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SUMMARY 

The recent mechanisation of architecture and movement has reduced the degree of 

environmental diversity in architecture and the urban realm. Biological sciences suggest that 

diversity, within a certain range of variation, is desirable to exercise the adaptive capacities of any 

living organism; a slight instability being the necessary condition to true stability. Environmental 

diversity can be achieved within the variables of architecture by subtle articulations between 

interior and exterior environments. Such diversity is examplified by parametric simulations of the 

environmental behaviour of some transitional spaces generated by the interpenetration of 

massive and transparent structural elements. Transitional spaces favour environmental diversity 

and a progressive physiological adaptation to avoid discomfort generated by abrupt 

environmental transients. At the scale of the city, the public and semi-public realms are seen as 

generators of such diversity. The extent of the transformation of city centre and the underlying 

isotropisation is illustrated morphologically through the study of two cities. The movement of the 

contemporary urbanite is found to be much more restrained than that of his ancestors living in 

traditional urban fabrics. A theoretical investigation of environmental transients through the 

manipulation of a thermal comfort equation highlights the possible extent of such transients 

according to combination of wind and sun exposures. Practically, a survey method is introduced 

to measure the extent of environmental transients as experienced dynamically by a pedestrian 

when moving through the archit€cture of the city. An extensive survey campaign of existing 

arcades allows for the discussion of their environmental performance according to certain 

property-ratios. The arcade type, which preceded the mechanisation of architecture and 

movement, stands as a clear example of the ability of architecture to generate environmental 

diversity through urban continuity within its own variables. Such transitional spaces provide a 

moderate stimulation of the senses through a progressive physiological adaptation and 

therefore favour optimal receptivity of the moving being to its built and social environments. 



ACKNOWLEDGEMENTS 

This Ph.D. research was funded by the Commonwealth 

Scholarship Commission in the United kingdom, under 

the supervision of Professor Dean U. Hawkes, and the 

external examination of Professor Simos Yannas and 

Professor Sergio Los. 

ii 



TABLE OF CONTENTS 

Abstract ...... ............ ....... .... ..... ........... ...................... ........... .. .......... ... ..... ....... ... ... ..... i 
Acknowledgements ......... ................ .. ......... ..... .. ................ .. ...... ...... .......... .... .. .... .. ... ii 
Table of contents ............ ...... ..... .. .... ..... .. : ....... .. .. .... ..... .. ......... ............................ ..... iii 
Table of figures ............. .. .. .... .. ..... ............ .... .. .... ......... ..... .. ....... ........ ... .......... ....... ... vi 

I ntr'od"dion 1 
1. On Environmental Diversity .................................................................................... 5 

1.1. The deterministic nature of building science ....................... ........ .......... .......... .... 6 
1.2. The environmental perception ......... .... ............ .............................. .. ... .. ............. 8 
1.3. Thermal transients .......................... ..... ..... .... ............................................ ....... 1 O 
1 .4. Biological analogy .... ................ ....................................................................... 11 
1.5. Spatial and environmental diversity .. ........ .... .... .. ......... .. ...................... .. ........ .... 1 2 
1.6. Comfort criteria and adaptation to environmental diversity ... ... ....... : .................... 13 
1.7. Conclusions-Learning from the Greek baths ..................................................... 17 

2. Interior versus Exterior ............... ....... ................................................................... 2 2 

2.1. The notion of transition in architectural theory ................................................... 24 

2.2. Structural language and transitional spaces ............................ .. ......................... 27 
2.2.1 . The linear structure ...................... ............................. ... ..................... 28 
2.2.2. The planar structure ................................................... .... ... ..... ........... 29 
2.2.3. The volumetric structure ................ ............................ .. .. ... ............ .... 2 9 
2.2.4. The combination of linear, planar and volumetric structures ................. 31 

2.3. Architecture as a dynamic experience .. ............................................................. 33 

2.4. Towards a transitional typology ...................... .. ..... ...................... .. .......... .. .... ... . 36 
2.4.1. Climate and transition .................. ..... ..... .. ................... .... ................... 36 
2.4.2. A Theoretical approach ..... ................................ ... .... ....... .................. 3 9 
2.4.3. A classification of transitional configurations ....... .. ........ ..................... .40 
2.4.4. Transitional Patterns ....... .... ............................................................. 41 

2.5. Some theoretical speculations ......................................................................... 44 
2.5.1. FRED-AIR simulation program ...... ..... ........ ...... ..... .. ... .... ......... .......... .44 
2.5.2. Results of simulation ......................................................................... 45 

2.6. Conclusions .. ... .. ....... ... ..................... ... ................................... ... ............. ...... . 51 

3. The Urban Realm ....... ............ ... ....... ............ ................. ...... .......... ................. .... ..... 5 3 

3.1 Experiencing the city ..... .. ... ... ......... ....... .. ..... ................ ......................... ..... ...... 5 3 
3.1.1 The dynamic experience of the city ..................................................... 53 

·3.1.2. The social experience of the city ... ................ ........................ .... ......... 55 
3.1 .3. The privatisation of the public realm .. ................................................. 5 9 
3.1.4. The climatic experience of the city ...... ............................................... 60 

3.2. The Arcade Paradigm ........ ... .... ......... .... ................ ......... .... ............... .......... .... 61 
3.2.1. Architectural and urban evolution .... .... ............ ............... ... ........ ........ 62 
3.2.2. Social experience ............................. ...... ............................... .... ....... 65 
3.2.3. The environment of the arcade ......... ........ ........ ... ....... .... ................... 66 
3.2.4. Decadence of the arcade and interiorisation 

of retailing activities ... ........... ............... ................ ..... ....... .................. 6 7 

3.3. Case study ...... ............. ............................................................................ ...... 68 
3.3.1 Measuring spatial diversity .................................................................. 68 

3.3.1.1. Surface ratios ....... .. ...... ... .... ......................................... ..... 6 9 
3.3.1.2. Permeability ....... .......................................... .... ................. 70 

iii 



3.3.2. Two cities .... .. ........ ... ............... .... .. ....... ..... .. ........ ... ... ... .. .. ......... ... .. .. 71 
3.3.2.1. Cambridge .. ... ...... ... ....... ... ... .... ... ...... ... .... ... .. ..... .... .. ...... .. . 7 1 
3.3.2.2. Cardiff ... .. .. ... ... .... .... ... .. ......... ... .... ... .... .. .. .......... ..... ........ ... 78 

3.4. Conclusions ...... ...... ...... ... .... ..... .... ........ ...... .... .. ..... ..... .... .... ... .. .. .. .. ... ....... ..... . 84 

4. Assessing Environmental Diversity ... .......... ...... .. ...... ... .. ... .... .. ......... ... .... .. ....... .. 8 7 

4.1 The determinants of thermal comfort ...... ....... .. .... ... .... .. ....... ..... ......... .. .... .......... 8 7 4.2. The physical determinants of urban environmental conditions .. .. .. ................ .... .. 90 4.3. Speculating on urban environmental transitions ....... ...... ... .. .... .......................... 93 4.4 Theoretical environmental transitions ........ ...... .. .. .... .... ....... .... ............ ... ...... ...... 9 5 4.5. Thermal comfort analysis .......... ........ ..... ..... .... .. ....... ...... ................................... 98 

4.6. Survey method .... ..... ... ........ ...... .... .. .. ... ... .... .. ... .. .. ..... ..... .......... .. .............. .... 1 00 
4.6.1. The portable array .. ... .... ... ............ ........... .. ............... .. : ..... ...... ..... .. ... 100 
4.6.2 . Data transfer ....... .... ... ........ ... .... ................................ ... .. : .... .......... .. 1 O 1 
4.6.3. Survey types ... .... ...... ..... .. .. ..... .. ..... ...... .... ... .. .... ... ..... .......... .. ... ... ... 101 

4.6.3.1. Static surveys ... ................. ... ........ .... ... ..... ........ ..... ... ... .. .. 1 02 
4.6.3.2. Dynamic surveys ....... ...... ... ....... ........ ........... ... ........ ... .. ... 1 04 

4.7. Pilot study ... ........ ..... .... ........ .. ........ .......... ....... ... ........ .. ... ........ ... .... .. .. ... ....... 105 
4.7.1. Passage ...... ........ ......... ..... ... ... ... ... .. .. .. ...... ....... ............ ... .............. 105 
4.7.2. Courtyard ...... ......... .. ........ .. ............... .. .... .... ....... ........ ... .... ... .. ...... .. 108 
4.7.3. Arcade ..... ....... .. .... ... ... .... .. ... ... .... .......... .... .... ..... ... ......................... 111 
4.7.4. Strolls in Cardiff .. .... .............. ................ ..... .............. ............... .. ...... 114 

4.8. Conclusions ...... ....... ...... .... .... ... ...... .... ... .. ... .... .... .. ... .... ... .... ......................... 1 21 

5. The Arcade Environment.. ............ ... .... .... ... .. ...... .. ..... ..... ..... .... .. .. .... .. ....... ... ... .... 1 2 4 

5.1. The corpus of study ........... ... .. .... .... .... .. ..... .... ..... ... .... ........ ... ....... ..... ... ....... .. 124 

5.2. Environmental transients ................ .. ................ .. ..... ...... .. ...... ... .. .. ... .. .. ...... .. .. 127 
5.2.1. London surveys ....... ........ ... .. ........... .......... ....... .. ................. ..... .... . 1 31 

5.2.1.1 . Royal Opera Arcade ...... ...... ............. .... ... .. .... .. ..... ... ...... .. . 1 31 
5.2.1 .2. Burlington Arcade ..... ... ..... ... .... ......... ....... ............... .. ... ... 133 
5.2.1 .3. Royal Arcade (London) ... ... ... .. .. .. ............ ........ .... ... ... ....... 136 
5.2.1.4. Leadenhall Market.. ..... ..... .... ................... ....... ... ......... .... . 138 
5.2.1.5. Piccadilly Arcade ............... ..... ... .. .................. .................. 1 41 
5.2.1.6. Quadrant Arcade ......... ...... ... ........... ...... ..... ... ... ... ... ......... 143 
5.2.1.7. Covent Garden Market. ........ .. .. .... .. ... ... ... ..... ... .. .. .... .. .. .. ... 145 5.2.2. Cardiff surveys .... ...... ..... ..... ... ............ .... .... .. .. ...................... ........ .. 150 
5.2.2. 1. Royal Arcade (Cardiff) .. ....... ....... .. .. ..... ....... ..... .. ... ... .... .. .. . 1 50 
5.2.2.2. Morgan Arcade .. ..... .. ...... .. ....... ..... ..... ....... ... ....... ........ .. ... 152 
5.2.2.3. High Street and Duke Street Arcades ......... ....... ........ ... .... 155 
5.2.2.4. Castle Arcade ...... ...... ...... ..... ... .... ... ...... .. ................ ... ...... 159 

5.2.3. Cambridge surveys .. .. ..... ......... .. ...... ... .................. ........ ......... ..... .... 161 
5.2.3.1. Lion Yard Arcade .. .. ..... ................. .............. ...... ......... .. .. .. 161 

5.3. Environmental performance .. ... ..... ... ...... ... .. ......... ..... .. .... .............. ... ........... ... 162 
5.3.1. Summer thermal performance .. .. .. ......... .. .... ....... ..... ......... ... .. .... .. ... . 1 62 
5.3.2. Autumn thermal performance ... .. ......... ..... ..... ..... .......... ... .... ...... .... .. 164 
5.3.3. Winter thermal performance .... ........... ... ....... ...... ....... .... .... ....... ....... 1 65 
5.3.4. Wind reduction performance .... ... .. ... ..... ...... .. .... : ........ .. ..... ..... ..... .... 167 

5.4. Conclusions .... ... .... .... .... ..... .................. ... .......................... .. ... .............. .... ... 1 68 

iv 



-
6. Towards an Internal Exterior ....................... ............... ......................................... 1 7 2 

6.1 Summary ......... .......... ............................................ .................................. ....... 172 
6.2 Diversity in continuity ........................................... ........................................... 17 4 
6.3 The return of the flaneur ....... .. ..... ................... ....... .......................... ..... ........... 177 
6.4 Prospects ................................................................ .......... .... ...................... .. 179 

Bibliography .. ............... ......................... '. ............................................. ...... ................. . 182 

Appendices .. .. ..... ............... ................................... ........................................... ........... 19 2 · 

Appendix A -Simulation model- ...... ........ ............................................................... 1 93 
A1 Thermal network ......................... ...... ... ... ............ ................................ 193 
A2 Capacitances .......... ................. ....... .......... ....... ....... ................... ......... 1 94 
A3 Conductances ......... ................................ ..... ..... .................................. 195 
A4 Results ............ ...................................................... ............................. 1 97 

Appendix B -Morphological analysis-....... ............................................................... 203 
B1 Cambridge .......................................................................................... 203 
B2 Cardiff ...... ........ ..... ........... .............................. .................................... 207 

Appendix C -Survey technique- .................................................................... ........ 21 O 
C1 The portable array ............................................... ... ............................. 21 0 
C2 Standard survey sheet ............................... ..... .................................... 21 6 
C3 Conductances ................. .. .. ................................... ............................ 21 8 

Appendix D -Dimensional survey results- ................... .... ............................ ... ... ...... 222 
01 Table ................................................ ........... .... .... ........................ ....... 222 
02 Summary sorted table ..... ... ..... .. ........................................................... 224 

Appendix E -Environmental survey results- ...... ............ .... ... .............................. ..... 225 
E1 Winter ....... ... ........... ............. ................................... ... ... ...... ............... 225 
E2 Autumn .. ........... .......... ....................................................................... 229 
E3 Summer ......... ... .... ....... ........................ ... ........................................... 234 

Appendix F -Survey graphs ............ .. ..................................................................... 239 
F1 London ...... ................... ..................................................................... 240 
F2 Cardiff ... .............................. ..... .... .... .......................... ... ...... ................ 255 
F3 Cambridge .. .......... ........ .. ........... ......................................................... 266 
F4 Miscellaneous .......... ...... ................................................ .......... ........... 277 

V 



TABLE OF FIGURES 

Figure 1.1 Flattening the temperature curve .............................................................. 5 
Figure 1.2 Environmental transitions ................ ........................................................ 9 
Figure 1.3 Temperature step-changes experienced by 40 subjects ... ....................... 1 0 
Figure 1.4 Transition according to Spatial and Thermal contrast... ........... ...... ............. 1 2 
Figure 1.5 Comparative neutral temperatures for free-running and 

mechanically assisted buildings ........ .. ........ ... .................... ....... .. ..... ...... . 1 4 
Figure 1.6 Table of prescribed comfort temperatures 

after Olgyay, Fanger and ASHRAE ... ....................................................... 1 5 
Figure 1. 7 Thermal Adaptive Opportunity .......................................................... ...... 1 5 
Figure 1.8 The spatial organisation of a Greek bath ...... ................ .. ...... .. ............ ....... 1 9 
Figure 1.9 Protection versus exposure and the realm of architecture .... ....... ... ...... ..... 20 

Figure 2.1 Interior versus exterior at the architectural scale ....... .. ... ............ ................ 22 
Figure 2.2 Contrasting internal versus external layer ........................ ...... .............. ..... 22 
Figure 2.3 Giedion's three space conceptions ........ ................................ ... .. ... ... ..... 24 
Figure 2.4 Complexity of transitions according to a structural vocabulary .................... 2 8 
Figure 2.5 Cite du Refuge, Le Corbusier, 1932 ........................ .......... ..................... 28 
Figure 2.6 The Barcelona Pavilion, Mies Van der Rohe, 1928-29 ........... ........ .... ...... 29 
Figure 2. 7 Envelop sketches for the Meeting House 

The Salk Institute, Louis I Kahn ............................. ..... ...... .... ........ .. ........ 3 0 
Figure 2.8 Sketches for the Fruchter House 1951, Louis I. Kahn ........... ...... ... .. .... .... 30 
Figure 2.9 Exeter Library, Louis I.Kahn ........... .................................. .... .. ... .......... .... 31 
Figure 2.1 O Combination of the three structural 

layers in House II Peter Eisenman, 1969 ................ ... ... .................... ... .. . 32 
Figure 2.11 Basic types of circulation .. .................................................................... 35 
Figure 2.12 Neue Staatsgalerie, Stuttgart, 1977-84 .... ................ ..................... ....... 36 
Figure 2.13 Transition and climate ..................... .. ...................................... .... ... .. ..... 37 
Figure 2.14 The Trulli ... .... ......... ........ .... ........ ......................................................... 3 7 
Figure 2.15 Igloo of Arctic Canada ........ ........ .............. .. ................ ........ .. ...... .. ...... .. 3 8 
Figure 2.16 Regional variability of the transition and temperate climates ..................... 38 
Figure 2.17 Positioning between two elements .. .......... ............ ......... .. .......... ... ....... 3 9 
Figure 2.18 Summary of Borie's analysis method ...................... ................. .. ..... ..... .. 40 
Figure 2.19 Proposed analysis method for the study of transitional patterns .............. 41 
Figure 2.20 Theoretical transitional patterns according to the relationship 

between two basic massive and transparent elements ....... .......... ..... ...... 43 
Figure 2.21 Seasonal thermal behaviour of transitional configurations .......... ............ .4 7 

. Figure 2.22 Summary table of the simulation results ... .... ... .. ...... .... ........ ... .............. .48 

Figure 3.1 Portion of Nolli's map of Rome ................................... .......... ... ....... ...... ... 53 
Figure 3.2 The extent of the use of the stoa at Pergamon ... ................ ..................... 5 6 
Figure 3.3 Merkatus Trajani ..... ........... .............. ......... ...... ... ...... ........ ...... ...... ... ........ 62 
Figure 3.4 The souk of Aleppo, Syria ...... .. ............ ... .. ... ... ..... ................... .. ......... .... 63 
Figure 3:5 Location plan and cross section of the Chester 'Rows' ............................ 64 
Figure 3.6 Galleria Vittorio Emanuele II, view from the dome ......... ... ................. ... ...... 65 
Figure 3. 7 Maps of Cambridge city centre, 1978, showing the 

extent of the public and semi-public realms .............................................. 72 
Figure 3.8 Plan of Queens' College, Cambridge ...................................................... 73 
Figure 3.9 Plans and permeability graphs showing the transformation of 

Cambridge city centre from 1886 (bottom) to 1978 (top) ........ .... ......... ...... 7 5 
Figure 3.10 Surface ratios, Cambridge 1886 and 1978 -sector AB ... .. .... ....... ..... ... .. .. 7 6 
Figure 3.11 Comparative chart of the number of urban spaces (vertices) 

in function of their connectivity for Cambridge 1886 and 1978 ..... .... ...... 7 7 
Figure 3. 12 Comparative table of the number of urban spaces and 

connections in function of their connectivity for 
Cambridge in 1886 and 1978 ... ........ ..................................... ........ .... ... 7 8 

Figure 3.13 Maps of Cardiff city centre, 1994, showing the 
extent of the public and semi-public realms ............................................ 79 

Figure 3.14 Plans and permeability graphs showing the redevelopment of 

vi 



Cardiff city centre from 1942 (bottom) to 1994 (top) ................................ 81 
Figure 3.15 Surface ratios for Cardiff 1942 and 1994 sector D ... ................................ 82 
Figure 3.16 Comparative chart of the number of urban spaces (vertices) 

in function of their connectivity for Cardiff 1942 and 1994 ....................... 8 3 
Figure 3.17 Comparative table of the number of urban spaces and 

connections in function of their connectivity 
for Cardiff 1942 and 1994 ................................. ..... .............................. 8 3 

Figure 4.1 Directionality ......................................................................................... 91 
Figure 4.2 Connectivity ...... ....... .. ...... ...... .............................................................. 91 
Figure 4.3 Occlusivity ... ........ .. ........................ .......... ......... ................... ...... ............ 92 
Figure 4.4 Arrays of various built forms .................... ................................................ 93 
Figure 4.5 Hypothetical environmental transitions according 

to directionality and proportion of built form ........ ........ .............................. 94 
Figure 4.6 Theoretical combinations of wind and sun conditions .... .. ......................... 9 5 
Figure 4.7 Comfort conditions for strolling a) in full sun and b) in full shade ................ 96 
Figure 4.8 Equivalent temperature differentials when moving from A to B 

in function of theoretical environmental transitions ................................... 9 7 
Figure 4.9 Graph of the equivalent temperature differentials 

in function of environmental transition patterns ........................................ 9 7 
Figure 4.10 Thermal comfort graph after modifications ......... .................... ........... ... .. 9 9 
Figure 4.11 The portable sensor array ... ....................................... ...... .. ................. 1 01 
Figure 4.12 Typical static survey graphs (Whewell's Court in 

