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) The application of computer methods to architecture is no longer an
infant art. Having established itself first in the more mathematically
oriented domain of the structural engineér, the computer is now being
applied to nearly every aspect of building design and produciion. One . -
of the more recent applications has been in the field.of building service \
systéms design and the investigation of the quality of'the internal
environment. Development of applications in this field has taken place
in two streams, sometimes parallel and often inter-related. In both
the U.S. and the U, K., these streams have been the development of
software systems for practical use by large architectural and
engineering firms, and the development of environmental research
programmes at universities and research institutions. The latter of
these two streams has been fairly well documented.as part of individual
research programimes, whereas the tendency has been for the systems
produced in practice to be poorly documented. However, at the present
time, enough documentation exists to necessitate its classification into
a bibliography. ' '

This bibliography has been produced as part of a research programme
attempting to develop a new approach to building environment and
service systems design using computer-aided design techniques. As
such it not only classifies available literature on the service systems
themselves, but also contains sections on the application of computers
and documentation of environmental research. As well, there is a
selective list of computer applications to other related areas of building
design and also material intended to provide a background to the
mathematical and analytical procedures involved. The literature has
been classified into the following categories.

1 Mathematical Methods and Analytical Techniques 3
2. Computer Applications - general 4
3. Integrated Models on Building Performance : 7
4. Building Environment and Service Systems 8
4.1 General References i 8
4.2 ‘Compuler Applications . 10
"5, Thermal Environment and Air Conditioning Systems 11
5.1 General References 11
5.2 Computer Applications and Mathematical Methods 16
6. Visual Environment and Lighting Systems® -2l —_
7. Acoustic Environment , 23 i
8. Vertical Transportation 24
8.1 General References 28
8, 2 Computer Applications - 25

Of necessity, the bibliography must be selective owing to the enormous
amount of available literature. " In addition .to the specific references
given here, the reader is referred to the following list of journals and
periodicals,

Australian Refrigeration Air Conditioning and Heating, official publication
of the Australian Institute of Refrigeration, Air Conditioning and Heating, v
©  Inc. (A, R, A, H.) and associated bodies,

o
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,

Building Science, an international journal of research in building science,
published quarterly by Pergamon Press.

Building Science Abstracts, summaries of papers published in selected
journals worldwide, published by the Building Research Station, Watford,
England. ’

_Heating Piping and Air Conditioning, mainly concerned with practical
hardware systems design; published by the Reinhold Publishing Co. Litd.

I.H.V.E., the Journal of the Institution of Heating and Ventilating
Engineers, London.

Illummatmg Engmeemng, Journal of the Illummatmg Engmeemng Society,
U.S. A, x .

Light and Lighting, published by the Illuminating Engineering Society,
London.

Lighting Resear»ch and Technology, published b.y the Illuminating '
Engineering Society, London.

Lighting Review, publlsheo by the Illummatmg Engmeermg Societies of
Australia. ¢ -

The Building Services Engineer, the Journal of the Institution.of Heating
and Ventilating Engineers, London .

Thermal Abstracts, abstracts of papers relating to thermal research,
published by the Heating and Ventilating Research Association,
Bracknell, England. «

As well, further information can be obtained from research papers,
working papers, etc., which are published periodically by research
organisations involved in environmental studies of building deéign.

Fmally, it should be noted that this b1b110graphy is }ntended as a .
reference guide for those involved in building serv1ces design; those
wishing to become involved in the application of computers to this field;
and, of course, for students who wish to study ‘the subject of building
environment and services design and the subsequent apphcatlon of

. computer methods. '
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MATHEMATICAL METHODS AND ANALYTICAL TECHNIQUES

ASHBY, W, Ross. An Introduction to Cybernetics. University

~ Paperbacks, Methuen and Co., London, 1971.

AU, T, and STELSON, T.E. mtroduction to Systems Engineering:

Deterministic Models. Addison-Wesley, 1969,

BEALE, E, M.L. Application of Mathematical Programming
Techniques, The Enghsh Universities Press, July 1970.

