
11 

l-ltj~f/ASHRAE JOINT NATIONAL CONFERENCE 1996 
AIVC 

#10299 

AN INITIAL ATTEMPT TO DETERMINE THE IMPACT OF PASSIVE DESIGN TECHNOLOGIES 
ON THE CONSTRUCTION OF BUILDINGS. 

D.R. Moore'!), R. Seden<l), C.B. Beggs<2l, 
(1) De Montfort University Leicester. (2) University of Leeds. 

Interest in the UK regarding the design of passively ventilated and cooled 
buildings has resulted in much work on the thermal performance and likely 
environmental impact of such buildings. Little work assessing the impact of the 
passive design approach on the construction process has been undertaken. This 
issue is examined herein, through the initial development of a methodology 
quantifying the relationship between passive environmental control (PEC) and the 
construction process, leading to a means of classifying buildings according to 
their prefabrication strategy. The authors suggest the technologies involved in 
implementing PEC strategies lend themselves to a prefabricated construction 
strategy, resulting in improved quality, reduced construction costs and a shorter 
construction period. A glossary of terms (italicised at their first use) with a 
specific meaning in the context of this paper is provided after the conclusions. 

INTRODUCTION 

A number of large building projects have recently been completed which rely either wholly or partially 
on PEC techniques . The majority have been office buildings . The majority of the buildings discussed 
in this paper experience high heat gains, and all demonstrate a common design requirement to eliminate, 
or at least minimise, the use of mechanical cooling and ventilation . These buildings have come to be 
classified as either passively cooled, where no mechanical cooling is used, or 'mixed mode' where passive 
ventilation and cooling techniques are supported by mechanical techniques. 

Although the new generation of 'passive' buildings have unique design forms individually, five generic 
technologies/strategies can be identified as follows : 

(i) heavily insulated outer envelope. 
(ii) night ventilation to purge the building structure of accumulated daytime heat. 
(iii) stacks or atria to promote naturaJ ventilation. 
(iv) carefully designed and often complex fenestration; minimises solar gain and building heat 

losses; maximises daylight penetration; usually a requirement for openable windows. 
(v) exposed building mass to dampen down swings in internal space temperature; promotes 

radiant and convective cooling. 

Little or no work has been carried out into the impact of such technologies/strategies on the procurement 
and construction processes. This paper concentrates on an initial assessment of such an impact in tenns 
of the possible use of prefabrication within strategies (iv) and (v). 

HYPOTHESIS 

Two of the main driving forces behind the current trend towards passive/mixed mode buildings in the UK 
are: 
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(i) environmental legislation such as the Montreal Protocol. 
(ii) environmentally conscious clients wishing to make positive corporate statements. 

Strong negative forces opposing this trend include: 

(iii) low cost of energy in real terms. 
(iv) vested interests, on the part of designers, consultants, constructors, and utility companies in the 

form of present fee structures which reward the selection of mechanical solutions by paying of 
a percentage of mechanical services costs and, on the same basis, which effectively penalise green 
solutions. 

Overa11 objectives of building providers often differ from those of building users. Speculative developers 
seek maximum short term capital gains, whereas building users seek long term benefits in use. This 
conflict is arguably the largest obstacle to the spread of environmentally friendly buildings in the UK. 
Demonstrating that the adoption of a green strategy can result in a simplified erection process, reduced 
constmction time and improved quality would , the authors suggest, aid in resolving this conflict. The 
majority of the buildings discussed in this paper can be classified as owner occupied and therefore outside 
the above conflict between building providers and building users. The authors suggest that the adoption 
of PEC strategies by such owner/occupiers demonstrates the increasing realisation amongst construction 
industry customers of some potential long term benefits of PEC strategies. This paper examines short 
term potential benefits of PEC strategies ' hich such customers may not be fully aware of. 

Evidence suggests that the adoption of a passive/mixed mode strategy, when linked to a prefabrication 
strategy, can significantly effect overall construction tin1e and costs. This is exemplified by comparing 
two large buildings recently constructed in the Midlands which used very similar PEC strategies: the 
Queens building, De Montfort University Leicester and the Inland Revenue building, Nottingham . The 
Queens building design process anticipated a traditional approach to construction; the building was over 
budget and several months late in completion. On the lnJand Revenue building a prefabricated approach 
lo construction was claimed; the project was completed several months ahead of schedule. 