Cambridge 22/08/95 @ 13h57) in function of time ............................... 1 O 3 
Figure 4.13 Typical dynamic survey graph 

(strolling in Cambridge 08/02/96@13h00) ........................................... 1 04 
Figure 4.14 Location of All Saints' Passage, Whewell's Courts, 

and Lion Yard Arcade in Cambridge city centre ..... ................... ........... 105 
Figure 4.15 Plans and sections of All Saints' Passage and Whewell's Courts .. ..... .... 1 06 
Figure 4.16 Spatial sequence through All Saints' Passage 

from Trinity Street towards Bridge Street... .......................................... 1 07 
Figure 4.17 Comfort conditions for three seasonal 

strolls through All Saints' Passage ....................................................... 1 07 
Figure 4.18 Spatial sequence through Whewell's 

Courts from Trinity to Bridge Street .......... ...... ..... ................ .. .............. 109 
Figure 4.19 Comfort conditions for three seasonal 

strolls through Whewell's Courts .......................... ........................ .... ... 11 O 
Figure 4.20 Plan, sections and typical bay of Lion Yard Arcade ........ ........................ 112 
Figure 4.21 Comfort conditions for seasonal strolls through Lion Yard Arcade ......... 113 
Figure 4.22 A stroll in Cardiff city centre ........................................ ..... .................... 114 
Figure 4.23 Comfort conditions for a stroll in Cardiff city 

centreon a cold overcast winter day (25/01/96) ................................... 116 
Figure 4.24 Comfort conditions for a stroll in Cardiff city centre 

on a cold sunny winter day (26/01 /96) .. .......... .. ................................. 11 7 
Figure 4.25 Seasonal comfort conditions for strolling in Cardiff city centre 

on a hot sunny summer day (14/06/96) ... ..... ....... ................. .. ............. 11 7 
Figure 4.26 Environmental conditions for strolling in Cardiff 

on a cold overcast winter day ......... ................... ... ............................... 11 8 
Figure 4.27 Environmental conditions for strolling in Cardiff 

on a cold sunny winter day ......................................................... ... ...... 11 9 
Figure 4.28 Environmental conditions for strolling in Cardiff 

on a comfortable sunny summer day ................. ...... ............ .. ... .. ..... ... . 1 2 0 

Figure 5.1 Arcade corpus in London and Cardiff ..... ..... .. .. ....... , ...................... .... ... . 124 
Figure 5.2 Location of London West-End and Cardiff's arcades ....... ......... ........ ...... 125 
Figure 5.3 Table of arcade corpus' properties sorted in ascending order ..... ............. 126 
Figure 5.4 Dates of surveys .... ..... ... .................................... .. ................................ 127 
Figure 5.5 Summer comfort conditions for the entire arcade corpus .................. ...... 128 
Figure 5.6 Autumn comfort conditions for the entire arcade corpus ........................ 129 
Figure 5.7 Winter comfort conditions for the entire arcade corpus .... ... ..... ......... .. .... 130 
Figure 5.8 Plan, section and typical bay of Royal Opera Arcade ....... ..... .. ........ .. ....... 1 32 

vii 



Figure 5.9 Comfort conditions for seasonal strolls 
through Royal Opera Arcade ..... .... ................. ..... .. .... ......... ......... ... ..... . 1 3 3 

Figure 5.10 Plan, section and typical bay of Burlington Arcade ............ .. ..... .... ...... ... 1 34 
Figure 5.11 Spatial sequence through Burlington Arcade ......... ... ... ... ... ........ ......... 1 34 
Figure 5.12 Comfort conditions for seasonal strolls 

through Burlington Arcade ....... .......... ... ... ............. ...... ... ... ................. 135 
Figure 5.13 Plan, section, typical bay, and photo of Royal Arcade ... ... ....... .............. 136 
Figure 5.14 Comfort conditions for seasonal strolls through Royal Arcade ....... ...... .. 137 
Figure 5.15 Plan, section and typical bay of Leadenhall Market ..... ...... ... ....... .. ........ 139 
Figure 5.16 Spatial sequence and details of Leadenhall Market ... .... .................. ..... 140 
Figure 5.17 Comfort conditions for seasonal strolls 

through Leadenhall Market .... .... ..... ....... .. ... ..................................... .. 1 40 
Figure 5.18 Plan, section and typical bay of Piccadilly Arcade ................... ....... ....... 1 41 
Figure 5.19 Piccadilly Arcade ... .. .... .... ......... ... ...... ... ... ...... ... ... ... .... .... ... ... .. ... ...... ... 142 
Figure 5.20 Comfort conditions for seasonal strolls through Piccadilly Arcade .......... 142 
Figure 5.21 Plan, section and typical bay of Quadrant Arcade ..... ............... ............ . 143 
Figure 5.22 Quadrant Arcade .................... ........ ........ ............ ...... ..... : ................. .. 144 
Figure 5.23 Comfort conditions for seasonal strolls through Quadrant Arcade ......... . 144 
Figure 5.24 Plan and sections of Covent Garden Market... ....... .. ........ ..................... 146 
Figure 5.25 Comfort conditions for seasonal strolls 

through Covent Garden's Central Avenue ...... ... .... ... .... ... ..... ............... 14 7 
Figure 5.26 Spatial sequence and typical bay of 

Covent Garden's Central Avenue ........... ..... .... .... ................................ 148 
Figure 5.27 Comfort conditions for seasonal strolls 

through Covent Garden's North Hall ......................... ... ....................... 1 4 8 
Figure 5.28 Spatial sequence and typical bay 

of Covent Garden's Halls .... ..... ... .... ... ... ... .................... ......... ... ....... .... 1 4 9 
Figure 5.29 Comfort conditions for seasonal strolls through 

Covent Garden Market from south to north ...... ........ ... ... ... ................. .. 1 4 9 
Figure 5.30 Plan, section, typical bay and spatial 

sequence through Royal Arcade ......... ............ ............ ... ........ ...... ...... 1 51 
Figure 5.31 Comfort conditions for seasonal strolls through Royal Arcade ... ............ 152 
Figure 5.32 Plan, sections and typical bay of Morgan Arcade ................. ....... ... ....... 153 
Figure 5.33 Spatial sequence through Morgan Arcade .... ........ .... ..... .... ... ..... ... ....... 1 54 
Figure 5.34 Comfort conditions for seasonal strolls through Morgan Arcade ... ....... .. 1 54 
Figure 5.35 Typical bays of respectively High Street 

and Duke Street Arcades .. .. .. .... ................. .. .. ... ..... ................... ... ... ... 156 
Figure 5.36 Plans and sectionsof High Street and Duke Street Arcades .................. 15 7 
Figure 5.37 Comfort conditions for seasonal strolls 

through High Street Arcade ......... .......... ............................................. 158 
Figure 5.38 Comfort conditions for seasonal strolls 

through Duke Street Arcade .... .................... ...................................... 1 5 8 
Figure 5.39 Plan and sections of Castle Arcade ........ ...... .... .......... ......................... 159 
Figure 5.40 Entrance passages and typical bays of Castle Arcade ...... ..... ..... ........... 160 
Figure 5.41 Comfort conditions for seasonal strolls through Castle Arcade .. ......... .. . 160 
Figure 5.42 Summer maximum temperature differentials between streets 

and arcades in function of arcades opening to volume ratios ......... ..... .. . 1 6 3 
Figure 5.43 Autumn maximum temperature differentials between streets 

and arcades in function of arcades opening to volume ratios ........ ..... .. .. 165 
Figure 5.44 Winter maximum temperature differentials between streets 

and arcades in function of arcades opening to volume ratios ......... ....... . 1 66 
Figure 5.45 Air movement reduction between streets and arcades 

in function of the arcades opening to volume ratios .. ....... ... ..... ... .. ..... ... 1 6 7 
Figure 5.46 Summary table of seasonal environmental performances ........... ..... .. .... 169 

Figure 6.1 Environmental stimulus versus receptivity of the individual .... ....... .. ....... . 173 
Figure 6.2 Transitional patterns for an integration by equality ........... ....... .... ............ 175 

vii 



Introduction 

Introduction 

Of the changes that have occurred in urban pedestrian life since the 1950s, the most significant 

is probably the result of the burgeoning development of interior public places. Enclosed 

pedestrian environments offer protection from the weather, a valuable attribute at certain times 

in virtually all climates, but they create abrupt changes in the urban environment and deprive 

pedestrians of positive stimuli that would increase the overall experience of architecture and the 

city as a continuous fabric. The haptic and basic-orienting system play a major role in the 

perception of complex spatial sequences and need more subtle transitions to favour a gentle 

adaptation to a continuous new environment. Enclosures can also have unwarranted 

consequences through the privatisation of pedestrian spaces, resulting in' limited access, 

controlled use, and ultimately, when duplicated over an entire district of a city, the loss of 

permeability that was at the very origin of these spaces. 

The nineteenth century saw the creation of new types of spaces, made possible by the 

introduction of glass and steel structures, challenging architectural precedents. Galleria, 

conservatories, exhibition halls, train stations, indoor markets, winter gardens, and arcades 

contributed to render the city more enjoyable to pedestrian under any weather conditions 

through gentle environmental transitions. Twentieth century architecture inherited from the 

exploration of glass and steel transparency and many of the nineteenth century precedents are 

being rediscovered . However, the nai"ve pretension to spatial continuity by visual transparency 

led architects to design spaces completely isolated thermally from the exterior. New types of 

places were created on the basis of the need for complex, high density urban developments 

that often coarsens permeable historic urban fabrics. Improved HVAC technologies allow the 

creation of a totally controlled interior pedestrian environment that dramatically changes the 

contemporary use and experience of the city which historically depended on spatial qualities, 

micro-events density, as well as the micro-climate of the urban space. The presumption that 

interior pedestrian spaces must be thermally neutral by all means of heating and air-conditioning 

greatly contributes to the overall energy consumption of contemporary cities and the current 

trend towards iriteriorisation. 

The mechanisation of architecture and movement has played an important role in the 

interiorisation of the city and the current individualism of the urbanites. The new urban 

environment has created a complete segregation between interior and exterior. The interior is 

becoming excessively comfortable by mechanical means, whilst the exterior is getting 

excessively uncomfortable due to fast motorised movement. There must certainly remain a 

place offering the correct stimulation by environmental diversity to avoid such introversion of the 

individual and favour more convivial urban places. This thesis is about the importance of 

acheiving environmental diversity in the city through the variables of architecture and 
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movement. More particularly, it investigates the thermal environment of free-running transitional 

urban spaces such as arcades and other urban forms such as passages and courtyards that 

preceded them. These historic urban elements that provide protection from the weather, also 

create an environmental ambiguity that nowadays lacks in totally enclosed public places. 

Arcades, whether publicly or privately owned and managed, are exterior spaces and yet interior 

spaces on many aspects. They lay at the threshold between the architectural and the urban 

dimensions by their environment, scale, and degree of publicness and enclosure. 

This dissertation is organised in six chapters. Chapter one defines the process of environmental 

perception and adaptation, and exposes the reasons for the creation of environmental diversity 

in the built form in terms of comfort. Chapter two explores theoretically and practically the relation 

between architectural forms and environmental transitions. It proposes a theoretical transitional 

typology based on the basic interrelation of a massive and a transparent element. A computer 

simulation highlights the environmental diversity generated by these basic configurations and 

allows to speculate on environmental transients and adaptive behaviour of the users through 

movement. Chapter three takes the transitional spaces to the scale of the urban realm. Through 

the morphological analysis of the transformation of two city centres, the effect of the 

mechanisation of architecture and movement are assessed and discussed. Chapter four 

proposes a theoretical mean to quantify environmental transients in function of wind and sun 

exposure. It also introduces a practical survey method to assess the extent of environmental 

diversity of different urban elements. Chapter five investigates the thermal behaviour of the 

arcade building type through extensive surveys in Cardiff and London, and discusses the 

results in terms of adaptive opportunity through progressive thermal transients. Chapter six 

summarises the previous chapters and concludes on the importance of environmental diversity 

in the urban realm. 

The author's interest in the subject grew out from a previous experimental thesis (Potvin, 1993) 

on the integration of the wind factor in transitional spaces. Study travels allowed for an 

appreciation ·of the diversity of transitional means according to climate and culture. This thesis 

has developed through an eclectic collection of means: direct experience, focused 

observation, monitoring , sketching, photography, video, discussion with shop tenants and 

customers , formal and informal questionnaires and extensive consultation of books, journals 

and articles, archives, and reports. The orientation throughout is that of a reflective architect 

constantly trying to understand the role of architecture in the vast urban context, in order to 

speculate about its future. The multifaceted approach is therefore hardly 'scientific' in the strict 

meaning of the term, but it does acknowledge the specificity of architectural research . As 

Hawkes puts it: 
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''The role of scientific research in architecture, as opposed to building science, is 

primarily to work upon what have been called the "animal of architecture": first to 

establish a morphology of architectural form and then use the tools of building 

science and other methods of analysis to make explanatory statements about the 

relationship between form and performance." 

(Hawkes in Steadman, 1983) 

The results, although extensive, are not definitive due to the innovative approach to a complex 

problem, but they clearly engage a discussion on the experience of the city. Ultimately, the 

research reintroduces the importance of all five senses in the current debates on architecture, 

urbanity and environmental sciences. 
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1. On Environmental Diversity 

Environmental perception relates closely to the nature of the climate. In an interesting essay 

about the coming of springtime, Iyer (1996) reckons that a world without seasons is as unnatural 

as a person without moods. Seasons, the variation of weather, relate us to time and space. They 

teach us that suffering is inevitable, and that this inevitability is a constancy that helps us take 

the edge of suffering. Seasons induct us into a world of division that is rarely hard and fast. On 

the contrary, seasonal divisions appear to be rather slow and soft. These subliminal transitions 

offer lessons about constancy and flux and suggest that there are some things that we cannot 

much affect or change. Seasons therefore inform about transitions, for winter elides slowly into 

spring. And just when we assume that winter is gone, an unseasonable blizzard will come down 

to remind us we were wrong. Though the pattern of the skies is still felt on the pulse and in the 

bones of every farmer and nomad, those of us immured in fourteen-story office blocks, under 

fluorescent lighting and sealed windows, need Easter eggs to remind us of the day. In the 

absence of external rhythms, people seem to try to make their own individual ones. Seasons 

offers stability though a constant instability. The acceptance of seasons enforces the sense of 

continuity and history of a community. In this way, a society can function like an orchestra, each 

person playing his part while attending to a common score. As Iyer puts it: "A country with a 

sense of seasons has greater respect for the old, and a clearer sense of tomorrow." Olgyay, in 
his seminal work Design with Climate, expresses very simply this variability of environmental 

conditions in time and the means the Homo Architector has developed to lessen it over the 

history. The four curves in figure 1.1 refer to: a) the exterior environmental conditions, b) the 

microclimatology, c) the climate balance of the structure, and d) the mechanical heating or 

cooling on the interior environment. 

a Legend: 
b 

C a) Enviromental 
conditions 

d 
b) Microclimate 70° 

c) Structure 

d) Mechanical heating 

a or cooling 

Figure 1.1 Flattening the temperature curve (from 0/gyay, 1963, p.11). 

The evolution of comfort theory and building science have deeply influenced the design 

process and the environmental expectations by people. Environmental determinism share a 

great part in the current interiorisation of architecture. 
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''The quest for an Ecological Functionalism should be based on a more primitive and a 

more refined architecture meeting the needs of contemporary society and adapting to 

the cyclic systems of nature in terms of matter and energy. " 

(Palaasma, 1993) 

Palaasma's affirmation implies an investigation of this deterministic nature of our current practice 

of architecture. It demands a better understanding of the diversity and variability of 

environmental stimuli and the way people and buildings adapt to those stimuli. Transitional 

spaces which are neither internal nor external have the power to generate more refined 

articulations between interior and exterior and favour thermal adaptation of both individual and 

built form to the variability of the environment. The ambiguous nature of these spaces escape to 

the current deterministic approach to thermal comfort theories and therefore asks for an 

investigation of the environmental measurability and effect on people and buildings. 

Achieving thermal diversity should be part of the design process and increase its creative 

potential without impairing comfort. Where environmental determinism led to uniformity, 

environmental diversity could lead to a more diversified, flexible, and climate-responsive 

architecture. This thesis has been supported by Hawkes in his previous works on the selective 

versus exclusive mode of environmental controls (Hawkes 1976, 1981 ). Thermal diversity can 

be achieved through the introduction of enclosed bioclimatic spaces such as enclosed atria and 

conservatories and has been the subject of most past studies. Recent projects have 

demonstrated the revival of the atrium type of architecture for obvious economical and 

marketing value but their complex energy behaviour and thermal buffer roles are often 

overshadowed by their mechanical air-conditioning (I EA-Task IX, 1991 ). However, not so well

defined transitional spaces like passages, courtyards, and arcades are unique places to 

experience thermal diversity through adaptation since, by definition, they imply moving across 

different places. The proposed environmental diversity is not the simple variation of 

environmental stimuli in a single space, but the one brought by the creation of one or several 

transition zones between the inside and the outside. 

Transitional spaces are characterised by their own thermal behaviour and are essentially 

influenced by the interior/exterior variations. Here, the user of the space has little impact on the 

performance of the space unlike internal spaces where ones can interact more easily to control· 

the ambience. 

1.1. The deterministic nature of building science 

Until the development of new technology in the nineteenth century, the quantitative 

expression of design objectives was barely practiced. With the advent of the central heating, it 

became necessary to establish criteria for indoor comfort and a basis for calculation. Being then 
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capable of defining goals quantitatively, it influenced the whole design process. Along with the 

parallel and frequently related developments in the technologies of construction and 

equipment of buildings, this growth in our skills of specification and prediction has been a 

fundamental force in the determination of the nature of the built form (Hawkes 1976, p.471 ). 

The development of indices of personal warmth and the evolution of methods of heat loss 

calculation were initially based on air temperature, but the discovery of the significance of 

thermal radiation led to the much more complex concept of resultant temperature (Billington 

1987, p.241 ). The growth of the quantitative expression of the design objectives necessitated 

the development of new means to check the performance of designs. Unfortunately, design 

aids frequently represent a compromise between accuracy and applicability, and simplify views 

of complex phenomena. The evidence of the indeterminacy of the findings of research into 

human environmental comfort is paradoxical to the deterministic effect and emphasis of much of 

the building science on twentieth century architecture where "Form follows Function" was 

charged with deterministic implications. In environmental design, the model's crucial failing is its 

inability to acknowledge that the goal of comfort can be achieved in many ways, both in terms of 

the values attached to the design parameters and the architectural and technological means by 

which comfort is provided. The reality of architectural design is extremely complex and demands 

attention against falling into oversimplification. 

Ultimately, with the emergence of energy conservation preoccupation, this determinism led to 

the creation of the deep-plan building type rejecting the outside environment and the possible 

negotiations with it. This highly determined stereotype could no longer fulfil a creative role in 

design. On the other hand, vernacular buildings were complete environmental systems which 

had evolved slowly by a kind of architectural natural selection and adaptation to environment and 

offered a great deal of environmental diversity (Hawkes 1981, p.22). The development of 

selective, energy-conserving design thus depends upon the cost-effective exploitation of 

ambient energy without incurring any penalty in terms of environmental discomfort. Architecture 

should contr.ibute to our experience of the world with sensory stimuli rich in capabilities for plural 

uses instead of the current monofunctionality derived from our deterministic approach to 

environmental science (Neukermans 1993, p.362). 

Past and actual energy conservation policies insist on the importance of energy savings in· 

architecture. In fact, buildings are not built to save energy, they are built to convert energy and 

other physical resources to produce functional conditions and provide a pleasant and healthy 

environment. Building performance can only be assessed by considering simultaneously 

energy, comfort, and the variability of the ambient environment. Hardy and O'Sullivan observe 

that: 

''The fact that we need daylighting for life is the main dilemma in environmental 
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science. In naturally daylite buildings, the demand for heating and cooling is 

determined mainly by changes in the external environment, which can vary 

considerably whilst in buildings designed for permanent artificial lighting, the 

influence of the external thermal environment can be reduced to such an extent 

that this becomes a minor factor". 