BELLMAN, R,E. and DREYFUS, S.E. Applied Dynamic Programmmg.
Pmnceton Un1ver51ty Press, New Jersey, 1962,

CHORAFAS, Dimitris N, Systems and Simulation. Academic Pregs,
London, 1965, - ;

CHURCHILL, R.V. Operational Mathematics. McGraw-Hill Book
‘ Co. (2nd Edition) 1958. ’

L3

CHURCHMAN C. WEST, ACKOFF, RUSSELL L., and ARNOFF, E,
Introduction to Operations Research. John Wiley and Sons Inc.
New York, 1957,

COX, A. Queues, Methuen, London, 1961,

CRADDOCK J.M. Statistics in the Computer Age. The English
Umversmes Press New Science Series, 1970.

DANTZIG, G, B. Linear Programming and Extensions, Princeton
University Press, New Jersey, 1963,

GORDON, Geoffrey, System Simulation, Prentice-Hall, New
Jersey, 1969, ’ 3 )

HAMMERSLEY, J, M, and HANDSCOMB, D, C. Monte Carlo Methods.
Methuen, London, 1964, ‘

HANDLER, Benjamin. A Systems Approach to Architecture,
Elsevier, New York, 1970,

KASNER, E, and NEWMAN, J, Mathematics and the Imagination,
Bell, Londor, 1949, )

-

KAUFM.ANN, A, Graphs, Dynamic Programming and Finite Games,
Academic Press, New York, London.
\

MARCH, Lionel, and STEADMAN, Philip. The Geometry of
Environment. An Introduction to Spatial Organisation in Design,
RIBA Publications Limited, London 1971,.

7
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SMITH. J. Computer Simulation Models. éharles QGriffin, London,
1968. i -

3

STORER, R.N. Jr., Analysis of the Information, Structuré of o
Building Design. Massachusetts Institute of Technology, Department
‘of Civil Engineering, Report R68-24, June 1968.

" TOCHER, K.D. The Art of Simulation. English Universities Press,
London, 1,‘263. . ‘ -

TUSTON, A. A Method of Analysing the Behaviour of Linear
Systems in Terms of Time SeriesTJournal of the Institute of
Electrical Engineers, Vol. 94, Part II-A, No, 1, 1947, pp. 130-142,

ZENER, C., and DUFFIN, R.J. Optimisation of Engineering
Problems. Westinghouse Engineer, (24), September 1964, p. 154.

2. COMPUTER APPLICATIONS - GENERAL

4

AGUILAR, R.J. The Mathematical Formulation and Optimisation
of Architectural and Planning Functions. University of Louisiana
" State, Division of Engineering Research, Bulletin No. 93, 1967.

BIJL, A., RENSHAW, T., BARNARD, D.F,, WATT, S. and

- BURNEY, D. House Design - Application of Computer Graphics
to Architectural Practice. Architecture Research Unit, Edinburgh
University, December 1971.

BUJL, A., RENSHAW, T., and BARNARD, D,F. The Use of
Graphics in the Developmert of Computer Aided Environmental

" Design for Two-Storey Houses. Architecture Research Unit,
University of Edinburgh, 1971,

BRAUN, R.H. Small Firm QComputér'Use. Heating, Piping and
Air Conditioning (43), April 1971, pp. 88-89.

BRITCH, A.L. Computer Aided Architectural Design. University '
of Liverpool, Department»of Building Science, 1968.

BURBERRY, P. Towards a Common Theory of Movement,
Building, January 17, 1969, pp. 3/77-79, February 21, 1969,
pp. 8/103-105. ) ' )

CAMPION, D, Applications of Computers in Buildings. Building,
(221), November 1971, pp. 157-158. -

¢

CAMPfON, D. Design Simulation by‘ Computer. Architectural
‘ Review, (140), December 1966, pp. 460-464,

! 8




.CAMPION, D. Computers in Architectural Design. Elsevier
Publishing Company Ltd., London, 1968,

COONS, S.A. An Outline of the Requirements for a Computer
Aided Design System. Proceedings 1963 A, C, M, Spring Joint
Cromputer Conference, pp. 299-304,

EBERHARD, J. P, A Computer Based Building Process: Its
Potehtials for Architecture, Architectural Engineering News
(4), December 1962, pp. 16-18.

FAIR, G.R. etal, Note on the Computer as an Aid to the Architect,
Computer Journal (9), May 1966, pp. 16-20.