Such a strong contrast between two buiJdings prompted the authors to embark on the research behind this 
paper. It seems clear that, whether implicitly or explicitly, the PEC related characteristics of the two 
buildings influenced the construction process . The Inland Revenue building suggests that buildings utilising 
passive/mixed mode strategies better lend themselves to a prefabricated, rather than traditional, approach 
to construction especially when a generic design strategy of exposing building mass is used. The authors 
adopted the premise that passive/mixed mode strategies encourage prefabrication, and then formulated a 
hypothesis for subsequent testing: 

The use of PEC strategies in the design of large buildings influences the constmction process because of 
the potential of such strategies with regard to a prefabricated approach to constrnction. 

METHODOLOGY 

Initial discussion amongst the authors identified three causal relationships which could affect the 'success' 
of a passive/mixed mode project, namely the relationship between; 

(i) the nature of the passive design strategy and the form of the construction process. 
(ii) the composition of the design team and the 'value' of design products . 
(iii) the form of contract and the product. 

All three relationships are interdependent, but it is helpful to isolate each so that its im pact can be 
appraised. Data was collected, through the use of a questionnaire (appendix I) and from published case 
studies (see bibliography) on buildings which exhibited varying degrees ofpassive/mixed mode attributes. 
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The questionnaire solicited information relevant to the relationships posited previously, particularly 
information relevant to the proposed development of a prefabrication classification system . It was 
considered that the degree to which the passive/mixed mode design could be prefabricated was the key 
to the success or failure of the construction process on this type of building. 

The extent of prefabrication was 
initially determined through application 
of a point scoring procedure within the 
prototype Moore-Seden-Beggs (MSB) 
method of classification. The MSB 
method examines a building for its 
actual use of potential areas for 
prefabrication, which are predominantly 
sub-assemblies, such as walls and floors, 
based upon Ferguson's<!) view of 
buildability as being the relationship 
between materials, components and sub
assemblies, stated as m/c/sa, in the 
production of the building or assembly. 
The context of this relationship is one 
of conversion, in that materials are 
converted into components, which are 

~ningof~ 
-~ 

Materials Components Subassembhes Assembly 

(M) (CJ ~ 

~ 
Figure 1. Gaining of building mass with decreasing category 
divergence. 
[Developed from Fergusonc2l 

converted into sub-assemblies. This conversion process naturally results in a decreasing divergence of 
content at each subsequent stage (there are always fewer sub-assemblies than components: see Figure l) 
as the building gains mass, and should not be seen as being a rationalisation strategy. This paper focuses 
on the initial development of the MSB as a means of quantifying the relationship between the PEC design 
strategy and the performance of the construction process. 

In order to focus the assessment as tightly as possible a number of assumptions were made, based on 
general construction process principles, such as that steel frame components are prefabricated by default. 
Fourteen possible areas for prefabrication were incorporated in the questionnaire. Scope was also included 
for respondents to indicate any other areas actually utilised. Each area was allocated one point and 
assessment was carried out on a positive basis (points were not deducted if a particular area was not 
utilised). The limits for each of the MSB classifications are given in Figure 2. Prior to discussing the 
questionnaire results, the authors wish to state that they anticipated the results would show a range of 
classifications. This anticipation was largely based on the authors' perception of each building's production 
requirements, as indicated by the case study bibliography material. This initial anticipation was proved 
to be overly optimistic by the detailed information resulting from the questio'nnaires. 