(Hardy and O'Sullivan in Hawkes, 198t, p.2) 

Free-running transitional spaces could play a major role in energy conservation by stimulating 

the adaptive process of the individual without impairing comfort and mitigating the exchanges of 

the variable ambient environment with the interior space. The extra amenity provided by the 

transitional space can be occupied by the users, more or less sedentary, according to its thermal 

conditions. 

1.2. The environmental perception 

The properties of our environment are only perceivable by our senses. Throughout history, 

there has not always been agreement on the number of senses and their relative importance. 

The five primary senses of sight, hearing, taste, smell and touch originate from Aristotle who 

wanted to relate each of them with the natural elements. Since Plato, sight has been the most 

venerated sense in the Western world but anthropology made the evidence that different 

cultures possess different ways of making sense of their environment (Classen 1993). For the 

Tzotzil of Mexico, heat constituted the basic force of the cosmos. Their world was therefore 

ordered according to temperature; their major task being to maintain themselves and their 

immediate environment at a proper temperature level. For such society, the sense of touch 

should have been very important. By focusing mainly on visual stimuli , Western civilisation 

remains ignorant of the important function and symbolism of the other senses (Classen 1993, 

p.7). The Gestalt psychology of visual perception had in this respect an important effect on the 

development of the Modern Movement in architecture. By giving so-called "experimental 

evidence" that human tendency is to simplify complex visual stimuli, the Gestalt theory 

encouraged the simplicity and isotropy praised by the Modernists (Bloomer and Moore 1977, 

p.32). 

Gibson (1966) affirms that the five senses overlap one another and are not exclusive so that the 

study of a particular comfort conditions can not exclude the incidence of the four others. 

Moreover, to express their systemic nature, he redefines the list of the senses as the visual 

system, the auditory system, the taste-smell system, the basic-orienting system and the haptic 

system. They work only when stimulated and the environment, natural or artificial, is the source 

of all stimulation (Gibson 1966). 

The experience of space in architecture is dynamic with periodic or constant movement 
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between areas of a building or between inside and outside. By moving to an adjacent space, the 

occupant becomes aware of the dominance of a new environment. This phenomenon of 

transition may be developed to provide a sense of continuity or a sense of contrast in the 

environmental stimuli that are the degree of brightness, temperature, sound and air flow. Figure 

1.2 illustrates that when moving from a space where the environmental condition is inadequate 

to a space where it is greater in intensity, a sensation of comfort is felt. If in successive steps or in 

a steep change the stimuli increases too much, the positive sensation wanes and becomes 

negative. An occupant is thus momentarily conscious of a positive change in his environmental 

conditions, followed by a neutral step where the comfort range is attained and then a negative 

change. 

Inadequate 

darkness 

extreme 
cold 

extreme 
silence 

stagnant 
air 

+ 

ENVIRONMENTAL STIMULUS 

... 

Neutral 

COMFORT 
RANGE 

+ 

Excessive 

glare 

extreme 
heat 

extreme 
noise 

drafty 
air 

Figure 1.2 Environmental transitions (from Flynn et al. 1992, p. 110) 

The conditions in a space will therefore be judged differently by two users if they experience the 

sequence in opposite directions. The subjective judgements of environmental conditions are 

always affected by the preceding environmental condition or reference level. When the 

environmental conditions change very slowly, below the threshold of sensation, the change 

may be subliminal. The body mechanisms tend to adapt to accommodate each successive 

change, making the subjective effect almost imperceptible. This phenomenon of adaptation 

occurs both in increasing and decreasing of a stimulus. Thus, when environmental continuity is 

required , changes in the intensity of different environmental stimuli should be subliminal to 

avoid the sensation of discomfort. 

Gibson recognised that all five senses are working together in actively seeking information but, 

he postulated that the basic-orienting and haptic systems are particularly relevant to the 

perception of the third dimension since they encompass the entire body (Aspinall, 1993, 

p.335). By placing the entire body at the centre of the perceptual experience, he affirms that no 

other sense deals as directly with space as the haptic-orienting system, engaging 

simultaneously feelings of temperature and movement. Thus, the movement between spaces 

of different thermal conditions must have a profound effect on our perception and appreciation 

of the environment. 

9 



On Environmental Diversity 

1.3. Thermal transients 

Few researchers have studied the dynamic impact of environmental variation on the sensation 

of comfort. Knudsen and Fanger (1990) investigated the impact of temperature step-changes 

on thermal comfort in a climate chamber. This study demonstrated that there is a greater 

sensitivity to cold steps than to warm steps. (fig . 1.3) Moreover, it also highlighted that the 

speed of adaptation to a new environment depends on whether the step change is directed 

away or towards neutral conditions as suggested by the acceptability vote. For the two step

changes away from neutral, the acceptability decreases to below the steady-state level, and at 

least 20 minutes is needed before the votes reach the steady-state level. This is in contrast to 

the step-changes towards neutral, where the steady-state level of acceptability ls reached within 

five minutes. 
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Temperature step-changes experienced by 40 subjects 
A) Temperature profile, 8) Mean thermal sensation vote, 
and C) Acceptability vote. (from Kundsen et al. 1990} 

In both cases, the immediacy of the thermal sensation response to temperature step-changes 
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supported the hypothesis that it is the rate of change of the skin temperature rather than the 

actual skin temperature that is responsible for thermal sensation during fast thermal transients in 

the environment. Knudsen concludes that behavioural thermoregulation may be more 

important for survival in cold environments than in warm environments. High sensitivity to cold 

steps is probably a warning meant to trigger an early reaction of the human behaviour to prevent 

a cooling, which in the long run, might be unpleasant or even hazardous to health. Knudsen's 

conclusions suggest that it might be more important to prevent important cold steps when 

moving from one space to another than warm steps, since the latter is more likely to trigger a 

behavioural response than the former. Extreme behavioural response such as increasing the 

metabolic rate by faster movement, may have serious effects on the perception of space, social 

behaviour, and the overall environmental satisfaction. 

1.4. Biological analogy 

The analogy to physiological adaptation is particularly interesting in architecture. It deals with an 

organism's adaptation to environmental changes over periods ranging from minutes to weeks 

and years (Steadman 1979). The building is therefore seen as a living organism which role is to 

adapt to the changing nature of the environment. As a scientist may produce 'idiot cells' that can 

only survive under the laboratory conditions, the architect has the choice to produce 'idiot 

buildings' that will need immense input of energy to control the environment, or 'living buildings' 

that will deal with environmental changes according to self-regulatory mechanism (Potter 1971, 

p.172). Transitional spaces act in that sense by mitigating and filtering the variable ambient 

environment. 

The biological theory of adaptation states that an optimum environment should not be constant, 

but should provide an optimum range and frequency of change (Potter 1971 ). A constant 

external environment that exercises the adaptive capacities the least, is absolutely undesirable 

to the health of animals. Richel (in Potter 1971, p.120) outlines that the apparent stability of an 

organism exists only because it is modifiable. The light instability is the necessary condition for 

the true stability of this organism. 

"The living being is an agency of such sort that each disturbing influence induces 

by itself the calling forth of compensatory activity to neutralise or repair the 

disturbance. The higher in the scale of living beings, the more numerous, the more 

perfect and the more complicated do these regulatory agencies become. They 

tend to free the organism completely from the unfavourable influences and 

changes occurring in the environment." 

(Fredericq 1885 in Potter, 1971) 

Biology suggests that the fixed thermal comfort level, as conceived by modern science, can be 
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rephrased as being an optimum frequency and amplitude of change in the environment. The 

necessary instability means that the bui ld ing can offer different kinds of acceptable thermal 

conditions suitable for the occupants, since they possess the ability to adapt to a certain range 

of environmental conditions. Transitional spaces favour such regulatory systems by introducing 

thermal diversity. 

1.5. Spatial and environmental diversity 

Environmental stimuli, brightness, temperature, sound and air velocity are dependent upon the 

configuration and physical properties of a particular space. Arnheim (1977, p.156) decribes a 

dynamic architecture in these words: "The visitor experiences not only a sequence of sights but 

the constant gradual transformation created by perspective and lighting iri every wall and 

constellation of elements." In fact, depending on the geometry of a space, people may expect 

particular environmental conditions. A narrow space could, for instance, incite movement and 

discourage a sedentary activity. People will therefore not expect this environment to be close to 

sedentary comfort level, and could accept lower or higher stimuli. 

Figure 1.4 establishes, although theoretically, some possible combinations emerging when 

varying the thermal contrast versus the spatial contrast. The aim is to express the combinatory 

effect of spatial and thermal diversity. The contrast is defined as none, subliminal or abrupt. 

Spatial stimulus is symbolised variable diameter whilst thermal stimulus is illustrated by a variation 

in shading. 
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Figure 1.4 Transition according to Spatial and Thermal contrast (from the author}. 

These spaces may describe the relationship between interior and exterior at different seasons 

or relationships between interior spaces. The global thermal-spatial contrast increases from the 
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upper-left corner where it is minimal, to the lower-right corner where it is maximal. At this point, 
e,ivir.,rime,,t .. , . rry '3f'<i\C.e. 

the transition is too abrupt and an irrle.rmed1«is necessary to manage the environmental contrast. 

The transition is illustrated as an intermediate volume in section but it may take a wide range of 

spatial configurations favouring different functions according to its thermal conditions. The 

geometry and thermal properties of the transitional spaces should minimise thermal contrast 

between inside and outside, and favour diversity of occupancy without impairing comfort. 

1.6. Comfort criteria and adaptation to environmental diversity 

The non-enclosed nature of transitional spaces does not allow for strict environmental control. 

Even though, the discussion of current comfort standards should precede the thermal 

assessment of transitional spaces to establish later rough comfort boundaries. The current fixed 

standards are not immutable, and in the context of sustainability, they constitute a major 

limitation for the creation of a more diversified thermal environment. Thermal comfort studies 

traditionally take place either in controlled climate chambers, or in real environment. Generally, 

climate chambers tend to be more restrictive on the range of thermal comfort zone, since several 

very complex parameters altering comfort sensation are missing. However, many researchers 

have recognised the potential for a wider range of thermal comfort zone and the advantages of a 

more diversified environmental stimulus. Bedford (1948), who conducted extensive 

experiments on subjects in controlled environmental chamber, comes to the conclusion that: 

"(. .. ) one does not need to specify an absolutely uniform thermal environment for 

thermal comfort for sedentary subjects. We do not need to simulate the carefully 

controlled uniform conditions obtained in the experimental climatic chamber in the 

interests of the thermal comfort of the occupants of a building. On the contrary, 

there is evidence that a non-uniform thermal environment is to be preferred" 

(Bedford 1948 in Chrenko 1974, p. 144). 

In the field of visual comfort, the Glare Index has already been modified for daylighted buildings, 

since there appears to be a greater tolerance to mild degrees of glare from the sky seen from 

windows than to glare coming from an electric source of equal brightness (Chauvel et al. 1980 in 

Robbins 1986). The degree of discomfort glare due to the sky seen through a window can be 

predicted by the Cornell large-source glare equation supported by Hopkinson's field studies. 

Thus, for a given source luminance, the allowable glare index from daylight is greater than for an 

equally bright electric light source (Robbins 1986, p.240). The Modified Daylight Glare Index has 

proven that free-running architecture needs a different environmental approach. Transitional 

spaces are passive and a relaxation in the performance objectives could be greatly beneficial to 

thermal comfort, which is as subjective as visual comfort. There has already been several 

revisions of our comfort criteria in history. According to Cowan (1980), drifting norms of dress, 

activity level, and advanced heating/cooling technologies have contributed to decrease the 
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physiological process of adaptation and led to a continuous increase of comfort standards 

during the last century. Adaptation is essential to biological, physiological and cultural evolution. 

Transitional spaces favour both building and users adaptation to new environment. 

Fanger's equation is based on a very objective heat loss and gain balance occurring in 

environmental steady-state conditions. It is therefore very deterministic in the sense that for 

identical activity, clothing level, air movement, humidity, and radiant temperature a unique 

temperature will afford comfort. Giving a PPD of 20%, the comfort range widens but remains 

quite narrow, leaving no room for adaptation. 

Humphreys (1975), on the other hand, demonstrated conclusively the · phenomenon of 

adaptation in his compared fields studies of thermal comfort responses in bioclimatic and 

mechanically controlled buildings. Figure 1.5 shows the non linearity and variation of comfort 

range according to ambient conditions. 
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Figure 1.5 

Monthly mean outdoor temperature °C 

Comparative neutral temperatures for free-running and mechanically assisted 
buildings (from Humphreys, 1975) 

When they choose to, people can adapt over very wide ranges of thermal environment. This 

may be explained by a seasonal acclimatisation of the body to high summer temperatures even 

though acclimatisation can not really be proved physiologically (Baker, 1994). Humphreys 

concluded that "very close control would confer little advantage, a range of some ±4°C being 

almost as good as steady temperature". The quantifiability of thermal adaptation by field 

experiments is very complex when significant temporal variations in temperature take place 

through movement. More recent studies have investigated the user's reaction to thermal 

transition as encountered in passiye buildings. A 5°C regular hourly increase or decrease in 

temperature seems to be perceived as a steady-state condition by the users. During quick 

changes such as those occurring when transiting from north to south zone, the change is 
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sensed immediately at the threshold of the spaces, followed by a return to a steady state level 

(Knudsen et al. 1990). These results, derived from thermal comfort studies for indoor 

conditions, prove that the adaptability of people is impressively more important than what the 

actual standards suggest. Figure 1.6 summarises comfort levels as prescribed by Olgyay, 

Fanger and ASHRAE. 

SEASONAL TEMPERATURE RANGES 
AUTHOR SUMMER WINTER 

Min. Max. T° ranqe Min. Max. T° ranqe 
Olgyay 1963, p.19 21, 1 27,2 ± 3,1 20,2 24,4 ± 2,1 
Fanger ISO 7730 23,0 26,0 ± 1,5 19,0 24,0 ± 2,5 in Gouldina 1992, P.63 
ASHRAE 1989, p.8-14 22,5 26,5 ± 2,0 20,0 23,5 . ±1,8 
Mean value: 24,4 + 2,2 21 ,8 + 2,5 

Figure 1.6 Table of prescribed comfort temperatures after Olgyay, Fanger and ASHRAE. 

These prescriptions are essentially similar but differ greatly from Humphreys and Knudsen's 

observations. Baker (1994) introduces the notion of 'adaptive errors' to explain the important 

discrepancy between predicted comfort and field observations represented respectively by the 

works of Fanger and Humphreys. The application of the 'adaptive opportunities' theory 

suggests that a 76% dissatisfied population could be lowered to as low as 17,5%. A more 

modest assumption would suggest a 35,7% reduction (Baker 1994). Figure 1.7 schematises 

the thermal variability of a passive building compare to a mechanically controlled one and the 

proposed widening of the standard comfort zone by adaptive opportunity. The darkest zone 

represents the dissatisfied population. 
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Figure 1.7 Thermal Adaptive Opportunity (after Baker 1994). 
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The thermal conditions of the mechanically controlled building fall inside the neutral zone and 

do not offer any 'adaptive opportunity'. This narrowing of the variability of environmental stimuli is 

symptomatic of modern building science where users expect to inhabit building with consistent 
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and stable comfort conditions. Evidence shows that such controlled conditions reduce the 

adaptability of the subject and increase the irritability and sensibility to other stimuli. The 

adaptability could increase if users would understand and expect the thermal behaviour of their 

environment. Occupants encourage changing conditions as a stimulus for activity. They accept 

a greater variability in natural phenomenon than in artificial environmental systems. As noted by 

Heschong (1979), in spite of extra physiological effort required to adjust to thermal stimuli, 

people definitely seem to enjoy a range of temperatures. Not only is this range tolerated without 

comment, it is sometimes deliberately sought. Tl1e benefit that society as a whole can expect 

from conditioning building is usually thought to be measurable by the increased productivity of 

its occupants. In fact, no such dependence of productivity on thermal environment has ever 

been found for manual tasks up to the threshold of thermal stress. States of ·slight discomfort 

may even increase alertness. Management science studies indicate that local motivation factors 

can override the thermal environment in determining the level of productivity. When the general 

environment meets the occupant's expectations, the absolute value of that environment 

appears to be of relatively little importance to productivity (Fisk 1981 ). 

In the future, people may have to exercise the adaptation process for economic reasons if not 

for ecological ones. The evidence is that in the absence of no easier alternatives, people prefer 

to adapt than remain uncomfortable. This supports McHarg's assumption that there is a unity of 

ecology and economics in term of energy utilisation and the adaptation of organisms to their 

environment (McHarg 1971, p.307) . Response to thermal diversity involves change in 

behaviour, clothing , food consumption , organisation and timing of activity and social standards. 

Such thermal response could develop into daily patterns, like working in the morning and 

resting during the hottest part of the day. Passive environments involve temporal and spatial 

adjustment of activities, a process related to the re-evaluation of the lifestyle of the individual 

(Takhar 1987, p.11 1 ). Such drastic changes could be quite difficult to implement in a near future 

but consideration ought to be given to means by which simple adaptive opportunity can yield 

rewards in architecture. A definition of appropriate opportunities for users to influence building 

energy use should result in an increased satisfaction and optimal energy use (Kantrowitz 1984, 

p.31 ). 

The concept of thermal comfort at various environmental conditions remains at the core of 

environmental science debates. Elder and Tibbott (1981 in Newsham, 1990) affi rm that the 

evidence to support the idea of pleasure in varied thermal stimulus is outweighed by the 

evidence against it. McIntyre (1980, p.129) suggests that 'thermal pleasure' is only attained 

when associated with the relief of discomfort. Only very short-lived thermal stimuli, so that there 

is no prolonged variation in perceived temperature, can be pleasurable no matter what the 

overall comfort state. This thesis does not pretend to close th is very specialised debate on the 

prediction of thermal comfort but rather explore it from other end, which is the existing built 
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environment, by surveying environmental conditions and people's behaviour to contribute 

architecturally to the discussion. 

1.7. Conclusions-Learning from the Greek baths 

Historic evidence has shown that the evolution of a civilisation is greatly influenced by the way its 

people feel the world. Among western civilisations, the visual sense remains the major 

instrument of communication. However, for others like the pre-Colombian civilisations, the world 

was ordered according to the thermal attributes of their pairs and artefacts. For them, life was a 

constant struggle to preserve their thermal balance with the environment. Such people would 

hardly understand our extremely isotropic occidental world since the modern civilisation is 

incessantly working towards the neutralisation and the levelling of environment diversity. In 

doing so, it negates the human's ability to adapt in a pleasurable way to an ever-changing 

environment, which is the very mean of the evolutionary process. 

Being, in biological terms, means to stay in balance with the environment. Except for our short 

stay in the womb where temperature, light, sound and smell is preserved to a constant level, the 

human life is effectively a constant adaptation to the changing conditions of its environment. 

This adaptation within a certain range of environmental stimulus is essential to its stability and 

development. Placed in the open, the body has to adapt, or it wanes. However, when the 

environmental stimulus impinges a variation beyond the body's adaptable limits, the introduction 

of an intermediate buffer is necessary and takes the form of clothing, or ultimately in higher 

species, the edification of a more physical boundary. Heidegger (1964) suggests that being, to 

be on earth as mortal , means dwelling or admitting and installing the earth, sky mortals and 

divinities in space in order to spare the earth. Human being is therefore meant to inhabit a space 

that should bring into a balance the macro and microcosms. Dwelling is therefore more than the 

mere exclusion of the exterior and the creation of a distinct interior, but rather involves the 

creation of a filter acting simultaneously as bridge or buffer to welcome or mitigate the 

environmental stimuli where it can not be dealt by the individual's own mechanism. Nowadays, 

after mechanisation took command, environmental stimulus tend to be levelled to satisfy the 

anonymous user, inhibiting the individual 's own responsibility and capability to adapt to a wider 

range of environmental experiences. This deterministic control over comfort encouraged the 

suppression of transitional spaces between inside and outside, that could have stimulated the 

adaptive process and produced a delightful thermal and spatial experience. There is certainly 

room for a more individualistic and holistic approach to thermal comfort. 