GERO, 'J. S. and BROWN, M, A Selective Bibliography of Computers
in Architecture, Department of Architectural Science, University of
Sydney, Computer Report CR5, 1970, )

*GRAY, Crispin. Fundamental Concepts in Computer Aided
Architecture. 1, Storage and Daia Structure, Cambridge University,
Centre for Land Use and Built Form Studies, Workmg Paper 49,
December 1970,

HARPER, G.N. (Ed.) Computer Applications in Engineering and
Architecture, McGraw-Hill, New York, 1968,

HOSKINS, E. and GRAY, U,C. Computer Aided Building Systems
for Co-ordinated Building Methods Applied Research of Cambridge,
September 1971, ‘

HOSKINS, E. M. and OWERS, J, DHSS Harness Concept. Automatic
Design Aids - A Feasibility Study, University of Cambridge, Land
Use and Built Form Studies, April 1970, .

Lo

" JACKSON, J.N. Bu11d1ng Data Management System, Massachusetts
Institute of Technology, Department of Civil Engineering, Research
Report R70-55, Septembet 1970,

JENKINS, N. 'The Engineer, the Computer and Bu11d1ng Design.
Decisions. IHVE Journal (39), August 1971, p. Al7}

LEE, K, Computer Aided Professional Services, Perry, Dean and
Stewart, Architects, Boston, Mass,. Available from authors.

(Text partially published in Bulletin of Computer Aided Architectural
Design, March 1971).

LEE, K. and STEWART, C. Troika for Architectural Planning.
Perry, Dean and Stewart, Architects, Boston, Mass.. Paper
"presented at Association for Computing Machmery .Annual Conference,
*1971

LEE, K. and STEWART, C, Can a,5;1-year-old architectural firm
find romance and happiness with an interactive computer system ?
Progressive Architecture, July 197é, pp. 64-73.\
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LEE, K. and STEWART, C. Comprospace: Interactive Computer

Graphics in the Real World. Environmental Design: Research and

Practice, edited by William J. Mitchell, U, C.L. A., January 1972.
. ) : .

MAVER, T.W. A Theory of Architectural Design in which the Role '
of the Computer is Identified. University of Strathclyde, Department

of Architecture and Building Science, ABACUS Occasional Paper j

No. 1, September 1970, ’

MITCHELL, W.J. and DILLON, R.L. A Polyomino Assembley
Procedure for Architectural Floor Planning. Environmental Design:
Research and Practice, edlted by William Mitchell, U, C, L. A.
January 1972, A _‘

NEGROPONTE, N., GROISSER, L.B. and TAGGART, J. Hunch:
An Experiment in Sketch Recognition. Massachusetts Institute of
Technology, Department 6f Architecture, Cambridge 1972.

NEGROPONTE, N. and GROISSER, L.B. Life in a Computerised
Environment, Massachusetts Institute ot _Technology, Department of
Architecture, Cambridge,

PATERSON, J.W. The Use of Computers by Architects. Paper
presented at Conference on Computers in the Construction Industry,
sponsored by the Ministry of Public Bu11d1ng and Works, Manchester, .
October 1967.

PETERS, B. Architectural Computer Systems. West Sussex County .
Council, Architect's Department, Chicester, October 1968,

PHILLIPS, R.J. Some Applications of Computers in Design. :
University of Bristol, Department of Architecture, 1967. ’

SCHUMANN, U, A Data Bank of Fortran Functions Describing
Material Properties. Software (2), January-March 1972, pp. 21-28,
Wiley, Interscience. ' :

«

N ’ » . 4
SOUDER, J.J. et al. Planning for Hospitals: A Systems Approach
with Computer-Aided Techniques. American Hospital Association,
Chicago, I11. 1964.

SPRING, B,P. Will Computers Design our Buildings? Architectural
Forum, (117), October 1962, pp. 122-125,

: ]
STEWART, I. Computers, Architectural Review, (135), March.
© 1964, pp. 226-230, April 1964, pp. 303-306.

TEAGUE, L.C,, Jr. " The Representation of Spatial Relationships
in a Computer System for Building Design. Massachusetts Institute

of Technology, Department of Civil Engmeemng, Research Report

.10
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TEICHOLZ, E. Don't Fight'lt: A Short Discourse on the Impact {
of Computer Technology on Architecture. Paper presented at Ohio
State University, April 1967, SICCAP Bulletin (1), July 1967, pp. 4-12.
WOLBERG, J.R, The Application of Computers“-,to Engineering
Analysis. McGraw-Hill, New York, 1971. T .