MSB CLASSIFICATION CLASSIFICATION LIMITS 

LOW 0 - 4.50 

LOWER MEDIUM 4.51 - 8.50 

HIGHER MEDIUM 8.51 - 12.50 

HIGH 12.51+ 

fl g ure 2 . M~tl class ificat1ons and hm1ts 
ANALYSIS 

The results of the prefabrication analysis are illustrated in Figure 3. 
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The authors were surprised to note that no 
building initiaJly scored higher than 3.0 
points and al1 buildings were therefore 
classified as low with regard to use of 
prefabrication. As mentioned previously, 
the authors had anticipated a range of 
classifications based on their study of the 
c~ase study journal publications. The 
impression gained from this material was 
that a diverse range of buildings, in terms 
of usage, size, client type, etc. had been 
selected. Figure 4 illustrates this initial 
perception of case study building diversity. 
For the questionnaire to produce such a 
limited range of values for these buildings 
was therefore surprising. An initial revision 
to the MSB allowed 0.5 for the use of 
precast floor beams with a cast in-situ 
structural topping. This did not result in 
any building moving up into the next MSB category. 

On analysing the data further it became 
apparent that, whilst a prefabricated 
production strategy was not prevalent, 
there was some evidence of buildability 
(as defined by IllingworM3>) in the fonu 
of rationalisation. The relevance of t11is 
is that 'industrialised' approaches to 
buildability are generally typified as 
being standardisation strategies<4

-
5

l_ The 
first stage of implementing such 
strategies is typically an explicit 
rationalisation exercise on the 
components and subassemblies of the 
building design(6

l. Rationalisation in this 
manner can be seen in tenus of 
Ferguson's(7J argument regarding variety 
reduction whereby the number of 
different types of materials, components 
and subassemblies is explicitly reduced 
as far as possible, with the remainder 

Figuce 3 Initial MSB dassiflcation scores 
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Figure 4 Initial perception of case slUdy bu11d1ng diversity 
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being those upon which the design process standardises. Variety reduction should not be confused with 
the nornial 'massing' of materials, components and subassemblies as previously illustrated in Figure I. 

Examination of the Queen's Building at DMU reveals a design process which the authors suggest contains 
little evidence of rationalisation in this explicit manner. The performance achieved in the construction 
phase of this building does not compare favourably with that of a heavily rationalised building such as 
the Inland Revenue building in Nottingham. The authors suggest that rationalisation, irrespective of any 
linkage to a strategy of buildability through standardisation, has an important beneficial contribution to 
make to construction phase performance. This point is developed further in the later discussion of 
functional rationalisation. 
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On completion of the rationalisation exercise the next stage would typically be to consider the introduction 
of prefabrication, where feasible, for those components and subassemblies which remain. Because 
prefabrication is increasingly seen as a manufacturing solution to the problem of construction 
productivity(8

), there is also the 
need, as discussed previously in 
tenns of variety reduction, to 
achieve maximum repetition of 
those components and 
subassemblies which are 
prefabricated. The matter is 
further complicated by the 
existence of a further 
design/production strategy referred 
to as simplification . The suggested 
effectsc 9

•
10

•
11

) of these 
design/production strategies on the 
duration of a 'traditional' strategy 
are illustrated in Figure 5. At this 
time the effect of such design I 
production strategies on the 
duration of a PEC building are not 
fully clear as the majority of 
buildings assessed do not exhibit 
evidence of other than a basic 
consideration of the 
design/production strategies of 
standardisation and simplification. 
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DESIGN PHASE CONSTRUCTION PHASE 

1. TRADITIONAL CONSTRUCTION 

CONSTRUCTION 
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3 SIMPLIFICATION 
CONSTRUCTION 

Cb·•=•••=•••=•• •=•••=•••=••·=•··=•••=•••======--·::l•• I 1: ...... !.y,? .... : .,: .. ~o *o:o•oo .'•--•o•o•o oo o~ OOOO ,.,,-, .. , ;•,,!,•n : , •. !. •.I 

4 . COMBINED 

, .. ..... . 
Rationalisation 

!' -· .· ... ... _., 

·· ·· ···I 

Simplification Standardisation 

CONSTRUCTION 

Figure 5. Suggested Effects of Differing Design Strategies on 
Construction and Design Phases . 
[Deve1opt:d from Kwakyc (1991), Gray (1983), Moore, Tunnicliffe 
(1994)] 

The authors suggest the lack of high MSB scores is an indication of two factors: 
(i) the design process in general has not yet become fully aware of the production 

possibilities, with regard to prefabrication, of such buildings. 
(ii) the MSB is insufficiently sensitive to the results of rationalisation. 