Ancient civilisations have shown great inventiveness in exploiting the pleasures of thermal 
' 

adaptation. The Greek bath illustrates this point. By opposition to the later Roman bath, it did not 

possess any mechanical devices nor ducts apart from local radiant sources to heat up the rooms 

thus relying almost entirely on correct spatial orientation to the elements. The Greek bath was a 
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genuine bioclimatic building. The diverse and excessive thermal conditions in the bath suggest, 

not unlike McIntyre's explanation, that comfort is in fact a very short lived experience happening 

only when our body adapts happily to a new environment. The ancients understood that the 

pleasurable experience of the bath relies mainly on a thermal adaptive scenario from cold to 

warm while crossing different rooms. The bath recreates by analogy the return journey from the 

terrestrial vulnerable world to the protective womb. The initiative thermal adaptation represents 

the ultimate communion with air and water and the being through architecture. Figure 1.8 

illustrates the structure of a typical Greek bath. 

Coming from the chaotic street through the atrium, the user first undresses in an unheated 

timber framed room. He then emerges in the noisy frigidarium (to be cold) where he can swim in 

the large cold water pool or proceeds directly to the tepidarium (to be tepid), a smaller vaulted 

space full of sunshine, in order to acclimatise to the heat and silence of the bath. In cold 

climates, one would enter directly into this room unless he had previously warmed up in the 

palestra. In such case, he would enter directly into the sudatorium (to make sweat). The 

sudatorium, provided with a hot stone, is a small vaulted centred room oriented south-west. By 

splashing water on the stone, water vapour melts with the hot air and favours the sweating of the 

body. The vaulted shape of the ceiling helps the convective movement of the water vapour as it 

rises and falls back along the vault. The high degree of humidity of the sudatorium is a mid-state 

between the ambient dry air and the hot bath in the caldarium (to be hot) which is accessible 

through a low and narrow doorway. The caldarium is the deepest room of the internal path inside 

the bath, and also the hottest, the temperature being close to the internal body heat. It is often 

projecting south-west with large windows or well protected in the core of the building. The 

spatial shape is centred and again vaulted to help the circulation of hot-humid air. Here, the 

bather is expected to lay in hot water or in any case do little movement, since the room 

temperature does not favour any other production of bodily heat. Coming back from the 

caldarium, the bather passes through the tepidarium again to get acclimatised to cold , and then 

plunges in the cold water of the frigidarium, his point of departure, and resumes to increased 

body activity and more social encounters. The frigidarium is the largest unheated room of the 

bath and usually faces north. Finally, he proceeds to the basilica, a large social hall of oblong or 

corridor like space, to wonder about while chatting. 
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Legend: 

A- Atrium (entrance) 

B- Basilica 

C- Caldarium 

F- Frigidarium 

P- Palestra 

T- Tepidarium 

S- Sudatorium 

The bath stimulates both the haptic (touch) and basic orienting systems (movement) which are 

exceptional tools to apprehend space. Starting from the ambient conditions, the bath is a 

succession of transient thermal and spatial states, culminating in the immersion of the entire 

body in hot water. Besides the thermal experience, the bath was also a highly social affair where 

the social being was progressively returning back to the private state of the womb. And this is 

what should be noticed of the bath: the spatial and thermal environments suggest the 

occupation and degree of socialness. A small and centred space suggests introversion and 

privacy, associated with warmth, whilst a large or elongated space relates to extroversion and 

social contact, associated with coolness. The bath demonstrates that thermal comfort is more 

than the mere pursuit of a static comfort level, but rather a complex phenomena involving the 

movement through spaces, the intrinsic geometry and orientation of those spaces, and the 

activity to be performed. The pleasurable thermal experience of the bath is the essence of its 

existence and depends on human capacity and willingness for thermal adaptation through 

transition. The success of the bath suggests that such transitions should be found, at a relative 

degree, in architecture as a whole. 

A thermal approach to architecture should first acknowledge the basic need to be in balance 

with one's environment as a dynamic phenomena, involving movement in space and time 

according to diurnal and seasonal rhythms. It can only be met by correct space proportion and 

organisation between inside and outside to provide diverse thermal conditions. These thermal 

conditions suggest in their turn the activity to be performed so that a particular activity takes 

place in a particular place because the environmental condition suits the activity. Such a 

defunctionalised architecture would become a living organism where every part has its place and 

correct proportion in the whole. If there exists a social logic of space, there should also exist a 
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thermal logic of space. The realm of architecture belongs somewhere between the womb, the 

smallest most private and protected space, and the open, the largest most social and 

unprotected space. Figure 1 .9 situates the realm of architecture in such an environmental 

approach. 

The womb 

Figure 1.9 

The realm of architecture 

Protection versus exposure and the realm of architecture. 

The open 

Generally speaking, a private space would be protected in the depth of a building with small 

openings, whilst a public space would stand on the periphery with relatively high opening ratio 

to filter the ambient environment. The room and the alcove belong to the former, whilst the hall, 

circulation space, atrium and conservatory belong to the latter. The plan being essentially an 

organised gathering of rooms, the designer has the responsibility to bring together several 

rooms to provide the users with certain scenarios of thermal transitions through movement 

between rooms and between inside and outside. The interplay of these basic spaces in terms of 

proportion, orientation and opening is the prime generator of architectural and urban form. 

When such movements appear incompatible with a Functionalist approach, the building should 

at least provide diverse thermal stimuli according to the degree of socialness of particular 

spaces. A large circulation space could accuse a wide range of thermal conditions according to 

the season or time of the day, whilst a small room would enjoy a more levelled environment. 

However, in numerous situations, space proportions may not relate proportionally to the number 

of users as in the case of a large space occupied by few people. The creation of comfortable 

conditions being impossible to achieve by passive means, a local source of heat should be 

provided. 

The performance of such an environmental approach to architecture is not measured in terms of 

energy savings but in terms of pleasurable adaptive opportunities of the occupants. Ultimately, 

such design should however lead to a decrease in energy consumption since only the 

sedentary rooms would need close environmental control. The architectural result would not 

constitute a static object but an ever changing being, creating environmental eurhythmics and 

favouring pleasurable adaptation. The relative instability of its constituents would be essential to 

the stability of the whole as in living organism. Architecture would thus react in its 'flesh' to the 

vagaries of environment and reinstall nature in its core. 
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2. The Architectural Dimension 

"There is no such crucial problem for an architect than the one to resolve the 

dialectic problem between interior and exterior." 

(Arnheim, 1977) 

Numerous architectural theoreticians have been interested by the philosophical dialectic 

between interior and exterior. Perceptually and practically, the inside and the outside are 

mutually exclusive since it is not possible be in both spaces at the same time. The real 

distinctions between interior and exterior lie in the contradictory character of the exterior mass 

and exterior volume, in the treatment of the elements that delineate them and n;iost significantly, 

in the way we experience them (Malnar 1992, p.4). The exterior of a building is perceived as a 

mass whilst the interior is perceived as a space. Chou's work on the definition of modernity 

(1990), although disregarding the location of a building within the tissue of the city, clearly 

expresses the duality between interior and exterior. The simple superposition of the previous 

definition of inside and outside creates the notion of shell (fig 2.1 ). 

exterior mass interior space the shell or transition 

Figure 2. 1 Interior versus exterior at the architectural scale 
(derived from Chou 1990, p. 106) 

Venturi (1966), in Contradiction and Ambiguity in Architecture suggests that the need for 

environmental control and visual communication can only be met by the correct definition of this 

shell or transition. The phenomenon of spatial transition can only be experienced when the 

thickness of the shell becomes a space in itself. A transitional space is therefore the result of an 

unattached linin_g between the inner and outer shell , as exemplified in figure 2.2. The wall, point 

of transition, becomes then an architectural event and a spatial record of this resolution and its 

drama (Venturi, 1966). 

hollow 

Figure 2.2 

part itioned multi-layered solid 

Contrasting internal versus external layer (from Venturi 1966, p. 76) 
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This space holds the vital mechanism preserving within a certain range of amplitude, the 

conditions of life in the internal environment. It constitutes the boundary between the internal 

environment and the world outside. In its material quality lies the effectiveness of the building in 

mitigating or welcoming the vagaries of the environment. Wigginton (1993) suggests two types 

of building envelope: the withdrawn envelope in the confines of the structure, and the wrapped 

envelope around the structure. The Greek temple and the Gothic cathedral, obviously erected 

according to different climatic conditions, exemplify those two types. The wall, in the Greek 

temple becomes a space with its own depth, whereas in its Gothic counterpart, it is reduced to a 

thin layer of glass and lead. With the advance of technology, the wall becomes tnore and more 

diaphanous, leading to the optimal visual communication between inside and outside, 

independently of the severity of the environment (Wigginton 1993, p. 175). The Barcelona 

Pavilion, by Mies Van der Rohe, has nearly proved that the dissolution of the wall was possible. 

In contemporary architecture, doors and windows have been reduced to mere thin lines on 

plans and sections, even though they fulfil the important function of connecting inside and 

outside. Technology has succeeded in recent years in producing envelopes that literally 

approach the quality of real skins by self-adaptation to environmental variability, but at exorbitant 

financial and resources cost (Banham 1969). In a sustainability era, such high-tech solutions are 

not reliable and should be looked upon with caution. One option is to rediscover the building 

skin and redefine it as a space in itself that could filter the vagaries of the environment. 

Traditional elements, such as bridges and corridors, defy the immaterial flatness of a wall by 

presenting an explicit perpendicular dimension. Those elements provide separation and 

connection, differentiation and transition, interruption and continuity, boundary and crossing, 

where .thresholds and transitions become in their turns "places". Over time, people have 

developed several devices to control, filter or block unwanted elements of the environment. 

Whilst shutters, louvers, awnings, and curtains are bi-dimensional means to control the 

elements, steps, eaves, balconies, loggias, alcoves, conservatories, and arcades are tri

dimensional ones. They control the permeability of a boundary and establish a clear spatial 

discontinuity by allowing one to cross it physically and visually (Von Meiss 1986, p.148). Where 

the former are limited to the planar dimension, the latter are primarily haptic. Transitional spaces 

are experienced in their three dimensions through physical penetration. 

In the urban context, exterior spaces may well be perceived as 'interior', due to the enclosing 

effect of the fa9ades on four sides but the sky. The notion of exterior weakens until one reaches 

the edge of the city and perceives the open landscape. Public and semi-public spaces such as 

passages, courtyards and arcades act as transitional spaces by providing an intermediate layer of 

space. They filter the environment, both socially and climatically, not unlike the open envelope 
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of the Greek temple. These spaces are hereby referred as the 'internal exteriors', although there 

is a vast variation of degree of exteriority/interiority from one another. 

2.1. The notion of transition in architectural theory 

The evolution of the phenomenon of transition in architecture can be traced throughout history 

and theory. Giedion notes that every generation of builders need to find a different answer to 

the problem of bridging the abyss between the inner and the outer reality (1971 ). He 

distinguished three shifts in space conception based on the interior/exterior relation, as 

exemplified in figure 2.3: 

architecture as exterior volumes 

-architecture as interior spaces 

-architecture as both exterior volumes and interior space 

Architecture as exterior volume 
The Great Pyramids 
(ea. 2570-2500 B.C.) 

Architecture as interior space 
The Pantheon (ea. A.O. 118-26) 

Architecture as both exterior 
volume and interior space 

Chandigard, High Court Building 
(1951-56) 

Figure 2.3 Giedion 's three space conceptions (illustrations from Kostof, 1985) 

Giedion refers to the first space conception as the monumental architecture of the first high 

civilisations like Mesopotamia and ancient Egyptians, where the importance was placed on the 

perception of exterior volumes. The inside was relegated to a second level and did not refer to 

the exterior volume. The massiveness of the envelop prevented any possible connection 

between inside and outside, as exemplified by the Great Pyramids. This first space conception 

ended up with the democratic architecture of the Greeks . The second space conception 

corresponds to the Roman, Medieval, Renaissance, and Baroque periods where there was a 

major interest on decorative elements and complex interior spaces. From the Pantheon 

onwards, architecture saw a continuous elaboration of the morphology and lighting of interior 
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spaces. The third one relates to our era, where new materials and technologies have allowed 

the designer to conceive of an interior/exterior continuity without any major structural difficulties. 

This last space conception is based on the plane surface. Such architecture is conceived to be 

visible both from interior and exterior. It recognises that from structural volumes, like sculpture, 

emanates space. At the urban scale, such architecture becomes isolated objects. Giedion 

argues that the third space conception is . closely related to the dynamic nature and fast 

movement of our period. Movement has been relegated to the two-dimensional strata instead 

of the three-dimensional concept of the traditional city. 

The Functionalist movement has particularly contributed to the propagation of this two

dimensional vision of the city. The purist abstraction of the early and late Modems denied the 

need for transition by the creation of isotropic spaces and the lack of spatial articulations. 

Transparency and fluidity were the main objectives. Eidlitz's reflections (1881, in Steadman 

1979) were precursors of the Modern Movement. They were however misinterpreted and 

ultimately led to a deterministic building science where each different function was physically 

expressed and separated from the other with highly controlled internal environments according 

to the use. 

"In nature, forms are the out-come of environment. Environment determines 

function, and forms are the result of the function. Building form must be adapted in 

an equivalent way to the environment in which they are situated through the skill of 

the architect until the functions resulting (from the environment) are fully 

expressed in the organism (architecture)." 

(Eidlitz 1881, in Steadman 1979). 

Eidlitz clearly affirmed that the exterior environment is a major determinant of architectural form. 

However, when Sullivan announced that: "Form follows Function", he got rid of the 

deterministic nature of the exterior environment on architectural function. Space and function 

were intimately connected but the building could eventually grow unilaterally from inside to 

outside. Le C9rbusier (1923, reprint1989, p.181) acknowledged this suggestion when he 

famously wrote that "A plan proceeds from within to without. ( ... ) The exterior is the result of the 

interior". The creative potential of exterior's interaction with architectural form was therefore 

relegated to a second level. The crude truth about the Functionalist approach is that the internal. 

function determined the internal environmental conditions, which in turn determined the form 

(Adler 1975, p.244). Steadman (1979) rounds up the discussion when he argues that Eidlitz's 

biological analogy, even adequately interpreted, would have been a fallacy since, a plant is 

influenced into particular growth not only by the forces of environment, but also by its genetic 

order of growth. The contradiction between interior and exte rior by means of spatial transitions 

and layering of forms, could not satisfy the requirements of unity, simplicity and continuity and 
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the assumption that building grows from within to without. Transitional spaces which are rather 

awkward, complex and non-economic could not fit in a Functionalist view of architecture (Venturi 

1966, p. 84) . 

After much criticism fell upon the International style, numerous alternative theories were raised. 

The Structuralists proposed a semiologic approach to architecture based on modern and textual 

criticism. It culminated in the complex eclecticism of the Post-Modernist movement favouring the 

ambiguous transition between inside and outside (Jencks 1982, p.16). In a Post-modernist era, 

characterised by multi-functional spaces and diversity, the creation of transitional spaces 

reintroduced to a certain extent the importance of the diversity of forms and functions according 

to environmental conditions. In bioclimatic terms, the function no longer exclusively determines 

the environmental conditions, but environmental conditions could determine the function as 

well. Such spaces, according to Heschong (1979), have even the power, by their thermal 

properties to generate new atmospheres. Alexander (1979) notes that with the creation of a 

transitional space, the boundaries between things are less marked; the overlap with other 

boundaries is such that the continuity of the world at this particular place is greater. Architecture 

should be like the embryo that evolves from the division of a single cell that eventually get an 

inside, a middle and an outside through a continuous process of unfolding creating layers of 

living matter according to a preconceived order of growth adapted to its future exterior 

environment. This will of scientificity or biological analogy could not resist to the 80' where the 

theoretical discourse shifted its basis on philosophical texts, once again mitigating the 

importance of the internal/external environmental transition. As Auroux (1990, p.154) notes: 

"The actual theoretical inflation is rather symptomatic of a creative incapacity as cultures that 

produced the highest architectural references did not adhere to any strong theory." 

The modern theory of continuity between interior and exterior and the following philosophical 

abstraction was only possible by technological means which made inside independent from the 

outside. Paradoxically, Hawkes (1987, p.5) reckons that early energy-conscious architecture 

that reacted against the energy consuming of the modern approach was clearly conceived 

within the paradigm of the Modern Movement, with a deterministic relation between form and 

function, creating highly specialised interiors. A more 'regionalist' approach would acknowledge 

that designing from inside-out and outside-in creates necessary tensions since the inside is 

fundamentally different from the outside, depending on particular cultures and climates. 

Frampton (1980) notes that Van Eyck is responsible for the most consistently sustained and 

significant critique on Modern architecture. Van Eyck attacked the alienating abstraction of 

Modern architecture at its roots and proposes the timeless aspects of built form of the 'primitive' 

cultures as a remedy to the current theoretical dead end. In the Team X Primer, he also clearly 

expresses the importance of transitional spaces. 
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"Architecture should be conceived of as a configuration of intermediary places 

clearly defined. This does not imply continual transition or endless postponement 

with respect to place and occasion. On the contrary, it implies a break away from 

the contemporary concept (call it sickness) of spatial continuity and the tendency 

to erase every articulation between spaces, i.e., between outside and inside, 

between one space and another (between one reality and another). Instead the 

transition must be articulated by means of a defined in-between places which 

induce simultaneous awareness of what is significant on either side. An in

between space in this sense provides the common ground where conflicting 

polarities can again become twin phenomena." 

(Aldo van Eyck, Team X Primer, 1966) 

Transitional spaces are places in which the architect manoeuvres with relative freedom in terms 

of geometry and environmental conditions, since these spaces are often devoid of any specific 

function other than the basic physiological comfort conditions. A project could then be 

described as a series of places, limits, and thresholds acting as transitional spaces, regulating 

the spatial organisation as well as environmental conditions of architecture. The pattern of 

events taking place in that space would do so because of a particular configuration and 

environmental conditions. The notion of threshold can be discussed in terms of its utilitarian, 

protective or semantic role. The articulation of the transition through all kinds of patterns of voids 

and solids, interposition of screens, in-between spaces, barriers and points of control reflects 

the social transition between the public and private domain. Moreover, it is fundamentally the 

separation between inside and outside environments and this complexity of roles that should 

constitute the basis for design (Neukermans 1993, p.364). 

2.2. Structural language and transitional spaces 

Broadbent (1973) proposes an interesting pragmatic classification of spaces according to the 

nature of their dividers in three categories: frame construction, plane construction, and mass 

construction. Some architects such as LeCorbusier, Mies Van der Rohe, Louis Kahn, and more 

recently Peter Ei:5enman have particularly investigated the importance of the transition between 

interior and exterior by their theoretical thought and structural languages. Even if formal or 

theoretical approaches to internal/external transition predominated the environmental 

performance, the spatial diversity stemming from these approaches created rich transitional 

spaces. The predominance of linear, planar, volumetric or hybrid structures in the work of these 

architects manifestly defines the nature of the internal/external transition (fig. 2.4 ). 
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0 0 

0 0 

linear planar volumetric hybrid 

Figure 2.4 Complexity of transitions according to a structural vocabulary. 

2.2.1. The linear structure 

Le Corbusier's architecture is characterised by a spatial fluidity which is made possible by the 

light structural Dom-ino system covered by planes of opaque or transparent m,aterial. The wall , 

liberated from all structural restriction, became lighter and lighter and ultimateiy visually non

existent. Speaking about the Cite du Refuge building and the hygienic and psychological 

properties of natural light, Le Corbusier affirms that "We gave them freely the ineffable joy of full 

sunlight. A thousand square meters of glass wall lit every room, from floor to ceiling, from wall to 

wall ... " (Le Corbusier 1937 in Banham 1969, p.155) 

The glass fa9ade as originally built With the addition of brise-so/ei/s 

Figure 2.5 Cite du Refuge, Le Corbusier, 1932 (from Banham 1969, pp.156-157). 

The unexpected consequences of such a literal transparency was an unbearable overheating. 