[y
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INTEGRATED MODELS OF BUILDING PERFORMANCE

BROTCHIE, J.F. and LINZEY, M.P.T. A Model for Integrating
' Building Design. Building Science {6}, 1971, pp. 89-96.

FORWOOD, B.S. The Development of a Computer-Aided Building
Environment and Services Simulatjon Model. Architectural Science
Review, (15), December 1972, pp. 77-83. '

o

FORWOOD, B.,S. The Office Building: A Mathematical Model.
. University of Sydney, Department of Architectural Science, August &
"1972. (Available from author).

GRAY,-C, P. and HOSKINS,,E.:M. Computer Aiéed Building SystemlS
for Co-ordinated Building Methods.. Applied Research of Cambridge
Ltd., Cambridge, September 1971, -« 4

GUPTA, C.L., A Systems Model for Environmental Design -of

Buildings. National Bureau of Standards, Symposium on Use of

Computers for Environmental Engineering Related to Buildings, -
« Gaithersburg, Maryland, U, S.A, 1970. -

HARPER, G.N. 'BOP - An Approach to Building Optimisation.
23rd National Conference, Association for Computmg Machinery,
New York (1968), pp. 575-583.

HAWKES, D. The Use of an ‘Evaluative Model in Architectural
Design. Land Use and Built Form Studies, Cambridge, Workmg
Paper 31, September 1970,

HAWKES, D, A History of Models of tﬁe Environment in Buildings\.‘
Cambridge University, Land Use and Built Form Studies, Working
Paper 34, September 1970. , .

" .

- HAWKES, D,, MARCH, L, and TABOR, P, Towards a Spatial
Design Model for Office Accommodation. Cambridge University,
Land Use and Built Form Studies, Working Paper 11, 1969.

HAWKES, D. and STIBBS, R. The Environmental IEvaluation of
Buildings. 1. A Mathematical Model, Cambridge University,
Land Use and Built Form Studies, Working Paper 15, October 1969.
(See also Working Papers 2%, 28, 29, 30). ’

11




N\

{/ i ' 8.
HERSHDORFER, A. M. and McGREGOR, R, G, Design of
Environmental Systems for Buildings. Massachusetts Institute of
‘Technology, Department of Civil Engineering, Report R70-76,
November 1976, .

MARGH, L, Some Elementary Models of Built Forms, Cambridge
Un1vers1ty, Land Use and Built Form Studies, Working Paper 56,
1971,

MAVER, T.W, and 'Fl_,EMlNG, J., PACE 1: An On-Line Design
Facility, University of Strathclyde, Department of Architecture
and Building Science, ABACUS Occasional Paper No, 4, May 1971.

MOGED R.L. Cost Models for Urban Building Systems Massachusetts *
Institute of Technology, Department of Civil L‘ngmeer;ng, Report
R69-33, June 1969,

Q

\PRICK_ETT T. et al. Solving the Communication Problem in a
Computer Controlled Enviropmental System, National Bureau of
Standards, Symposium on Use 6f Computers for Environmental
Engineering Related to Buildings. Gaithersburg, Maryland, U, S, A, ,
1970:. - » ‘

. |
TEAGUE, L.C., Jr., and HERSCHDORFER, A. M., BUILD - Aq
Integrated System for Building Design. Massachusetts Institute of .
Technology, Depaytment of Civil Engineering, Research Report
R68-25, June 1968, i ,

TEAGUE; L.C., Jr., GERKEN, B.L. and SOMMERFIELD, W, F,
A User's Guide to BUILD Massachusetts Institute of Technology,
Department of Civil Engineering, June 19617,

BUILDING ENVIRONMENT AND SERVICE SYSTEMS

4,1 GENERAL REFERENCES

P

"ANDREWS, F. T, The Architect's Guide to Mechanical Systems.

Reinhold Publishing Corporation, New York 1966.