The MSB classification was revised in response to item (ii) so as to make the consideration of 
rationalisation more explicit at the design stage, as a precursor to a possible prefabrication strategy for the 
construction phase. 

With regard to item (ii), an important feature of the rationalisation etc. design strategies illustrated in 
Figure 5 is the load bearing system which carries gravity and wind loads down to the foundations . To 
do this effectively requires complete load paths through vertical and horizontal load transfer mechanisms 
supplied by well connected structural components and sub-assemblies. An historically weak link in the 
load paths through assemblies (completed structures I buildings) utilising prefabricated components has 
been in the connexions. This has been true of hybrid structures and precast concrete structures, though 
not exclusively so. In addition, some PEC design strategies requiring cross-ventilation tend to militate 
against very stable cellular structural plan forms, which typically involve repetitive occurrences of 
structural walls or panelling both laterally and longitudinally on plan, thereby offering significant barriers 
to cross ventilation. Equally other PEC design strategies involving complex fenestration can tend to 
militate against simplifying vertical structural panel components, depending on the fenestration pattern, 
the range of fenestration products, and the unit of prefabrication. Further examples exist, and it can be 
argued that there is a sensitive relationship between the design PEC intent, the structural form adopted, 
the achievable level of rationalisation and the resulting potential for prefabrication. An important 
constituent of this relationship is suggested by the authors as being functional rationalisation whereby a 
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given component or subassembly is enhanced with regard to the number of functions it carries out. ln· this 
manner the variety of components and subassemblies can be reduced, thereby aiding the construction 
process, without jeopardizing the particular functional performance requirements of PEC buildings. 

Whilst the nature of the above relationship (and the issue of connectivity) will be explored in detail in 
further papers, two examples which illustrate the basic nature of the suggested relationship are briefly 
considered here. The PowerGen building, Coventry made use of a tapered coffer within the ceiling sub
assembly as part of its lighting strategy so that on a summer's day the change in lighting is coincident with 
the change in the structure's shape. Such a taper produces an edge profile on the coffer which is argued 
as being difficult to produce using precast, resulting in the coffers being cast in-situ<l2l. The design team 
therefore imposed upon the production process a technological solution which can be argued as having 
a negative influence on the on-site production process. This is particularly so given the arguments for fast 
track methods of construction in commercial buildings such as PowerGen's<m_ The authors wish to state 
that there is no intention to suggest that such a technological solution is not appropriate to a PEC building: 
rather the question is one of whether or not the implications of such a solution for production phase 
performance were fully understood by the design team, incJuding the services engineers. Within a 
traditional design team structure difficulties with regard to fragmentation tend to be accentuated. The 
authors suggest that within a more integrated design team structure there will be considerable scope for 
all design team members to exert a beneficial influence on production phase performance. 

In the case of the Inland Revenue building, Nottingham, the equivalent sub-assembly was produced using 
prefabrication, with the result that the building is a good example of what can be achieved with regard 
to production phase performance. The Revenue building was not, however, one of the highest scoring 
buildings on the MSB assessment. Rather, it would appear that the production phase performance of the 
Revenue building was a result of the considerable rationalisation, particularly at subassembly level, evident 
in the design of this building. Such u design could not achiev~ a MSB assessment greater than 'low' 
purely because rationalisation, prior to prefabrication occurring, had effectively removed from the design 
some of the items identified on the MSB questionnaire. 

Within the MSB questionnaire the structural components of a building are identified. These components 
are recognised as being essentially primary and secondary heavyweight primary/planar members and 
framed/linear members. What was not initially anticipated in the design of the questionnaire was that the 
presence or absence of such members was arguably a result of the rationalisation process previously 
mentioned. Given this situation, the authors considered revising the MSB classification so as to weight 
those members which would remain after rationalisation had been applied. On this basis a prefabricated 
external masonry column, because of its primary structural function , is of more 'value' than a prefabricated 
external masonry panel which does not have a primary strnctural function. 