After an unsuccessful attempt to control overheating with the idea of a 'neutralising wall' , 

LeCorbusier designed the Brise-soleil that reintroduced the advantages of the massive wall 

whilst preserving the outside view (Hawkes 1987, p.5) . Screens of opaque elements stand in 

front of a real wall as a protection against too much openness. The effectiveness of such 

screens depends on the ability of their closed and opened parts to act as a filter. The position of 

those screens relative to the curtain wall defines a depth acting potentially as an additional space 

between inside and outside not unlike a loggia. The particularity of Le Corbusier's Brise-soleil is 

that it came only after the designer's theoretical thoughts created a disequilibrium between 
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inside and outside. The Brise-soleil is one of Le Corbusier's most masterly inventions; one of 

the last few structural innovations in the field of environmental control (Banham 1969, p.158). 

2.2.2. The planar structure 

The idea of a visual continuity between interior and exterior creating the virtual elimination of the 

wall was ultimately mastered by Mies Van der Rohe. The Barcelona Pavilion (fig.2,6) epitomises 

the disappearance of the wall. 

Figure 2.6 The Barcelona Pavilion, Mies Van der Rohe, 1928-29 (Curtis, 1982, p.271) 

Flowing vertical and horizontal planes produced an architecture of fluidity. As the traditional 

window as a hole in a wall disappeared, so did the wall. Large areas of plate glass intersecting the 

vertical and horizontal planes emphasised the interior-exterior continuity (Venturi 1966, p.71). 

This depended absolutely on the ability of mechanical services to maintain uniform internal 

conditions. Here, the thermal transition is confined to the transparent thickness of a plate glass 

even if, in reality, the continuity of vertical and horizontal planes creates a shaded transitional 

space protecting the glass wall. 

2.2.3. The volumetric structure 

Kahn's approach to transitional spaces is particularly interesting since it has been defined as 

non-Moderni.st by many architectural critics (Maniaque and Naegele 1992, p.87). The implicit 

hierarchy of spaces and the exaggeration of the articulations more than its attenuation create an 

architecture of spatial layering whereas fluidity is characteristic of most Modems. This volumetric 

approach to space generation is clearly inherited from the Beaux-Arts formation. Several 

projects attest the importance of transitional space and the non-deterministic nature of its 

function. At The Meeting House of the Salk Institute, Kahn juxtaposed circles with squares and 

squares within circles. The massiveness and complexity of these a.rticulations show a clear 

preoccupation to control glare and excessive heat of the Southern California climate. Sketches 

of early design stage express Kahn's investigation of inside/outside transition. 
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Figure 2.7 Envelop sketches for the Meeting House, 
The Salk Institute, Louis I Kahn (Tyng 1984, p.147). 

The Fruchter House project is an exploration of the interrelation of volumes and the creation of a 

common space brought by their positions. Kahn notes that the function of this particular space 

should be "( ... ) preferably without definition ( ... ) Everything should be possible there". This 

example emphasises the non-deterministic nature of the transitional space free to hold any 

activity and to a certain extent, free to accept the vagaries of the climate. 

-Figure 2.8 Sketches for the Fruchter House 1951, Louis I. Kahn 
(from Brownlee and De Long, 1991, p.67). 

Exeter Library is a testimony of Kahn's complete mastery in designing transitional spaces. 

Concentric volumes of massive brick and concrete, found also in the Hurva Synagogue and the 

Dacca Prayer Hall, create several layers of spaces. 

"Exeter began with the periphery, where light is. I felt the reading room would 

be where a person is alone near a window, and I felt that would be a private 

carrel, a kind of discovery place in the folds of construction. I made the outer 
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depth of the building like a brick doughnut, independent of the books. I made 

the inner depth of the building like a concrete doughnut, where the books are 

stored away from the light. The centre area is a result of these two continuous 

doughnuts; its just the entrance where the books are visible all around you 

through the big circular openings. So you feel the building · has the invitation of 

books." (in Tyng 1984, p.175). 

Figure 2.9 Exeter Library, Louis I.Kahn (from Tyng 1984, p.51). 

Each layer serves and is served by the others so that there is a constant flow between the 

concentric layers. In this building, Kahn's servant-served concept ceases to be a simple 

recognition a building's mechanical needs; it now expresses a sequence of occupants' 

movement and environmental control in the flesh of the building. 

2.2.4. The combination of linear, planar and volumetric structures 

Peter Eisenman's search for ambiguity and complexity in architecture through the overlapping 

of several structural grids is of particular interest in the investigation of transitional spaces. In 

House II, the interrelations between three grids namely linear, planar, and volumetric define 

several transitional zones in the building that are used for diverse functions according with their 

spatial properties. Here, form no longer follows function, but function follows form. 
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Combination of the three structural layers in House II, Peter Eisenman, 1969 
(from Eisenman 1972, pp.31-33) 

Eisenman's early house projects were a reaction against Post-Modernism and Symbolism in 
order to concentrate on the generation of a linguistic structure based on Chomsky's model of 
language (Gandelsonas 1982, p.8). Eisenman sacrifices functionalism and humanism in favour 
of a new language growing from the only objective material provided by architecture, which is 
the form itself. The main interest in Eisenman's work is the definition of the rules he adopted to 
generate the whole, where an element is never an isolated entity and responds to a series of 

rules and codes. He establishes, for example, a code for openings where a door is 
distinguished from a window by its physical transitory properties whilst the window allows only a 
visual transition. The clear definition of each element in a code and its relationship to the whole 
is an attempt by Eisenman to reconciliate the unity of the classical order and composition to the 
Modernist Gestalt theory. But instead of leading to subjective directive rules of the latter or 
geometrical uniformity of the former, Eisenman's approach leads to objective freedom and 
geometrical intricacy and complexity. The particular positioning of columns, walls and volumes 
creates an opposition between negative, void spaces and positive, material ones. Since the 
building is conceived as a progression from outside to inside, contrary to the Modems who 
designed from inside to outside, there is no fa9ade but rather a sequence of layers moving form 
outside to insid~ (Eisenman 1972, p.27). 

In House II, the interweaving residual spaces between linear and planar structural grids are used 
as circulation and vertical skylights. The main circulation path on the north exterior wall coincides 
with the need for a thermal buffer zone. The South-West corner of the house is carved in a way 
to admit maximal sun radiation. The residual space defined by the linear grid, if glazed, would 
have been an environmentally effective transitional space. Whatever were the intentions of 
Eisenman, the potentialities of transitional spaces are demonstrated in this house by the 
bridging and intersecting play of different structural elements. Eisenman's real objectivity in 
generating the ru les which create the form could be arguably discussed, but his theory 
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nonetheless proved that a purely formal approach has the power to generate a logical and 
complex structure of space based on transitional sequences. Such an integrated approach to 
urban design could create a complexity of transitional spaces that would stimulate spatial and 
environmental perception. 

2.3. Architecture as a dynamic experience 
The phenomenon of transition is closely associated with the notion of passage from one space 
to another. The passage involves a dynamic adaptation from the user to a new environment in 
terms of spatial geometry and environmental conditions. The analogy to architectural scale is 
particularly relevant to the future discussions of more complex urban scale experiences. 

The room is the basic unit of design and it presents our senses with limits. The size is the first 
thing we perceive in a room, for we have learned as children to judge the volumes of space 
(Piaget in Abercrombie 1990, p.29). Large volumes of interior spaces can be liberating, but at 
the same time terrifying by the sense of exposure whereas small volumes can be either cosy or 
claustrophobic. In general, most societies will need a variety of room sizes for retreat as well as 
social encounters (Hall, 1971 ). The user experiences architecture room by room, but the 
experience of the path is dynamic. Kahn (1941 in Brownlee and De Long, 1991) expresses 
simply the often neglected importance of the interrelation between rooms when he says that: "A 
plan is a society of rooms." 

In an urban context, a city could be said to be 'a society of places' where the spatial diversity and 
degree of enclosure, not unlike Hall's suggestion, would create places for retreat as well as for 
social encounters. One of architecture's primary purposes has traditionally been to provide a 
dramatic structure for human transition between rooms (Malnar 1992, p.231 ). Quantrill (1977) 
notes that the sequential movement of the path seems not to be appreciated today. The ideas 
of progression, the staircase and corridor play almost no part in the architectural scenario. He 
blames history, theory and criticism for having centred only on the room and the piazza in the 
discussion of . spatial and formal order while ignoring the means of getting there such as the 
street, the alley, the stairs . Stationary spaces like rooms are timeless in nature whilst transitional 
pathways like corridors, entries and stairways are dynamic and tied to human participation by 
calling the haptic system (Arnheim in Malnar 1992, p.232). A path ensures continuity in space 
and time. The path crosses boundaries, gradually or suddenly and is therefore associated with 
the notion of change and adaptation to a new environment. The spatial adaptation always takes 
place by referring to the point of departure. The recognition of the difference between previous 
and actual conditions determines the integration of the subject. The confrontation of a new 
situation is only possible by the previous experience of spatial configuration in an archetypal 
interiorisation. For building interior, the reference for the beginning of the route and its continual 
visual reference through the entire building is crucial, which may explain the common use of the 
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courtyard type of space in several different cultures as the central point of reference (Arnheim 
1977, p.156-157). Ellis (1960) also found some recurrent basic circulation patterns throughout 
history that are common to important works of architecture. 

The built environment carries the imprint of society in the way space is organised for human 
purposes (Aspinall 1993, p.337). Alexander notes that the pattern of events taking place in a 
building does so because of a particular space configuration that has the power to resolve the 
system of forces in a certain context. In his seminal work A Pattern Language, he identifies more 
than 15 patterns highlighting the importance of the transition in architecture (Alexander 1976, 
1979). Hillier and Hanson (1984) suggest that architecture provides the preconditions for some 
patterns of movement that are sometimes generator of social relations. The recurrence of such 
patterns is particular to social organisations and expresses fundamental social needs that can be 
identified. This is confirmed by Evans who postulated that beyond the internal necessity and 
type of movement, there are also sociological factors dictating the type of movement through 
space. The plan, therefore, describes the nature of human relationships. Evans notes that the 
origin of the corridor is closely related to societal comportment. The matrix of interconnected 
rooms of the Raphaelite society encourages the social experience whilst the corridor 
organisation, first recorded in England according to Evans, was the creation of the Puritans who 
wanted a segregation between the servants and their private life. At that time, the plan was 
organised with a central corridor for the servants and sequential interconnected rooms for the 
owner. Later on, the rooms became totally independent from each other and the function 
became consequently isolated. It was the beginning of the real Functionalist period (Evans, 
1978, p. 272). In fact, the segregation of function by the corridor organisation accelerated the 
flourishing of mechanical devices to provide services to physically unrelated rooms. As the type 
of circulation affects our sociality, it also influences the transition through space and the 
environmental behaviour of the building. 

Past studies have mostly investigated patterns of circulation in sociological terms, neglecting 
the environmental dimension. The notion of transition and thermal diversity is strongly linked 
with the type of circulation between the inside and outside of a building. If the plan describes 
the nature of human relationships, it can also describe the relationship between people and 
climate, inside and outside. Abercrombie (1990, p.17) suggests a very simple way of classifying 
basic possibilities of movement within an architectural or urban plan. A plan can direct, free, 
focus or organise. These types of circulation offer different potentials for transition between 
inside and outside, as depicted in figure 2.11. 
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direct 

free 

focus 

organise 

Figure 2.11 Basic types of circulation 
(from Abercrombie 1990, p. 17) 

A direct type of circulation offers a great potential for diversity. It is associated with the enfilade 
where one has to pass through several rooms in order to reach the next one or the outside. This 
type of circulation, unfamiliar to the twentieth century architecture, was extensively used by 
Kahn (Giurgola 1975, p.18). 

A free type of circulation does not allow neither thermal nor spatial diversity since there is no 
obstruction to movement in any direction. The deep plan building lacks this variety of room 
sizes. In such buildings, only elevators, stairs and toilets provide a relatively human scaled 
space. Thus, the unity, comprehensibility and scale of the traditional room are lacking, affecting 
the physical and physiological satisfaction of the users. Moreover, as the number of occupants 
is often important, the environment has to be more closely controlled, thus denying thermal 
diversity and increasing energy demand. The different scale of the rooms and their relative 
volume seems to provide great versatility and environmental control compared to the restrictive 
uniformity of the open plan (Takhar, 1987, p.112). The intricate medieval cityscape offered such 
diversity of public and semi-private spaces through lanes, passages, places and courtyards. 

A focusing circulation type offers great diversity, because of the necessity to pass through a 
distinct common place to move through the building. It is exemplified by the courtyard or the 
atria-type buildfng, common to almost all climates and cultures. The courtyard archetype 
provides the fundamental orientation needed by the users, as stressed by Arnheim {1977) and 
offer the maximal proximity performance as a circulation type (Steadman and March, 1971, 
p.319). The courtyard type of building also provides the optimal density ratio in the urban fabric 
(Martin and March, 1966). Recent studies show that glazed courtyards could be an effective way 
to enhance their environmental performance and energy-saving potential, as well as their 
amenity (Hawkes and Baker 1987, p.219). The courtyard and arcade stereotypes have long 
been established in Europe to provide an effective protection against the elements whilst 
enhancing the urban experience (Geist, 1983). The glazed courtyard is probably the most 
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common transitional space in current architecture, but unfortunately, its environment is too 
often mechanically controlled, ending up in excessive energy consumption. 

An organising circulation type is associated with the corridor-type of building where circulation 
may offer some possibility of thermal diversity by zoning of the plan. However, in deep-plan 
buildings the central zone has seldom access .to passive solar and natural ventilation. The overall 
plan depends on technological means to control the environment. Interestingly the architecture 
of the ancient Minoan civilisation (circa 2000 BC) would fall into that category. Recent 
archaeological researches tend to prove that Minoans at Knossos could have developed a 
maze-like circulation type of architecture for climatic reasons. The complex layering of space in . that architecture acted as a giant thermal buffer between the hot-arid exterior and the 
presumably cool interior further helped by massive construction techniques (Malnar 1990, 
p.15) . 

Buildings and cities are seldom defined by a unique type of circulation, and the precedent 
categories can be combined in very complex organisations that enrich the notion of transition. 
Stirling's Neue Staatsgallerie (fig.12) is as much a work of architecture as a work of urban design 
that combines 'channelled' routes with 'enfilades', all centered around a communal exterior 
'courtyard'. 

Figure 2.12 Neue Staatsgalerie, Stuttgart, 1977-84 (from Curtis, 1982, p. 607) 

2.4. Towards a transitional typology 
This section introduces a hypothetical typology of transitional spaces according to climate based 
on spatial and thermal considerations. 

2.4.1. Climate and transition 
The complexity of the transition between interior and exterior can be determined by sociological 
and cultural factors, but ultimately, buildings are the outcome of humankind and nature 
(Rapoport 1972). Even in a climate oriented approach, there has been an oversimplification of 
the various climatic constraints which are the basis for the richness of architecture. The relatively 
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mild weather of temperate climates complicates rather than simplifies the design requirements . 
The parameter of bioclimatic architecture should be redefined to acknowledge the complexities 
of the climate (Serra 1988, p.3). 

Traditionally, there was a tendency in extreme climates (cold and hot arid) to adopt massive 
construction techniques and complex transitional patterns of movement from inside to outside 
in the absence of technological means like insulation. However, in temperate climates that 
possess optimal temperature and low temperature differential, the tendency is to minimise_ the 
transition to allow cross ventilation. The architecture of the temperate climate lies between 
these two extremes: between the protective massiveness and the free . transparency. 
Temperate climate here refers to the ideal steady-state climate with minimal need for protection 
whilst extreme refers to steady hot or cold climates. Figure 2.13 schematises this tendency 
where the temperate-warm is associated with an open covered transitional space for shading. 
The architecture of the temperate-cold however possesses a closed transparent transitional 
space for passive solar heating. 
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Figure 2.13 Transition and climate (from the author) 
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Architecture of the extreme hot or cold climates tends to be massive and exclusive of the 
ambient environment, and conservative of the internal environment (Banham 1984, p.24). 
However, this does not exclude however the complex transition between interior and exterior, 
but geometry tends to remain simple. The "Trulli" architecture of Les Pouilles and the Igloo of 
Arctic Canada exemplify those extremes by the minimal opening, simple geometry and relative 
complexity of spatial sequence between inside and outside (fig. 2.14 and 2.15). 

Figure 2.14 The Trulli (from Barie et al. 1984, p.38) 

31 



Interior versus Exterior 

plan section 

Figure 2.15 Igloo of Arctic Canada (from Boaz 1948 in Zrudlo 1982). 

The Inuit villages consist of agglomerations of single Igloos related with complex tunnels and 
common spaces. When built alone, the Igloo shows a similarly complex transit/on. A separate 
entrance vestibule is precisely oriented to keep out the wind and relates to the main living space 
via a corridor space. The vertical section of a typical Igloo also shows a vertical sequence from 
the ground level entry to the lower cold corridor and finally, to the higher relatively warm space. 
The transitional spaces help to break the temperature differential between the ambient and 
internal environments. 

A LEX ANDRIA 31° TRIPOLI 32° 

ISTAMBUL 40° BARCELONE 41° 

Figure 2. 16 Regional variability of the transition and temperate climates 
(from Bouillot 1988, pp.48-52). 

In temperate climates however, architecture tends to be more selective. The need for caption, 
fi ltration or rejection of ambient factors brings a mixture of massive and transparent shells. The 
transitional space between inside and outside becomes the most variable space as exemplified 
in figure 2. 16. According to the warm or cool predominance of the climate, the transition can be 
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Figure 2.15 Igloo of Arctic Canada (from Boaz 1948 in Zrudlo 1982). 

The Inuit villages consist of agglomerations of single Igloos related with complex tunnels and 
common spaces. When built alone, the Igloo shows a similarly complex transition. · A separate 
entrance vestibule is precisely oriented to keep out the wind and relates to the main living space 
via a corridor space. The vertical section of a typical Igloo also shows a vertical sequence from 
the ground level entry to the lower cold corridor and finally, to the higher relatively warm space. 
The transitional spaces help to break the temperature differential between the ambient and 
internal environments. 
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Figure 2. 16 Regional variability of the transition and temperate climates 
(from Bouillot 1988, pp.48-52). 

In temperate climates however, architecture tends to be more selective. The need for caption, 
filtration or rejection of ambient factors brings a mixture of massive and transparent shells. The 
transitional space between inside and outside becomes the most variable space as exemplified 
in figure 2.16. According to the warm or cool predominance of the climate, the transition can be 
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either a canopy, a pergola, a peristyle, a cannis-terrace, a claustra patio, a tent, a claustra-cannis
terrace, a conservatory, or a solar gallery (Bouillot 1988, p.47). 

Those brief examples underline the complexity of transitional spaces both vertically and 
horizontally, and the importance of the sequential movement through transitional spaces in 
terms of thermal atmosphere and functionality. 

2.4.2. A Theoretical approach 

As defined in the first chapter, environmental and spatial diversity is associated with the notion 
of passage from one space to another. Fundamentally, the transition expresses the relation 
between two spaces, two worlds . The first step in investigating the role of · the transition in 
thermal regulation of an interior space should consist in the definition of the possible relations 
between those two worlds. 

The phenomenon of transition can be defined as the creation of an intermediate element 
brought by the relation between an interior and an exterior. The relative position between these 
elements as shown in figure 2.17, is particularly interesting for the present study since it directly 
refers to the notion of movement. 
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(transition= space of a wall 

intersection 
(transition=a new space) 

inclusion 
(transition=residual space) 

Figure 2.17 Positioning between two elements 
(derived from Barie et al. 1984, p.31) 

The shaded zones identify the transition. It may appear by bridging the gap between two 
independent elements, adjacency of a common wall, intersecting each other and by the 
inclusion of one element into the other. Figure 2.17 highlights the · difficulty of identifying 
precisely the transitional space and the degree of complexity of the transitional pattern when 
considering the new interior/exterior sequence brought by the relation between two elements. 
Therefore, the transition between interior and exterior can have different definitions depending 
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on the scale of investigation. A responsive built environment should take into account both 
architectural and urban dimensions of the internal/external transition since they constitute the 
richness of our experience of the built form. 

2.4.3. A classification of transitional configurations 

Borie's investigation (1984) of the deformation of architectural and urban objects may help in 
defining the nature of the transition between two elements. The proposed analysis system is 
independent of any functional, semiotic or perceptual description and concentrates exclusively 

on the morphological description of the object. This approach highlights the geometric 
generative process of architectural composition and the articulation between geometric 
elements. The system suggests that any built form can be deconstructed in primary elements 
and sets of relationships between those elements. Figure 2.18 summarises the three main 
classification criteria of Borie's analysis method. 

