of The Concrete
Centre’s database; although it may not necessarily
represent the whole UK construction industry, it is
large (25,000 names), up to date and nationwide.
Secondly, since the postal questionnaire was sent



through the post from The Concrete Centre to the re-
spondent, it may have been presumed that the main
thrust of this survey was about concrete frames ra-
ther than structural frames in general.

None-the-less, it can be said that the ranking of
the six decision makers obtained from the respond-
ents to the survey are representative of the views of
the UK construction industry in relation to the struc-
tural frame selection process. Since selecting the
correct structural frame is crucial to a project’s fea-
sibility and success, the assumption made earlier on
in this paper was that the choice of an appropriate
structural system will lead to a successful project
outcome. The rank ordering at each stage of design
process can therefore be of much interest to all those
concerned with project teams, structural frame de-
sign and selection and effective leadership in deci-
sion making. Above all, the findings can give useful
insights into the frame industry. For instance, it is
evident that ‘Main Contractor’ appeared to have a
significant input at both stages D and E which means
that contractors should be a major audience in the
frame market.

6 CONCLUSION

The decision on the choice of frame has significant
short- and long-term implications for the building’s
function and its client’s needs (Soetanto et al.,
2007). Having undertaken a literature review and
semi-structured interviews, cost consultants, project
managers and clients were found to be the most in-
fluential decision makers in the selection of structur-
al frame process. So this study asked these people
the question ‘who really was the key decision mak-
er?’ through a postal questionnaire survey. The re-
spondents to the survey were requested to base their
answers on one of their projects that had recently
started on site. So, as project participants moved
through the design stages, their influence was evalu-
ated by the respondents. A total of 70 detailed re-
sponses were received and analyzed, providing a
number of useful insights into the view of profes-
sionals about the decision makers in the structural
frame selection process.

As a result of the questionnaire survey, the struc-
tural engineer was evidently found to be the most in-
fluential decision-maker in the choice of frame at
each stage of design process. This is an outstanding
contrast to the results of semi-structured interviews
carried out with the structural engineers earlier on in
this research. Further research in this field might ex-
amine how the key decision makers in the choice of
frame for a building project vary by sector, project
value, type of procurement route, etc. Furthermore,
it was found that the contractor’s influence is partic-
ularly high, as perceived by the respondents, at stag-
es D and E which indicates that contractors could

make quite an impact on the choice of frame type for
a building project.

In conclusion there were some areas of disagree-
ment amongst the three sets of respondents, such as
the main contractor. This warrants specific research
in this field. It is not known yet whether the main
contractor could exert influence to change the frame
type or any specifications of a building project after
being involved. Hence there confirms to be a gap in
knowledge about who the key decision maker is and
while this paper has offered some key insights, the
role of the contractor now appears to be next area of
focus for research, particularly if we are seeking a
clear model for how this area of decision making
works in practice.
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