In attempting to revise the MSB further, the authors concluded that one key to predicting the construction 
phase performance of a given design was not solely to weight the point-scoring potential of particular 
remaining members. It was considered that designs ought to be penalised if they did not explicitly 
implement rationalisation. The quality of the data gathered using the original questionnaire did not permit 
this process to be carried out with confidence. A revised questionnaire will be tested on those buildings 
presently at the extremes of the MSB distribution. The authors anticipate being able to provide a more 
comprehensive treatment of this subject by analysing data from the revised questionnaire, when this paper 
is presented. The authors wish to reiterate at this point that the MSB classification is not being presented 
as a fully developed tool produced on the basis of a single form of the questionnaire. The intention is to 
develop the questionnaire further through feedback on its use by design professionals experienced in the 
construction of PEC buildings, and by reference to production data on new PEC buildings as this becomes 
available. Ultimately it is intended that the questionnaire will evolve into a design assessment tool for 
use by design team members, such as services engineers, so as to enhance the production phase 
performance of PEC buildings without detracting from their particular functional benefits. 
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·An interesting footnote to this section is that the Marston Book Services building exhibited the greatest 
use of rationalisation at the component level. The fenestration components particularly displayed an 
innovative approach to rationalisation with a resultant benefit to the on-site construction/fabrication 
processes. This type of rationalisation is suggested by the authors as being that of rationalising a number 
of functions into one component. For example, it is conventional wisdom in air conditioned office 
buildings to seal the windows and install components which are now traditional such as dueled mechanical 
ventilation and cooling systems, with the following ramifications for the design process: 

(i) suspended ceilings are usually installed to hide the duct work and pipe work. This 
introduces an additional component which needs to be installed on site, thus slowing down 
the construction process. 

(ii) large ceiling voids are required to accommodate the mechanical services. This adds to 
the overall size of the building and increases capital cost. 

(iii) a large and often complex mechanical services installation is required, which can add 
considerable time to the construction process. 

The use of innovative fenestration permits natural ventilation, night venting and also defends against solar 
gains, eliminates or reduces the need for mechanical ventilation cooling. Consequent to this rationalisation 
of functions within one innovative component, other 'traditional' components, along with their attendant 
trades, are simply rationalised out of the construction process. The resulting less complex construction 
process can be argued to be an example of achieving good buildability through simplification' 14

•
15

•
161

. All 
of the buildings considered in this paper exhibit, as a result of their PEC design strategies, this form of 
rationalisation to a greater or lesser extent. 

CONCLUSIONS 

Data has been gathered on ten case study buildings from journal publications and the results of a pilot 
questionnaire. The data has been analysed and evaluated using a prototype MSB method of classification. 
Both the questionnaire and the MSB classification method have been subjected to introductol)· testing. 

The initial analysis and evaluation presented in this paper only partially confirms at present the hypothesis 
that "the use of PEC strategies in the design of large buildings influences the construction process because 
they lend themselves to a prefabricated approach to construction". Across a sample of PEC buildings with 
a variety of end uses the prototype MSB classification has identified a varied approach by designers 
regarding prefabrication. Levels of prefabrication were generally lower than had been anticipated, due to 
rationalisation being practised more frequently than prefabrication. Rationalisation of functions was 
particularly evident, resulting in multifunctional fenestration components, and exposed building mass in 
multi-functional sub-assemblies. Where rationalisation of this type had taken place, the resulting MSB 
classification scores from the data provided by the original questionnaire could not be taken as a wholly 
valid indicator of production phase perfonnance. Nevertheless, there was sufficient evidence to suggest 
that the concepts and technologies involved in evaluating and implementing PEC design strategics offer 
considerable scope for rationalisation, simplification and a prefabricated approach to the construction 
process which give opportunities not being fully exploited by many design professionals. This is because 
the early design rationalisation which can so easily occur in PEC driven building design strategies leads 
readily to production simplification strategies. Issues of standardisation and repetition are also important 
in this process. 

The authors suggest that the production of future buildings will increasingly relate to PEC strategies and 
this will place greater emphasis on the production implications flowing from services engineers' design 
decisions, such as the use of exposed building mass. Functional rationalisation is suggested as being a 
concept worthy of further consideration by services engineers as a means to enhance production phase 
performance on future buildings . Complex fenestration is put forward in this paper as one example of 
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functional rationalisation . There is no intention to suggest that such fenestration is the limit of this concept: 
further innovative approaches to construction are surely possible through rigorous application of the 
concept; an area in which building services engineers have a potentially significant contribution to make. 