ELEMENTS RELATIONSHIP MODALITY 
Position "Obedience" lntearation 

-non-obedience 
-independence -obedience -juxtaposition 

-linear -proximity centralisation -repetition -integrity 
-planar -adjacency parallelism -subordination -deformation 
-volumetric -intersection linearity -unification -articulation 

-inclusion tangency -equality 
perpendicular 

Figure 2. 18 Summary of Borie's analysis method (after Barie et al., 1984) 

Three types of elements: linear, planar and/or volumetric can be brought into a relationship 
described as: position, "obedience" and integration between the elements. The resulting 
modality is called either integrity, deformation or articulation of the elements. 

The Elements 

This classification method, not unlike Broadbent's approach, identifies three categories of 
elements defining a particular state of equilibrium between space and matter in order to 
deconstruct any _possible built form. In bioclimatic architecture under temperate-cold climates, 
the equilibrium between massiveness and transparency defines the performance of the system, 
so that only the two extremes, linear and volumetric elements, are considered at this stage of 
the research . The planar element could be reintroduced in future development. The linear 
element represents a fluid space delineated by transparent matter exemplified by the light post 
and beam construction of conservatories. The volumetric element represents a constricted 
space delineated by massive matter exemplified by the vernacular massive construction. 

The Relationship 
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Among the possible relationships between elements, the notion of position is particularly 
interesting since it refers directly to the notion of transition between two elements. It is 
essentially a topologic function that allows a summary classification of basic formal composition 
by the type of positioning. (see Paragraph 2.4.2.) 

The notion of obedience consists in a geometric relation between elements. The obedience 
could either occur by centralisation, parallelism, linearity, tangency or perpendicularity. However 
important the notion of obedience could be in complex morphological studies, a particular type 
of obedience is not relevant for the present generalisation on transitional spaces. The 
Transparent and Massive element will be considered obedient by linearity. The notion of 
integration refers to the hierarchy between elements. The juxtaposition type closely relates to 
the independence and proximity positioning whilst unification is similar to the inclusion type of 
position ing. The repetition is not relevant at this stage, so two types of integration are possible: 
equality, in which elements possess identical shapes and, subordination where there is a clear 
hierarchy between elements. 

The Modality 

The notion of modality defines the extent of the transformation brought by the relationship 
between elements. In the Structural Analysis System, the elements can either preserve their 
integrity, undergo deformation, or create a new articulation. The articulation modality is 
particularly relevant to the present study since it refers directly to the transitional space. In this 
preliminary classification, the elements preserve their morphological integrity. The integrity and 
deformation modalities are therefore not considered. The articulation is additive in the case of a 
proximity positioning or subtractive in the case of intersection and inclusion positioning. The 
articulation generates new transitional patterns between inside and outside which are single, 
double or triple according to the position and integration relationships. Figure 2.19 summarises 
the adaptation of the Borie's 'Structural Analysis System' for the study of transitional patterns. 

ELEMENT 

-transparent 
-massive 

Figure 2.19 

RELATIONSHIP TRANSITION ----------Position Integration 
-independence 
-proximity -subordination 
-adjacency -equality 
-intersection 
-inclusion 

Proposed analysis method for the study of transitional patterns 
(from the author). 

-single 
-double 
-triple 

2.4 .4. Transitional Patterns 

Figure 2.20 illustrates the basic types of positioning between massive and transparent elements 
in function of their integration relationship. The central column represents an integration by 
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equality whilst others represent an integration by subordination. The dotted lines identify the 

transitional pattern between inside (solid dots) and outside (plain dots), and therefore the 

complexity of the transition. These networks bear a strong similarity with the so-called 'depth 

diagram' proposed by Hillier and Hanson (1984) to describe sociological relationship between 

spaces. This similarity highlights the interesting possibility of an inherent thermal logic of space 

or spatial logic of warmth relating to space depth, points of access, interrelations between 

spaces, distribution importance of rooms etc. 

These configurations can express either horizontal or vertical transitional patterns. Several 

archetypes can be associated to these simple configurations. The articulation of the proximity 

positioning represents a cloister-type building where a communal space favours distribution or 

junction between entities. The adjacency positioning represents a typical bioclimatic building 

with an attached conservatory creating a double transition. The intersection positioning 

generates an intermediate zone, belonging either to the massive or transparent element, and 

creating a triple transition. The continuity through the overlapping of the interior and the exterior 

that brings forward such differentiated intermediate environment constitutes the central issue of 

the proposed study. Few built projects are based on such transitional patterns. Finally, all the 

inclusion positioning configurations at the exclusion of the equality integration represent the 

covered courtyard-type of building with a double transition pattern. These configurations may 

also refer to double-shell type buildings, but in that instance, a single transition would take 

place. The equality integration refers to a conventional single-zone building shell made of 

transparent and opaque parts. This single transition type of architecture does not favour 

adaptive opportunity nor thermal and spatial diversity. 
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Interior versus Exterior 

2.5. Some theoretical speculations 

The environmental diversity generated by the transitional patterns of figure 2.20 is assessed 

through a parametric experimentation using computer simulation . The simulation should 

represent the spatial and temporal aspects of a building and its environmental control systems in 

the more rigorous manner, but in a parametric approach, the relative variability of the 

performance is more important than the precise output value (Clarke 1993). 

The starting point of a simulation is to re-express the building design in a way suitable for 

simulation. Energy modelling, compared to visual modelling, has the advantage of offering a 

certain latitude for abstraction. A common way of abstracting the building complexity is to 

translate it into a mathematical network of time varying temperature differences. In such an 

abstraction, spaces and elements of architecture are fluid or solid matters, characterised by their 

own thermophysical properties such as conductances and capacitances, influenced by 

temperature and pressure variables. Since those variables vary in time, the problem is a dynamic 

one. Moreover, other energy impulses like radiation, air-flow, casual gains, and plant size have to 

be taken into account via control systems, solar devices and the occupant's behaviour in space 

and time. The main challenge of the mathematical model is to estimate the importance of those 

parameters and to integrate their coefficient into equations. The process of abstraction in 

mathematical modelling remains a major source of error because of the oversimplification of the 

specificity of every part of a building, but in most cases, the problem can be reduced to a small 

number of representative rooms in the building. The whole building is thus simulated by the 

simple replication of a typical element (Clarke 1993, p.422). 

The next step is to determine the type and severity of climatic influence to which the building will 

be subjected. Typical daily summer and winter extremes are sufficient to explore the 

performance and identify the strategies. However, longer simulation periods can be undertaken 

to assess the exact energy performance according to the dynamics of climate. The input of a 

representative climate data is often an other major source of error since the existing statistics 

and meteorological data rarely correspond to the micro-climatic conditions of a specific site. 

Correction factors can mitigate such errors. Numerous existing simulation programs have the 

flexibility to allow the modelling of a range of architectural design solutions and their interaction 

according to climate variations. They vary greatly in terms of representativity of the real 

environment. For the speculative purpose of the present simulation, a relatively simple 

modell ing program should be sufficient. 

2.5.1. FRED-AIR simulation program 

FRED-AIR is a finite difference thermal computer model designed by Baker (1985) . It simulates 

solar radiation and natural infi ltration according to hourly climate variations. Hourly casual gains by 

occupant, thermostat setting and plant size can also be set easily. FRED-AIR is limited to a 3-
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Interior versus Exterior 

zone simulation and a ±25 nodes thermal network due to computing limitations. Since this type 
of modelling assumes that a node expresses an entire surface or space, the results have to be 
interpreted with caution. Unlike ESP-r (European reference building Simulation Program
research applications), FRED-AIR has never been validated by the monitoring of a real case. 
However, a previous version named FRED which did not simulate natural air-flow has been 
validated successfully by Penz (1983). 

FRED-AIR has recently been translated to the QuickBasic language and now runs on Macintosh 
(Ong, 1994). It offers a great versatility and may easily be altered to suit almost any research 
specification. A major improvement to FRED-AIR would consist in the addition of a section on 
natural air-flow which plays a major role in free-running buildings. The present version simulates 
natural infiltration by wind pressure differentials and does not consider any convective effects. 
The hourly simulation provides a dynamic comprehension of interior thermal environment 
throughout a typical day. The building input file can easily be altered to perform the proposed 
parametric study. 

The simulation investigates the influence of the positioning between two elements upon their 
basic thermal behaviour. The elements possess identical volumes and represent the two 
extremes of bioclimatic architecture: the massive well-insulated space and the light transparent 
space. The configurations are therefore considered totally passive with neither thermal 
exchange by convection nor air-flow between the massive and transparent spaces. The model 
simulates hourly dry bulb temperature variations according to average daily temperature and 
wind speed for the months of January, October and July in London (Page and Lebens 1986, 
p.32, 208). 

Thermal networks of the five configurations: independent massive, independent transparent, 
adjacency, intersection and inclusion are shown in Appendix A-1. The three zones of the 
intersection configuration possess the same volume than the other configurations to allow a 
significant comparison of the results, even though the volumetric importance of the intersection 
configuration compared to others would not be justifiable in practice. The intermediate space 
corresponds to a half massive/half transparent element. A table of calculated capacitances for 
each node is given in Appendix A-2 whilst a table of conductances and south solar fractions 
appears in Appendix A-3. 

2.5.2. Results of simulation 

Figure 2.21 gathers all resulting graphs for ease of comparison according to the patterns and 
seasons. Complete tables and graphs of these results are shown in Appendix A-4. These tables 
include the hourly temperature for each node representing a space. The extreme right columns 
(in italic) indicates the hourly temperature differential when moving from a deeper zone to a more 

45 



Interior versus Exterior 

peripheral one. The lower part of the table (in italic) indicates the mean daily internal temperature 

of each zone and the mean daily temperature differential when moving from inside to outside. 

The daily max./min. temperature and zone temperature differential are also shown together with 

the overall daily maximal variation in temperature. The graphs illustrate those variations. The 

zones of thermal comfort correspond respectively to 21,8±2,5°C in winter and 24,4±2,5°C in 

summer, as defined in section 1.6. The comfort zone for mid-season is assumed to lay in

between. The close horizontal lines on the graphs indicate these standard zones of comfort 

whilst the extreme ones indicate the ±5°C zone of adaptive opportunity. Despite the simplicity of 

the simulation model, those results express vividly the basic thermal behaviour of different types 

of free-running transitions form inside to outside. 

The results are interpreted in terms of mean internal temperature, daily temperature variation 

and adaptive opportunity through movement. The table of figure 2.22 summarises the main 

results. Simultaneous references to the graph in Annexe E would help the following analysis. 
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CONFIGURATION 
MAS. TRANS ADJ. INT. INC. 

G G GI I I • I· 0 l·l·I·I· G 
3 to 2 I 2 to 1 4 to 3 I 3 to 2 I 2 to 1 

WINTER 
Mean 10,5 11,6 9,0 10,9 11,6 
Temperature (°C) 4,7 5,8 9,4 11 , 1 10, 1 8, 1 
Daily Maximum 12,3 20,9 7,8 14, 1 21,3 
Variation (OC) 2,3 2,5 16, 1 16,6 14,4 9,6 
Mean Transitional 1,0 -6,9 2,0 0,7 -6,9 
Variation (OC) -1,2 -4,7 -2,9 -1,4. -3,4 

MIDSEASON 
Mean 20,2 21,7 17,9 20,8 21,8 
Temperature (°C) 11,6 13,3 18,5 21,0 20,1 16,7 
Daily Maximum 16,7 28,6 10,8 19,2 29,0 
Variation (OC) 4,8 4,3 22,6 22,7 19,7 13,6 
Mean Transitional 1,5 -10, 1 2,9 1,0 -10,2 
Variation (OC) -1,7 -6,9 -4,3 -2, 1 -5, 1 

SUMMER 
Mean 24,4 25,7 22,5 14,9 25,8 
Temperature (°C) 17,2 18,6 23, 1 25, 1 24,4 21,5 
Daily Maximum 13,2 13,8 8,9 15,3 24,2 
Variation (OC) 7,0 4,2 19,6 18,5 16, 1 11,6 
Mean Transitional 1.3 -8,5 2,4 0,8 -8,5 
Variation (OC) -1,4 -5,8 -3,6 -1,8 -4,2 

Figure 2.22 Summary table of the simulation results 

Mean Internal Temperature 

The mean internal temperature is a direct function of the degree of aperture which admit solar 
radiation and the capacity to retain this energy for redistribution throughout the building. The 
Adjacency and Intersection configurations provide the highest mean internal temperature for 
every seasons followed respectively by the Transparent, Inclusion, and Massive configurations. 
The presence of transparent and massive zones in the Adjacency and Intersection 
configurations helps the reception and storage of solar radiation but in winter, none of these can 
provide comfort by passive means only. A mechanical source of energy would therefore be 
necessary. At mid-season and summer, all configurations but the Massive one offer acceptable 
mean internal temperatures. 

Daily temperature variation 

In winter, the peripheral zones of the Adjacency and Intersection configurations, and the 
Transparent configuration offer a short period of comfortable conditions at mid-afternoon due to 
the greenhouse effect of the transparent element whilst the Massive and the Inclusion 
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configurations remain relatively stable but well beyond the lower limit of the comfort zone by 
adaptive opportunity . Although unstable, the Adjacency and Intersection configurations would 
need far less energy to provide comfort than their single zone counterparts and would offer 
extra space usability. 

At mid-season, all configurations but the Massive one offer some hours of comfort during 
daytime but fall beyond the comfort zone at night. The Adjacency, Intersection, and Transparent 
configurations present high temperature peaks at mid-afternoon defining two periods of 
possible comfortable conditions at late morning and late afternoon. The deeper zone of the 
Intersection configuration and the Inclusion configuration are far more stable, even if the 
temperatures slightly exceed the lower limit of the comfort zone by adaptive opportunity at 
night. 

In summer, the deeper zone of the Intersection configuration presents the best performance, 
keeping the temperature conditions inside the thermal comfort range by thermal mass transfer at 
night, and buffer effect at daytime. The Inclusion configuration only exceeds the lower limit of 
the comfort zone at night. The deeper zone of the Adjacency configuration tends to overheat at 
mid-afternoon. The Massive configuration is so efficient in controlling heat transmission by the 
timelag effect that thermal conditions remain too cool over the entire day. The Transparent 
configuration overheats by greenhouse effect at daytime and overcools by heat loss at night. 

The Massive configuration is not surprisingly the most stable configuration in terms of daily 
fluctuation since it does not admit any solar radiation, whilst the Transparent one is the most 
unstable, particularly during the equinox where ambient temperatures are still relatively low 
whilst solar radiation is high . Considering now exclusively the deeper zones of every 
configuration, the Intersection configuration provides the second most stable interior 
environment after the Massive one, followed respectively by the Inclusion and Adjacency 
configurations. The Inclusion configuration is surprisingly more stable than the Adjacency one 
which possesses a higher degree of aperture. This exemplifies the case of numerous current 
bioclimatic buildfngs where the high glazed ratio of the atria overheats the parent building by 
conduction. This may explain the preference for more stable conventional single shell 
exemplified here by the Inclusive configuration. The relative stability of the deeper zone of the 
Intersection configuration for all seasons, is clearly due to the presence of the transitional space 
between the massive and transparent element. 

Thermal transients and adaptive opportunity 

The main issue, in terms of environmental diversity, is to predict the extent to which the 
proposed configurations favour adaptive opportunity by moving from one zone to another, and 
the extent of temperature variations during these environmental transitions. 
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The Massive configuration generates minimal thermal transients since it has no climatisation of 

any sort. Results suggest that, on an overall basis, considering an average of the hourly 

temperature differential from the deepest zone of the building to the ambient environment, the 

Intersection and Adjacency configurations generate the second minimal thermal transients while 

producing the highest average internal temperature. The Inclusion and Transparent 

configurations follow in decreasing order. Averaging such a complex phenomenon may be 

perilous since it doesn't take into account the instantaneity of thermal transients as experienced 

in reality. It nevertheless shows the potential for a progressive thermal equilibrium between 

inside and outside by heat redistribution. Less adventurous is the study of the hourly 

temperature differential. These differentials are relatively low throughout the day, and one could 

expect a variety of occupations in terms of different metabolic rates in those intermediate zones 

without impairing comfort. Graphs in figure 2.21 show that for all conditions, the maximum 

temperature differentials occur at mid-day, obviously due to solar and occupational gains. At this 

particular time of the day, the Massive configuration shows negligible temperature differential 

due to its conservative properties, whereas the Transparent one produces the most important 

internal temperature differential at ±15°C for all seasons. Both the Adjacency and Intersection 

configurations offer maximal internal temperatures, but the Intersection one allows for a more 

progressive heating or cooling of ±?°C at each spatial transition. The Inclusion configuration 

produces also a ±?°C cooling or warming transition but fail to provide comfortable conditions in 

winter. A more refined model should simulate the heat redistribution through the zones to 

achieve thermal diversity without exceeding the occupant's capacity for thermal adaptation. 

These simulations illustrate the significant environmental performance differences between the 

single zone and the multi-zones transitional configurations. The thermal layering by transitional 

spaces maintains a higher mean interior temperature than other configurations, and favours 

thermal diversity and adaptive opportunity. The simulation also identifies the great challenge 

issued by the single zone building (Inclusion configuration) upon the atria-type building 

(Adjacency configuration) since the latter tends to overheat much more than the former. 

However, the introduction of a transitional space between the massive and transparent 

elements, as exemplified by the Intersection configuration, contributes to minimise temperature 

differentials in the deeper zone of the building and to maintain comfortable thermal conditions. 

However, this configuration occupies much more important volume than the other 

configurations. App~ndiic A4 shows the results of an Intersection configuration with shallow 

zones. As expected, the overall temperature is much higher than the original deep zones. In 

that case, the temperature of the deeper zone seems to reach the comfort zone more often but 

the diurnal variability has also increased by 50%, resulting in a much unstable configuration. 

Further simulations using a more refined modelling program such as ESP-r could help to define 

a zoning strategy that would not only satisfy the functional criteria but also the sophisticated 
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multi-zone control and the redistribution of excess energy, which are not possible in the present 

version of the FRED01.BAS software. 

2.6. Conclusions 

This chapter has highlighted the traditional importance of the transition in architecture through 

history and theory. The complexity of transitional spaces varies according to the complexities of 

the climate . A transitional typology based exclusively on the position relationship between a 

massive and a transparent element has been proposed. It illustrates the diversity of transition 

possibilities between inside to outside. The understanding of the thermal behaviour of such 

spatial configurations in an environmental approach, is essential if we want to achieve a much 

more dynamic architecture through the complex duality of thermal comfort and energy 

conservation. Simulation results show that the apparent instability of a transitional space 

becomes a condition for the relative stability of the entire configuration by a potential 

redistribution of heat gains. 

The results also demonstrate that there is a great deal of variation of the thermal performance of 

a given transitional configuration in function of the positioning of the two fundamental elements. 

These simulations have demonstrated the advantages of more complex articulations between 

interior and exterior, especially through the Adjacency and Intersection configurations. Such 

configurations favour a gradual adaptation by movement from one zone to another and 

therefore, avoid major discomfort situations that could be caused by abrupt environmental 

transients. Next chapter will look at the importance of movement and bodily adaptation in the 

urban realm. The evolution of the urban form of two cities will be analysed to understand the 

transformation process of the urban fabric and its effect on environmental diversity. 
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3. The Urban Realm 

3.1 Experiencing the city 

3.1.1 The dynamic experience of the city 

Cullen (1961) in The Concise Townscape, argues that a city is made of the art of visual 

relationships between places. He insists that vision is the main tool to apprehend the 
environment and attempts to prove his point through quantities of sequential sketches that he 
refers to as 'serial vision '. The human body reacts to contrasts and the essence of the city 
experience consists in the stimulation of the senses through the drama of juxtaposition of 
events. Unless this happens, the urban space will remain featureless and inert. 

The sense of position of the body in the environment is of utmost importance to perception. 
The unspoken sensation of being outside, entering or being in the middle of a space while 
moving is a direct response to the exposure or enclosure of the space. This instinctive habit of 
the body to relate itself to the environment should be exploited in spatial and environmental 
sequences. The urban realm would therefore become a journey through pressure and 
vacuums, a sequence of exposures and enclosures, of constraint and relief. The city is no 
longer perceived as a series of interconnected streets but rather as a series of interconnected 
places, whether public, semi-public, or private. Nolli (1748 in Bednar, 1990) first attempted to 
illustrate such a spatial diversity and continuity when he drew the ground plan of Rome in 1748. 