ARCHITECTS JOURNAL, New Design Techniues for Standards of
Environment, (146), 22 March 1967, p, 703,

BURBERRY? P. Environment and Services. B.T. Batsford Ltd. ,

‘London, 1970,

x - Ay )
BUTTON, D.A. Control of Daylight, Noise and Heat by the Building

Structure, Lighting Research and Technology, (2), 1970, pp: 225-231,
. R Y Y

CARSON, W. Three Simple Techiiques for Estimating the Scale of
Prov1s1on of Service Outlets and other Facilities in “Buildings.
Arch1tects Journal, (141), 10 March 1965, pp. 5853590,

12
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- ‘KINLI;?Y B. and SHARP, H. Environmental Technologies in’

-

- Form Studies, Working -15aper 35, June 1970.

- FISHER, D. The European Approach to the Inlegration of [-ighting

‘\,\\
 FOSTER, A,, JOHNSTON, H, P, and-WEBSTER =I——A Study of

"-JONES, B. The Modern Building is a Machine, The American.

9 . ) . -

IJICKENS,' Anna, Structural and Service Systems in Office Buildings.
A Background Review, Cambridge University?, Land Use and Built

and Air Cond1t10n1ng Lighting Research.and Technology, (2), 1970,
, PP. 150 163, . . o

Coding and Data Co-ordination for the Construction Industry:
Mechanical Engineering Services, Building Research Station,
England, Current Paper CP6/69 March 1969, - .

GRATTON, B, Automatlc Collectlon of Data in Surveys on the 4
Loading of Water and Energy Services within the Hospital, University
of Glasgow, Department of Mechanical Engineering, Building Services
Research Unit, Report No, 38, March 1:966.

<

HARDY A, C. An Assessment of ﬁnvironmental Perforrnance.
Conference on Integratéd Design of Bu1ld1ngs England, July 1971,
Paper 4 - Feedback

HARDY, A C'. Environmental Design of Buildings. Science‘Journal,
September 1966, '

s < ~ .
HAWKES, D. Selected Papers on the Design of Office Buildings, .
1890-1930. Cambridge University, Land Use and Built Form Studles
Worklng Paper No 3, 1968,

HAWKES, D, Offices A Digest of Data, Cambridge University,
Land Use and Built Form Studies, Worklng Paper 10, Decembér 1968.

JAY P, and BURBERRY P, ‘The Env1ronmenta1 Problem,
Light and nghtmg, (63), January 1970, pp. 14-17.

JAY, P, and HEMSLEY, J, Electrical Services in Buildings.,
Elsevier, Amsterdam, 1968, i “

JOHNSTONE, H,P, A Study of Coding and Data Co-ordination for
the Construction Industry: Electrical Design and Contracting,
Bulldlng Research Station, England Current Paper 7/62, March 1969,

Architect, (125), 30 January 1924, pp. 93-98. o

Archltecture Prentice Hall, New York, 1963, '

- I
v

Mc‘GUlNESS, W.J., STEIN, B, Mechanical and Electrical Equipment

for Buildings. (5th Edition) John Wiley and Sons, New York, 1971,

| 13 .




MANNING, P. (Ed.) Offlce Des1gn A Study of Dnv1ronment

Un1vers1ty of-L.iverpool, Department of Building Science, ,Pilkington
Research Unit, May 1965, .

_ MAVER, T.W, Bu11d1ng Services Des1gn A Systematic Approach .
" to Decision- Maklng R.I. B, A, Publications, London, 1971.

.

MILNE, M.A. The Beginnings of a Theory of Environmental *
Control. Environmental Design: Research and Practice (William
* Mitchell, editor), U, C,L.A. , January 1972,

NIELSON, L.S. Standard Plumbing Eng1neer1ng Design.
McGraw-Hill Inc., New York, 1963, . :

O'SULLIVAN, P.E, ' Integrated Envaronmental Design of Buildings.
. Environmental Design: Research and Practice (William Mitchell,
¢ editor), U.C.L.A.. January 1972. :
PAGE, J.K. A Rev1ew of U K.. Practice on Integrated Env1ronmenta1
Des1gn L1ght1ng Research and Technology (2), 1970, pp. 135 149,

REDPATH, J.T. The Environmental Design of Buildings.
Transactlons of Nluminating Englneermg Society, L.ondon, (4),
1968, pp. 141-144.

b

SHERRATT, A, F C. " Internal Services which Influence the Interior ’
Environment. Lighting Research and Technology, (2), 1970,
pp. 233-245,

STECK, B. European Practlce in the Integration of Lighting, Air
Cond1t10n1ng and Acoustics in Offices. ‘Lighting Research and
Technology, (1) .1969, p 8-23.