As mechanical services are increasingly designed out of future buildings services engineers will have to 
earn their design fees through an increased repertoire of skills and services: linking clients with product 
suppliers to mutual benefit in terms of long term performance in a rationalised approach to design and 
buildability may prove to be one of the most important of these. However, for this to happen it is clear 
that the form of contract has to allow for all parties, designers and constructors alike, to discuss at the 
concept design stage the opportunities for rationalisation and/or prefabrication. As part of the ongoing 
nature of this research the authors will be exploring the possibilities for such all party discussions within 
the range of forms of contract used within the sample of PEC buildings identified here. 

This initial study has been very illuminating, leading to a range of current and future study and research. 
Further work is developing in modifying the questionnaire to give credit for rationalisation, reviewing the 
classification method and widening the database. Issues of time, cost, quality and professional practice are 
to be explored to develop the MSB classification for use at the design stage in a multi-disciplinary way 
on a range of building types and projects to the benefit of the client. Interested parties are invited to offer 
buildings for inclusion in the database used for this research. 

GLOSSARY OF TERMS 

Prefabricated - Completely finished, ready to use, pre-commissioned and produced off-site.<1 7
l 

Standardisation - a design philosophy requiring the designed product to be produced from those 
materials, components and sub-assemblies remaining after rationalisation has taken place. 
Rationalisation - the minimisation of th:'! number of materials, components or sub-assemblies. 
Repetition - the maximisation of use of the minimum number of materials, components or sub
assemblies . 

Simplification - the minimisation of complexity within a design or project to that which is actually 
essential in terms of function. 

[(18)] 

Functional rationalisation - the maximisation of functions embodied within a given component or 
subassembly. 
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APPENDIX I. SG~VEY OUEST10NNAIRE. -
oMU BUILDINGS QUESTIONNAIRE C L I E N T : . . ............... . . 
GENERAL lNtOR.\.if.A TiON: Please attach project summary sheet if avaiiableiappropriate 

BUILDING ARCHITECT 

LOCATION STRUCTURAL 
ENGINEER 

GLAZING/WALL SERVICES ENGINEER 

RATIO 

FLOOR AREA tm~) MAIN CONTRACTOR 

SPAN (m) FORM OF CONTRACT 

BUILDING TYPE PROJECT MANAGER 

CAPITAL COST ! £} below target I DURATION: on time I 
BUDGET: please on target I please circle one of - late I 
circle one of - above target early 

ENVIRONMENTAL DESIGN: Please state YIN (except LIH for building weight; see notes) 

BUILDING NATURAL MECHANICAL MIXED NIGHT 
WEIGHT VENTILATION VENTILATION MODE VENTING 

ONLY ONLY 

PASSIVE EXPOSED FLOOR HOLLOW FLOOR MECHANICAL 
VENTILATION SO FF ITS CORE SLABS VOIDS COOLING( air 
STACKS conditioning) 

CONSTRUCTION TYPE: Please state type/method/form of construction. 

STRUCTURE WALLS WALLS PASSIVE FENESTRATION 
(external) (internal) STACKS 

·-------· 

PREF AB RICA TION CLASSIFICATION: Please state (YIN) which of the following, if any, were fabricated off
site. PLEASE NOTE· Steelwork I curtain walling assumed prefabricated 

PRIMARY STRLT- MASONRY MASONRY ROOFS (please CLADDING 
TURAL FLOORING PANELS COLUMNS (int) also indicate flat PANELS (no 
SYSTEM (concrete) (int1) or pitched roof) curtainwalling) 

SECONDARY STR- MASONRY MASONRY STAIRS: In LIFT SHAFTS: 
TURAL FLOORING PANELS COLUMNS (ext) flights (height 
SYSTEM (concrete) (extl) (external/internal) sections.) 

PLANT ROOMS(pods) OFFICES(pods) BATHROOMS(pods) OTHER(S) state : 

\NY SPtClAL CO~f' TS: 1lease continue on a se arate sheet. p p 
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