Figure 3.1 Portion of Nol/i 's map of Rome (from Bednar, 1990, p.12) 

It depicts white pedestrian spaces carved from the dark building blocks of the city. It causes the 
spaces to be read as a continuous network of interwoven public, semi-public and private 
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spaces. Not surprisingly, this could only happened in Baroque Rome, where interlocking of 
exterior and interior rooms reached a historic zenith. Italian baroque culture placed a high value 
on well-developed social life. Nolli's spatial structure of Rome represents an idealised vision of 
the pedestrian's experience of the city, perceived as a continuous series of exterior and interior 
spaces. The pedestrian moves freely between the two realms, whether these spaces are public 
or semi-public, and understands their inhere.nt differences created by openness and enclosure. 
In memory and experience, the two realms become entwined. Articulated transitions in the form 
of porticoes, foyers, entries, and narthexes help to distinguish both realms , but at last, the 
spatial analysis becomes one of continuity and unity. Streets, squares, courtyards, gardens, 
naves and rotundas , each distinct in form and shape, are connected together through free 
bodily movement. 

The form, scale and quality of public space has greatly changed from the eighteenth-century 
baroque Rome to the contemporary city. The perceptual and physical movement from exterior 
to interior is no longer as fluid and continuous. The critical disruption in the contemporary 
experience of spatial continuity between exterior and interior occurs at the entrance. Even if the 
horizontal surface is continuous, which is important in terms of tactile sensation, large areas of 
plate glass often interrupt the pedestrian's movement. The now so common wind lobby or 
revolving door creates a significant rupture of the pedestrian movement. The environmental 
separation is the most significant problem in the design of transitional spaces, and it must 
receive a creative attention to improve the pedestrian's experience of continuity. The most 
dramatic difference between the seventeenth and the twentieth century urban centres is the 
nature and the quality of transitional spaces themselves brought by roof glazing and structural 
technologies . Nowadays, it is possible to design places that are experientially interior by their 
controlled environment, but perceptually exterior by the scale and transparency of their 
envelope. 

The segregation between pedestrian and vehicular circulation is a recurrent theme in urban 
history. As early as 1490, daVinci envisioned an idealised city where a pedestrian walkway would 
be located above services streets and canals in order to promote efficiency and safety from the 
crowded street. The conflict became more crucial in the twentieth century due to the increasing 
density of motorised traffic. Solutions were always sought to increase traffic speed and protect 
the pedestrian, but no consideration was actually given to the experience of the pedestrian. 
When this was finally acknowledged, the pedestrianisation movement began. In Europe, its goal 
was mainly to preserve to cultural and commercial vitality of city centres, whilst in America, it was a 
competitive reaction to the suburban shopping mall with its hazard free controlled climate. The 
'mail ing' as it is known has brought many pedestrian back to downtowns for shopping, culture 
and entertainment, and has also greatly contributed to the rediscovery of the wal king 
experience and curiosity to discover a new hidden dimension of the city centre with its intricate 
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spaces. Not surprisingly, this could only happened in Baroque Rome, where interlocking of 

exterior and interior rooms reached a historic zenith. Italian baroque culture placed a high value 

on well-developed social life. Nolli's spatial structure of Rome represents an idealised vision of 

the pedestrian's experience of the city, perceived as a continuous series of exterior and interior 

spaces. The pedestrian moves freely between the two realms, whether these spaces are public 

or semi-public, and understands their inherent. differences created by openness and enclosure. 

In memory and experience, the two realms become entwined. Articulated transitions in the form 

of porticoes, foyers, entries, and narthexes help to distinguish both realms, but at last, the 

spatial analysis becomes one of continuity and unity. Streets, squares, courtyards, gardens, 

naves and rotundas, each distinct in form and shape, are connected together through free 

bodily movement. 

The form, scale and quality of public space has greatly changed from the eighteenth-century 

baroque Rome to the contemporary city. The perceptual and physical movement from exterior 

to interior is no longer as fluid and continuous. The critical disruption in the contemporary 

experience of spatial continuity between exterior and interior occurs at the entrance. Even if the 

horizontal surface is continuous, which is important in terms of tactile sensation, large areas of 

plate glass often interrupt the pedestrian's movement. The now so common wind lobby or 

revolving door creates a significant rupture of the pedestrian movement. The environmental 

separation is the most significant problem in the design of transitional spaces, and it must 

receive a creative attention to improve the pedestrian's experience of continuity. The most 

dramatic difference between the seventeenth and the twentieth century urban centres is the 

nature and the quality of transitional spaces themselves brought by roof glazing and structural 

technologies . Nowadays, it is possible to design places that are experientially interior by their 

controlled environment, but perceptually exterior by the scale and transparency of their 

envelope. 

The segregation between pedestrian and vehicular circulation is a recurrent theme in urban 

history. As early as 1490, daVinci envisioned an idealised city where a pedestrian walkway would 

be located above services streets and canals in order to promote efficiency and safety from the 

crowded street. The conflict became more crucial in the twentieth century due to the increasing 

density of motorised traffic. Solutions were always sought to increase traffic speed and protect 

the pedestrian, but no consideration was actually given to the experience of the pedestrian. 

When this was finally acknowledged, the pedestrianisation movement began. In Europe, its goal 

was mainly to preserve to cultural and commercial vitality of city centres, whilst in America, it was a 

competitive reaction to the suburban shopping mall with its hazard free controlled climate. The 

'mailing' as it is known has brought many pedestrian back to downtowns for shopping, culture 

and entertainment, and has also greatly contributed to the rediscovery of the walking 

experience and curiosity to discover a new hidden dimension of the city centre with its intricate 
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alleys, passages and lanes. Once separated from their cars, people began again to recognise 
the lost joy of being pedestrians. Through walking, people were once again able to feel the 
human scale of past architecture, whereas architecture of the suburbs, devoid of any details, 
was viewed form the fast moving automobile. Once outside of the car, suburbia often consists of 
a nowhere urging people to reach the interior secured spaces. On the other hand, an historic 
city centre, designed for an age that belonged to pedestrians, has appealing human scale 
qualities. The public space is no longer a negative space but a continuity of interior spaces 
interwoven with semi-public transitional spaces. The spatial experience of moving from a 
transitional space to the interior favours a gradual adaptation, whereas moving from an exterior 
space exposed to natural elements to the interior can be somehow spatially disorienting and 
traumatic. 

The pedestrianisation movement constitutes an important argument in favour of the 
development of transitional spaces. When people enjoy being pedestrians again, they can 
appreciate the higher quality of pedestrian environments. Transitional spaces, protected from 
the weather, offer a variety of amenities and a rich spatial experience. However, the pedestrian 
zone should not be considered as an island in the centre of the city. The aim should remain the 
creation of a totally conceived pedestrian environment where all aspects of urban planning that 
affect the pedestrian would be carefully considered, and where the system should maintain 
complete continuity. Pedestrian areas can integrate several built forms including covered 
passages, such as street arcades, and covered non enclosed spaces, such as markets. 

3.1.2. The social experience of the city 

Urban transitional spaces act as bridges between private and public realms. Cities of many eras 
have had such transitional places. The centre of the Greek cities was formed by extensive 
ranges of stoae, consisting of detached, roofed colonnades that served social, political and 
economic purposes (fig.3.2). The porticoes of the Roman city were extended to connect 
houses, temples, and shops in a system of covered pedestrian passages. In the medieval and 
Renaissance eras, systems of street arcades were extended throughout many Italian cities as in 
Bologna, thus !3nabling the inhabitants to traverse undercover to all districts. These sheltered 
places were considered adjuncts to the streets and squares that formed the matrix of the city. 
Sheltered pedestrian places afforded protection from the weather, safety from wheeled traffic, 
opportunities for strolling, and locations for social conduct. Libanius stressed the importance of 
transitional spaces on social life when he wrote about wide shopping streets accentuated by 
colonnades in the city of Antioch: 

''As you walk along them, you find a succession of private houses with public 
buildings distributed among them at intervals, here a temple, there a bath 
establishment, at such distances that they are handy for each quarter and in each 
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case the entrance is in the colonnade. What does that mean, and what is the 

bearing of that lengthy description? Well, it seems to me that the pleasantness, 

yes, and most profitable side of city life is society and human intercourse, and that, 

by Zeus, is truly a city where these are most found. ( ... ) People in other cities who 

have no colonnades before their houses are kept apart by bad weather; nominally, 

they live in the same town, but in fact they are as remote from each other as if they 

lived in different towns ... " 

(Libanius AD360 in Mumford, 1961) 
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Figure 3.2 The extent of the use of the stoa at Pergamon 
(second century B.C.) (from Akurgal, 1985, p.72) 

The arguments in favour of the creation of such intermediary environments need to be well 
understood in order to evaluate their present and future effects upon the design development 
of the built environment. The present section explores the sociological importance of 
transitional spaces in terms of spatial experience, interiorisation of public space and climatic 
experience. These issues form the basis for understanding the motivations and consequences 
of creating transitional spaces. 
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The present era is one of an unprecedented boom in the development of totally enclosed 
public places that threatens genuine transitional spaces. New forms and types have been 
invented and built in the last two decades. Protagonists of such spaces argue that they have 
contributed to enrich and vitalise the public pedestrian experience. Even if these mega 
structures combining car parks, multiplex cinema, restaurant, cultural centres, and hotels have 
moved to the city centre, they have also contributed to destroy the scale and life of city streets. 
In many cities, pedestrian-linkage systems composed of skyways or undergrounds have even 
been built between enclosed public spaces creating a completely segregated pedestrian 
environment condemning the street, the traditional social thoroughfare, to a motorised traffic 
function. The combination of conscious and casual use of the street made traditionally its 
complex web of interactions and possibilities. As streets and squares work well as social places 
because of their pedestrian connector role, transitional spaces should favour destination as well 
as passage. 

The social functioning of many contemporary interior public places is rather awkward due to a 
false, contrived sense of exterior. People cannot gather freely and mix conviviality in an interior 
public setting as they would do in the open streets. In fact, the diversity of users is often a good 
indicator of the sociability of a space. As soon as a space is enclosed, doors provide the means 
for access control. Security guards at an entrance can therefore prohibit entry to those persons 
who do not fit an acceptable profile in clothing or demeanour. The psychological barrier of a 
fixed, visually conspicuous entrance, whether guarded or not, can be a significant deterrent to 
access. Sennett (1977) warns against "the aesthetic of visibility and social isolation". Even if 
technology permits the achievement of what Giedion calls the ideal permeable wall, the ultimate 
in visibility, this wall also constitutes an hermetic barrier. This lack of physical connectivity to the 
surrounding context of pedestrian places is the critical problem of most contemporary interior 
public spaces. In his recent seminal social analysis of the city Flesh and Stone, Sennett (1994) 
argues that spaces take form largely from the ways people experience their body. He sees the 
combined effect of fast movement and comfort as the main factors that led to the actual 
individualism and lack of socialisation in the urban realm. The discovery that blood circulation 
inside the body .occurs mechanically instead of by heat differential seems to coincide with the 
emergence of modern capitalism. According to Sennett, this discovery helps in the explanation 
the great social transformation since the modern individual is essentially a mobile being. The 
biological analogy of blood circulation was soon applied to the city by planners of the eighteenth 
century who imagined that free movement through the city would be healthy to the individuals 
and increase their economic and social exchanges. This belief in free movement was 
consummated in the creation of large urban places acting as breathing lungs. Sennett suggests 
that whereas social fraternity expresses itself as flesh touching flesh in the narrow, clogged 
spaces of the city, freedom in space and time expressed itself as empty volumes that dull the 
body. The individual bodies moving through the urban space became detached from the space 
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The present era is one of an unprecedented boom in the development of totally enclosed 
public places that threatens genuine transitional spaces. New forms and types have been 
invented and built in the last two decades. Protagonists of such spaces argue that they have 
contributed to enrich and vitalise the public pedestrian experience. Even if these mega 
structures combining car parks, multiplex cinema, restaurant, cultural centres, and hotels have 
moved to the city centre, they have also contributed to destroy the scale and life of city streets. 
In many cities, pedestrian-linkage systems composed of skyways or undergrounds have even 
been built between enclosed public spaces creating a completely segregated pedestrian 
environment condemning the street, the traditional social thoroughfare, to a motorised traffic 
function. The combination of conscious and casual use of the street made traditionally its 
complex web of interactions and possibilities. As streets and squares work well as social places 
because of their pedestrian connector role, transitional spaces should favour destination as well 
as passage. 

The social functioning of many contemporary interior public places is rather awkward due to a 
false, contrived sense of exterior. People cannot gather freely and mix conviviality in an interior 
public setting as they would do in the open streets. In fact, the diversity of users is often a good 
indicator of the sociability of a space. As soon as a space is enclosed, doors provide the means 
for access control. Security guards at an entrance can therefore prohibit entry to those persons 
who do not fit an acceptable profile in clothing or demeanour. The psychological barrier of a 
fixed, visually conspicuous entrance, whether guarded or not, can be a significant deterrent to 
access. Sennett (1977) warns against "the aesthetic of visibility and social isolation". Even if 
technology permits the achievement of what Giedion calls the ideal permeable wall, the ultimate 
in visibility, this wall also constitutes an hermetic barrier. This lack of physical connectivity to the 
surrounding context of pedestrian places is the critical problem of most contemporary interior 
public spaces. In his recent seminal social analysis of the city Flesh and Stone, Sennett (1994) 

argues that spaces take form largely from the ways people experience their body. He sees the 
combined effect of fast movement and comfort as the main factors that led to the actual 
individualism and lack of socialisation in the urban realm. The discovery that blood circulation 
inside the body o_ccurs mechanically instead of by heat differential seems to coincide with the 
emergence of modern capitalism. According to Sennett, this discovery helps in the explanation 
the great social transformation since the modern individual is essentially a mobile being. The 
biological analogy of blood circulation was soon applied to the city by planners of the eighteenth 
century who imagined that free movement through the city would be healthy to the individuals 
and increase their economic and social exchanges. This belief in free movement was 
consummated in the creation of large urban places acting as breathing lungs. Sennett suggests 
that whereas social fraternity expresses itself as flesh touching flesh in the narrow, clogged 

spaces of the city, freedom in space and time expressed itself as empty volumes that dull the 
body. The individual bodies moving through the urban space became detached from the space 
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in which they moved and from the people they contained. Whilst Enlightenment urbanists had 

imagined individuals stimulated by movement through the city 's crowds and places, the 

nineteenth century urbanists imagined individuals protected by movement from the crowd. 

Moreover, the evolution of technology rendered high speed movement a passive comfortable 

bodi ly experience. The more comfortable the body became, the more also it withdrew socially, 

travelling alone and silent. As comfort lowers one's level of stimulation and receptivity, it also 

serves the person at rest to withdraw from other people. 

"( ... ) moving around freely diminishes sensory awareness, arousal by places or the 

people in those places. Today, as the desire to move freely has triumphed over the 

sensory claims of the space through which the body moves, the modern mobile 

individual has suffered a kind of tactile crisis: motion has helped desensitise the 

body. This general principle we now see realised in cities given over to the claims of 

traffic and rapid individual movement, cities filled with neutral spaces, cities which 

have succumbed to the dominant value of circulation." 

(Sennett, 1994, p.256) 

The search for comfort ultimately led to a sealed urban architecture. Central heating, interior 

lighting, air conditioning, and the management of waste did create buildings that fulfilled the 

Enlightenment dream of a healthy environment, but at a social price for these inventions 

isolated buildings from the urban environment. The development of forced-air heating solved 

the problem of heat distribution, but the technology still suffered from the leakage. Continuous 

sheets of plate glass allowed to seal once and for all the building from the outside. But more 

than all the other inventions, artificial lighting contributed to the sealing of buildings. It broke the 

essential lighting tie between the inside and the outside. The elevator alleviated the greatest 

source .of discomfort in large buildings: vertical movement. In modern buildings which couple 

their elevators to underground garages, it is possible for a passively moving body to lose all 

physical contact with the outside. Urban developments therefore used the technology of 

motion, of public health and private comfort, the workings of the market, the planning of streets, 

parks and squ~res, to resist the demands of the crowds and privilege the claims of the 

individuals. 

Walter Benjamin (1927) describes the glass-roofed arcades of the Enlightenment era as the 

only surviving 'urban capillaries' compared to the fast moving modern arteries. All the movement 

that gives pulsing life to the city is now concentrated in these small , covered passages surging 

with clots of people. These spaces accomplish their social duties because of thei r congested 

movement and the vagaries of their environment. As Sennett (1994) puts it: "Resistance is a 

fundamental and necessary experience of the human body to take note of the world in which it 

lives." 
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3.1.3. The privatisation of the public realm 

The privatisation of public spaces constitute the real threat to the liveability of the urban realm by 

reducing the permeability of the city. Permeability is the precondition for human occupation of 

the urban realm. Public and private spaces, together with the interface between them, have 

important implications towards the permeability of the city. They are in fact complementary, and 

people need access across the interface between them. Only places that are accessible to 

people can offer choices and unexpected experiences. The permeability of · a system of 

public/private spaces depends on the number of alternative routes it offers form one point to 

another. Physical permeability depends on the division of the environment into blocks by the 

network of accessible spaces. Visual permeability is also essential for people to take advantage 

of an unknown path. Built forms therefore define permeability. Accessible places are only 

valuable if they offer experiential choice: variety is therefore essential to liveable cities. The 

interest in economic performance by developers and ease to manage by planners means that 

efficient controlled environments seriously coarsen the grain of variety. Most of the exterior and 

interior pedestrian places recently built have been financed, constructed, owned, and managed 

privately. This is a significant departure from previous eras when the public sector was 

responsible for creating parks, squares, and boulevards. From a developer's point of view, there 

can be great financial risks in the uncertainty of the surrounding context. In an area that is 

redeveloping or changing, where the context is unstable, it is safer to become introverted and 

design a new context. The recent extent of privatisation of public spaces has been accelerated 

by the increase in street crime. Enclosed pedestrian places are safe havens from street crime, 

particularly if they can be reached directly from car parks. Within these places, there are the ever

present guards or worse, the closed circuit televisions, that give a sense of security by 

screening the individuals at the entrance points. The undesirables are even physically removed 

which rises some fundamental civilian rights. Many constitutions guarantee the rights of free 

assembly and free speech in public places owned by the government. Public places owned by 

private entities are rather problematic as they often are historically public places transformed and 

adapted by a private owner. Some governments have acknowledged the essential role of these 

spaces in maintaining the central value of a liberal city. Shopping malls, corporate office parks, 

and campuses of private universities have been identified as new public places in America, and 

their owners must endeavour to maintain them permanently accessible as essential 

communication nodes and safe havens. 

Commercial developments are seldom uniquely privately financed and in many cases, incentive 

from public sector is essential to their success. The co-operation of the public sector is often 

given in exchange of conditions such as the legal assurance of public access and free 

speeches in the private premises. There are other means to protect the public nature of the 

covered places, as Vittorio Emanuele II Galleria demonstrates. In this case, the building 
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surrounding the arcade is privately owned whilst the roof of the arcade is owned by the 

municipal government, therefore assuring the public character of the space. Successful urban 

design and development is an integration between the old and the new, between the exterior 

and the interior, and between the public and the private. In several contemporary cities, private 

interior places in the form of Galleria, atria, skyways and concourses have been architecturally 

connected to each other to form integrated pedestrian networks. However, their correct linkage 

to existing exterior public streets, plazas, and parks is essential to achieve enjoyable and vital 

urban centres. The future design and planning of urban pedestrian systems must follow these 

positive examples, which foster the integration of urban architecture and urban space. 

3.1.4. The climatic experience of the city 

"Once a space has been defined, its thermal comfort has to be achieved. 