»

. ' THOMSEN, C. How H1gh to Rise. American Institute of Architects .
- Journal, Apr11 1965 pp. 66-68, ) )

’-a

- TREIDEL, H. Total Energy System for B, H. P. House, Melbourne,

) Austrahan Refrigeration and Air Cond1t10n1ng, (25), January 1971,
pp...21-267

Y B

o
x

WONG F.M. The Relation Between Cost, Performance and Comfort
Cond1t10ns in 58 Office Buildings in Sydney. University of Sydney,
Department of Archltectural Science, Thes1s 1965 (unpublished).
- WRIGHT, J,R, Performance Criteria in Building. Scientific
American, (224), March 1971, pp. 17-25,

4,2 COMPUTER APPLICATIONS

DANIEL, P, T. C.A.D. Applied*to Process Plant Design.
Un1vers1ty of Liverpool; Department of Building Science, Centre
O  for Computer Aided Design, 1971,

14
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DANIEL, P.T. CARBS: Computer Assisted Rationalised Building
Systems. 1. Systems Introduction Manual. University of Liverpool/
Flintshire County COUncﬂ Centre for Computer Aided Design,

March 1972,

.

DANIEL P.T. ISOPEDAC: Integrated System “of Pipework
Estlmatmg Detailing and Control. University of L1verpool} Departmen
of Building Science, Centre for Computer Aided Bulldlng esign,
November 1971.

DiCKENS, Anna, and HAWKES, D, A Computer Simulation, of a
Service System. Cambridge University, Land Use and Built Form
Studies, Working Paper 36, June 1970..

GOODWIN, C, A,, TALBOT, R.J. and WARD, R. J. On-,Iiine -,
Computer Control of Building Services. University of Manchester,
Institute of Science and Technolcgy. \ Y

THERMAL ENVIRONMENT AND AIR CONDITIONING SYSTEMS -
v - .

5.1 GENERAL REFERENCES

ANGUS, T. The Control of Indoor Climate, Pergamon Press,
Oxford, 1968. °

ARATANI, N, et al, Design Method for Economical Pipe Size f
in Hot Water Piping System. Transactlons of SHASE, Japah (8), J!
1970, pp. 97-104, v o

ASHRAE GUIDE AND DATA BOOK. American Society of Heating, ;
Refrigerating and Air-conditioning Engineers, New York, 1972 /

~

BAIRD, G. Air Change and Air Transfer in a’ Hospltal Ward Unlt\\L _)
Building Smence (3), 1969), 9:8 113-124, /

BANHAM, R. The Architecture of the Well Tempered Environment.
Architectural ‘Press, ‘Loondon, 1969, - C.

/
BARTON, D. Office Building Air Conditioning., Australian ’ f
Refrigeration, Air Conditioning and Heating, Part I, (23), August A
1969, pp. 21-25. Part II, (23), September 1969, pp. 28-32. !

BILLINGTON, N,S. Building Physics: Heat, Pergamon PreSs, '
London, 1967, " g

~ BLACK, F, and /MILROY, E, Experience of Air Conditioning in =~
Offices, Building Research Stafion, Design Series ,51,. e
/

BOKOR, A, A Comparison of Some Acoustic Duct Lining Mat/emals
According to Scott's Theory. Journal of Sound and Vibration,~{ 4)
1971, pp. 367-373.
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BUILDING RESEARCH STATION, Standardised U-Values. B.R. S.
Digest No, 108.. H, M, S, O., London, 1969,

CARRIER CORPORATION. Handbook of Air Conditioning Systems
Design. McGraw-Hill Book Company Inc., New York, 1965,

CARRIER, W,H., CHERNE, R.E., GRANT, W, A. and ROBERTS, W. H.
Air Conditioning Heating and Ventilation, Pitman Publishing Co. ; )
New York, 1959,

CARSON, W., MA, W.Y.L. and LEGG,*R.C. Air Conditioning in
Hospltals w1th Spe01a1 Reference to Operatmg Theatres. The Hospital
Engineer, Parts I and, II, (28), January 1964, Part ITI, (28), February
1964,

CARSON, W,, MAVER, T., BAIRD, G, and LEGG, R.C. Engineering
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