Another factor, curiously ignored by urban sociologists is the climate. In open 

streets, it rains, it 's cold, pedestrians are in a hurry and therefore are not invited 

by micro-events; their attention level has decreased, their attention has 

diminished(. .. ). Any serious analysis of street life will have to take into account 

the climatic factor. " 

(Abraham Moles in Miller-Chagas, 1985) 

· One of the civilised world's long-standing architectural ambitions could be said to be the 

creation of structures for public gathering and common use that include the positive aspects of 

the natural environment, but eliminate the negative aspects. Daylighting and views are the 

positive aspects whilst changes in air temperature, wind dust, and precipitation in all forms are 

seen as the negative ones. Once these variables are controlled, a man-made climate could be 

substituted to provides constant air quality amenable to the activity. In 1950, Buckminster 

Fuller's proposal to cover midtown Manhattan with a geodesic dome sheathed with polarising 

glass launched a big debate about the interiorisation of architecture and the exclusion of the 

natural environment. The main assumption of this project was that the vagaries of climate were 

harmful to people's health and activities. Underneath this vast structure, precipitation , wind, 

dust, and changes in air temperature would be eliminated. Only nature's most predictable 

aspect, the earth's diurnal cycles of dark and light, would be preserved by the transparency of 

the envelope. 

The creation of such spaces was already implicit in the work of the engineer of the nineteenth 

century with the invention of glass and steel technology. The 1850's saw the emergence of a 

multitude of mega structures covering large spans with glass for very diverse functions. London 

alone saw the Palm House of Kew Gardens (1848), St-Pancras Station (1851 ), and most 

importantly, the Crystal Palace (1851) that would inspi re the rest of civilised nations. Recent 
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resurgence in creating enclosed public places in shopping malls, both suburban and urban, 

covering up of hotels, museum, and hospital courtyards in controlled atria have allowed the 

pedestrian to conduct an entire day of business or shopping activities inside. Weather 

protection is manifestly one of the primary motivations behind the contemporary trend to create 

public interior spaces. Comfort and convenience are important design objectives and places 

offering these qualities are clearly advantaged. Comfort is understood to be the result of a 

constant air temperature, lack of wind, and the elimination of precipitation, dust and noise from 

outside. Convenience results from the ability to schedule activities without depending on the 

weather. 

Environmentally speaking, creating comfortable indoor places is far much easier than creating 

comfortable outdoor spaces since the majority of the elements are simply put aside. The most 

proliferating areas of indoor public spaces are associated with severe climates, either cold and 

windy, or warm and humid. But the interiorisation is not only due to weather, as demonstrated in 

several examples in temperate climates. In fact, the marketing benefit of having a captive 
audience to play with and manipulate is far too interesting for shop-owner and corporate 

speculators. Provided that shoppers get an hospitable enclosed environment, they are put at 

ease and engage in shopping as a leisure-time activity. Any entertainment, from art exhibition to 

talk shows, is an invitation to induce further participation. 

· Yet, the trend to interiorise pedestrian places as means of escaping the vagaries of the weather 

can negate some of the joys of life. As Bednar (1990) puts it: "Who among us has not enjoyed a 

balmy spring afternoon or a sunny, brisk fall morning?" Some people enjoy the romance of 

walking in the rain or strolling in the snow. Many people welcome the change of seasons, for it is 

a profound way of acknowledging the passing of time. Many of these life experiences are being 

lost forever or at least gradually reduced by the interiorisation of the urban space. In fact, the 

proliferation of interior spaces and their connection into vast networks has allowed the urban 

dweller to spend days if not weeks in artificially controlled environments without venturing 

outdoors. This thesis does not condemn blindly the creation of enclosed public places but 

argues that the diversity of the urban fabric should be preserved and increased by the creation 

of transitional spaces that are neither totally interior nor exterior. This would favour the transition 

between the inside and the outside to create a lieu of genuine civic life. Whatever the intrinsic 

quality of a given urban fabric, there should always exist options to trave rse and experience 

both indoor and outdoor pedestrian spaces without any physical constraints. 

3.2. The Arcade Paradigm 

The term 'ci ty' has always conveyed the idea of shopping or exchanging goods (Echenique 
1996). Indeed, for the rural inhabitant, the market town was considered to be a city. The search 

fo r successful architectural solutions for the retailing activities have been going on for at least 
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five hundred years in the Western city, and the demand for new and novel shopping 

environments still plays and important role in urban planning and policies (Ford, 1994 p.95). 

Retail environments in city centres are relevant places to address the issue of movement and 

environmental diversity, since planners tend to optimise circulation and environmental 

conditions to encourage retailing. From the open muddy medieval town markets to the highly 

sophisticated contemporary shopping malls, the shopping environment has evolved with new 

technologies and social trends. The arcade represents an important leap in this evolution since 

its morphology is recognisable both in the simple medieval market stall and in the contemporary 

shopping mall. This chapter rounds up the previous discussion on the architectural, urban and 

social aspects of transitional spaces, as exemplified in the arcade type. The following history of 

the arcade is mainly based on Geist's seminal work on the arcade (1979, trans.1'983). 

3.2.1. Architectural and urban evolution 

According to Geist (1983), a wide variety of structures dating from antiquity to the eighteenth 

century, relate to the arcade type, but none of these can be considered its immediate 

predecessors. The vaulted Marketus Trajani, in Rome, c.a. 11 O A.D., constitutes the earliest 

closest model for the arcade. Figure 3.3 shows the features of this market street so closely 

resembling the late nineteenth century arcades, apart from the glazed roof. 

Figure 3.3 Merkatus Trajani, c.a. 110 A.O. (from Geist, 1983, p.27) 

The arcade proper is essentially a series of shops organised linearly around a covered glazed 

passage. The Medieval notion of a shop, still a common feature of many European middle town 

markets, consists of stalls with double wooden doors where the upper part could be raised for 

hanging goods. Shops became gradually associated with buildings and a predictable market 

square evolved while free pedestrian access remained essential. In the multipurpose medieval 
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building, the shopkeeper lived immediately above the shop and goods were stored in the cellar. 

This arrangement was far from being ideal for the customers as they often had to stand in muddy 

and noisy streets crowded among other things with animals. Islamic cities had already, at this 

period, carefully established shopping districts in the form of covered souks and bazaars. 

Figure 3.4 The souk of Aleppo, Syria 
(16th century) (from Kostof, 1985, p.4) 

The Islamic souk was the first designed area for shopping, or at least the first since the Greco

Roman market square. Covered souks, bazaars, and narrow streets lined with small shops were 

covered with intricate vaulted ceilings to protect people against wind, sun and rain. There was 

nothing comparable in Europe, but arcaded lower floors facing either a courtyard or the street. 

The Islamic souk could not be literally brought to Northern Europe since this part of the world 

was rarely exposed to the blistering sun. In Europe, due to the scarcity of light in winter, 

colonnades, and arbored or covered walks were preferred. The 'Rows' in Chester, England, 

although merely surrounding the urban block, constitute an interesting opportunity for 

promenading. They appeared in the thirteenth century although no convincing reason has yet 

been brought forward to explain them (Pevsner, Hubbard, 1971 ). The 'Rows' form a unique 

system of elevated pedestrian passages extending on both sides of the street through the 

second levels of four long urban blocks. Various travellers tried to describe this fascinating 

urban curiosity. Palmer (1948) observes that "Not only in Bridge Street but in Foregate Street 

and Watergate Street the almost continuous 'Rows' allow the inhabitants to shop and queue, to 

hang out or be kept hanging about, in all weathers." Palmer also reports the more romantic 

description of the 'Rows' by Henry James, early in the twentieth century 'A sort of gothic edition 

of the blessed arcades and porticoes of Italy', he called them; ' ... a flight of steps descends, at 

frequent intervals from this superincumbent verandah', and he liked 'the irresistible coquetry of 

the little shops which adorn these low-browed Rows'. 
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Figure 3.5 Location plan and cross section of the Chester 'Rows' (from Geist, 1983, p. 18) 

Ultimately, the development of the light and airy arcade depended upon the utilisation of iron 

and glass. Glass was definitely the most important. It allowed an entirely new recreational 

experience: window shopping. Moreover, it provided a new mean for architect to cover tiny 

alleyways and preserve the feeling of airiness. The idea of a covered arcade was 

undoubtedly classical and was revived extensively during the Italian Renaissance. Ford (1994, 

p.97) su~esfs-that. the inspiration came from Constantinople. The invention and development of 

the shopping arcade in France and England at the beginning of the nineteenth century was the 

result of a specific set of economic, social and technological conditions. Industry had developed 

the ability to produce a large variety of luxury goods, thus necessitating new methods and 

means of marketing and sales. The covered arcade, through its grouping of stores with ample 

window displays, created a competitive atmosphere for continuous, undisturbed shopping. This 

paved pedestrian place was protected from the climate and the traffic, noise, and dirt of the 

inhospitable street. It however remained an accessible public place. 

Shopping arcades benefited real estate speculators as well as shoppers. Narrow, dark alleyways 

that had previously been solely used for residences and artisan quarters of the cheapest kind, 

could now be opened to profitable enterprises. Bigger, deeper lots could be utilised with 

interior arcaded passageways. According to Lemoine (1983), the arcade occupied three 

principal locations. There were large estates consisting of empty lots or gardens, medium size 

estates where the existing built density was already high but where important voids still existed, 

and small or shallow estates where pre-existed an open courtyard or a passage. 

In all cases, the construction of an arcade was a continuation of a densification process, at the 

heart of the urban block but this densification always kept a reference to the street. These 

privately owned projects participated in the increment of the urban block permeability by 
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creating new streets that the public sector could not have planned. Compared to the new 

pedestrian places, we find that virtually all arcades served as shortcuts or as block connectors 

between busy streets. They were successful in attracting people, both purposefully and 

casually. This in turn provided opportunities for meeting, which enabled the arcades to become 

successful as social places. 

3.2.2. Social experience 

The arcade was also a social space, a promenade and a place of public meetings. This 'freely' 

accessible private space, unlike the degenerated public street, supported the concept of a new 

democratic society with an extended public life. Lemoine (1983) affirms that the arcade could 

not have proliferated without the notion of flanerie which in return could not have existed at that 

time without the arcades. Rudofsky (19691 draws a contemporary picture oL the frantic social 

experience of the Galleria Vittorio Emanuele II: 

"Evenings, when the place was bathed, as the newspapers put it, in an ocean of 

gaslight; when row upon row of marble tables appeared on the tessellated 

pavement, and the sound of orchestra music merged with the drone of people's 

voices, the Galleria achieved a near-apotheosis of the Italian street: a theatre 

where actors and spectators merged and became indistinguishable from each 

other." 

(Rudofsky, 1969) 

Fig. 3.6 Galleria Vittorio Emanuele II, view from the dome (from Geist, 1983, p.388) 
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Unlike the majority of arcades that are owned by private corporations, Vittorio Emanuele is a 

municipal property. It therefore remains permanently accessible and admits people from all 

spectrum of the society. The problem of the private possession of a public space is resolved 

here by a shared ownership of the arcade. The municipality owns the glazed roof whilst the 

adjacent buildings are privately owned. This dilemma is mainly due to the nature of this new 

building typology. Indeed, the arcade shattered the traditional duality between the public 

exterior space and the private interior one. The trend towards privately owned 'public space' is 

not a product of our post-modern mercantile society, but was already common to the Victorians. 

The limited accessibility and privacy of the space made also a perfect setting for prostitution. 

Ford (1994) mentions that some arcades even prohibited all women employees from the upper 

floors of the building. Today this feeling of entering a very private space is still present when 

climbing up or down the tiny helico"idal stairs of arcade shops. The fact that the pedestrians 

come from a semi-enclosed space rather than from a truly public open space must emphasise 

this impression . 

3.2.3. The environment of the arcade 

According to Geist (1983), the invention of the arcade was the answer to precarious 

environmental conditions. 

"The arcade came into fashion because the street still existed in its medieval state. 

It had no sidewalk, was dirty, and was too dangerous for promenading and window 

shopping. Hence around 1800, the society was more developed than the public 

space at its disposal. The amount of traffic on the narrow Parisian streets took on 

dangerous and threatening proportions at this time. Carriages and carts battled 

pedestrians. This unequal conflict was fought on poorly paved streets without 

drainage which were transformed by rain into a sea of mud." 

(Geist, 1983) 

Arcades provided a secure and protected place from the crowded street and natural elements. 

The glazed roof protects the pedestrian physically and morally, but through transparency, they 

open the space on the exterior. The environmental ambiguity of the arcade mainly depends on 

the filtered daylight and controlled wind. The translucent zenithal light unifies the space by 

masking shadows, liberating the arcade from the vagaries of climate and seasons. Gusts are 

eliminated from the space by a careful vertical and horizontal narrowing of the entrances. The 

resultant environment represents the transition from the highly variable street to the cosy 

interior shop. These open-ended corridors naturally dissipate the excess of their environment 

to the adjacent streets. This environmental symbiosis with the rest of the city probably 

constitutes the most inviting quality of the arcades, as reckoned by Vaclav Havel about Prague's 

arcades: 
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"Of course, shops and theatres confined in arcades advertise their presence with 

signs on the far;ades, but the unaware passer-by needs to walk before this wide 

open mouth, to smell the draught it sometimes breathes, to notice the existence of 

a tunnel, to realise that he is on the threshold." 

(Vaclav Havel, in Brozova et al. 1993, p.1 5) 

3.2.4. Decadence of the arcade and interiorisation of retailing activities 

Ford (1994) , in Cities and Buildings, offers an interesting resume of the causes of the 

decadence of the arcade and its legacy in the modern city. He notes that its successful 

combination of 'public' and private spaces in a single building type, its very essence, initiated the 

historical transition from isolated shops to the centralised shopping centre that ultimately 

supplanted the arcade. At the peak of the industrial revolution, small, independent speciality 

shops became anachronistic. Shopping arcades symbolised the eighteenth-century 

requirements for small, tasteful shops selling limited quantities of luxury items; the department 

store represented the nineteenth century's emphasis on mass production and mass 

consumption. The construction of new buildings at a monumental scale such as railway stations, 

prisons, museums and office buildings, along with the invention of such things as the elevator 

and gas lighting meant that larger stores were also a possibility. New stores covered entire city 

blocks offering continuous window shopping. The interior was glass-covered, with a series of 

three-story, inward-facing galleries inspired from the shopping arcades. 

The development of large buildings for retailing represented a significant shift in the way cities 

were perceived and used. Building took precedence over outdoor spaces. The life and 

commerce of the city was no longer conducted in the streets, lanes, alleys squares and arcades; 

it now took place inside buildings. Sitte (1889, p.55) argues that modern city building 

completely reverses the proper relationship between built up area and open space. In former 

times, the open spaces were designed to provide an enclosed character, favouring social 

encounters wh~reas today, urban design begins by parcelling out building sites. Whatever is 

left over is then turned into useless public spaces. This inward movement was due to the 

architectural and economic innovations and the increasing zoning and regulat ion codes. By the 

1890s, many cities prohibited the construction of shopping arcades due to restrictive fire codes, 

sanitation regulations, rules concerning sidewalk access and fire exits. From1900, according to 

Geist (1983), 

"(. . .) the city became suspect; its social, spatial and hygienic conditions were subject 

to criticism and the garden city was proclaimed as the escape from the misery ... The 

individual building became an independent entity and no longer played a 
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subservient role. The city as a system of spaces was replaced by a system of 

separate entities. The distances between buildings were based on fundamentally 

different criteria from those used in the nineteenth century. The arcade had no 

place in this new spatial system, which still plagues us today." 

(Geist, 1983) 

Ford (1994) justly observes that nowadays, many shopping centres have become predictable, 

with the result that the public now ask for more ambiguous commercial centres. The birth of so 

many festival centres and the successful pedestrianisation of derelict city quarters are proof of 

the intrinsic qualities of many historic urban spaces. People are attracted by the diversity of often 

unorthodox spaces that defy the modern deterministic nature of the built env'irbnment. These 

pedestrian spaces have spatial and environmental qualities of the interior, but are yet exterior 

spaces. Many rehabilitation projects, such as Covent Garden in London, proved that downtown 

reuse projects and lively urban centres are inextricably intertwined. The common feature of 

these successful rehabilitations is often the presence of an important free-running transitional 

space, not unlike the arcade, for people to gather whatever the climate. 

3.3. Case study 

This section proposes a method to assess graphically the morphological evolution of city 

centres through historical maps and the impact of the transformation of the urban environment. 

The first part describes the graphical and mathematical methodology to assess the evolution of a 

given urban fabric in terms of surface ratios and permeability whilst the second consists in the 

practical analysis of Cardiff and Cambridge city centres. 

3.3.1 Measuring spatial diversity 

Historical maps of Cambridge and Cardiff city centres are analysed in function of surface ratios 

and permeability of the urban fabric. The study is limited to a recent past since the advent of 

building technology, namely air conditioning and central heating, is a rather recent event that 

has changed the nature of the built form. City plans offer readily available quantitative 

information on ground floor building ratios and scales of development. Detailed Ordnance 

Survey Maps of city centres can disclose secret passages and courtyards hidden from the roof 

scape of urban blocks. Contrasting the built and unbuilt space becomes a effective mean to 

assess at a glimpse, the extent of the spatial diversity of the pedestrian realm, not unlike Nolli's 

technique for Rome (see fig.3.1 ). It does not however provide information on the vertical 

dimension of the urban block. For the purpose of this research, the height of the urban blocks is 

considered uniform. The successive interpretations of historical maps provide an astounding 

insight of past and future transformations of the pedestrian's realm. 
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3.3.1 .1. Surface rat ios 

Surface ratios inform on the extent of built versus unbuilt spaces at the ground floor level of a 

particular sector, and therefore indicates the accessible space for pedestrians. In several 

modern cases , the limits of the urban island is particularly ill-defined as climatisation tend to 

agglutinate several original urban blocks. Permeability is however only potential as these 

spaces are more often transformed into private spaces. The built to unbuilt ratio becomes also 

relative indicator of the passivity of the urban block. In the absence of shallow urban blocks, 

courtyards and passages can provide openings for natural ventilation and daylighting of 

adjacent interior spaces. The transaction could therefore be qualified as mutualist where, in 

winter, the surrounding built spaces protect the unbuilt spaces from unwanted wind, and heat 

them up through conduction whilst they provide shade in the summer. 

The overall unbuilt ratio at ground floor level is particularly interesting since it represents the 
potential accessible domain for pedestrians. Surface ratios are bidimentional and therefore do 

not take into account the height of urban fabric. They however offer the best possible way, 

within the scope of this research, to assess the accessibility to open ground floor spaces in 

cities by pedestrians. The vertical dimension of theses spaces is a major determinant of the 

environmental performance of transitional spaces in terms of insolation and wind protection, but 

in the case of historical maps, only gross approximations are possible through old photographs. 
· Surface ratios are measured by a technique of grey levels measurement developed by Demers 

(1993) using a software of image processing Adobe Photoshop. The portion of the map to be 

studied is redrawn from Ordnance Survey maps to ensure a maximal contrast between built and 

unbuilt spaces. This black and white map is then digitised at 400 dpi for computer processing. 

Values are given in pixel numbers which could easily be converted into surface units or in 

percentage of the total surface of the studied area. The gross unbuilt area ratio includes any 

"white area" of the map. These consist in covered spaces such as arcades and malls, even if 

these are, by definition, built spaces, since they are also accessible to pedestrians. 

The unbuilt ratio is subdivided into three sub-types of spaces to characterise the environmental 

diversity of a particular fabric: the interior, exterior and semi-exterior spaces. Interior spaces 

accessible to pedestrians are defined as being completely segregated from the exterior by 

doors, and are usually cl imatised. Exterior spaces include several types of spaces of different 

sizes. Courtyards and passages are of particular significance, but covered sidewalks and 

residual spaces such as unbuilt lots are also considered. The street area ratio includes half of the 

street surface bordering the studied section of the map, as this exterior space also belongs to 

the totality of the urban block. The breakdown of the street ratio into ramps for delivery and car 

parks reflects the true pedestrian permeability of the city compared to the apparent permeability 
seen through an aerial view. This ratio has to be interpreted through street width and orientation 
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as these will significantly affect inherent micro-climates. Semi-exterior spaces represent non

climatised, non-enclosed covered spaces such as arcades and any other covered passage. 

Many spaces in such a classification remain ambiguous and some assumptions need to be 

made. For example, it is rather difficult to judge from a map whether a courtyard of relatively 

reduced dimension should be considered as a liveable space or as a simple residual space. The 

approach throughout this study is that the actual use of the space is not so important as the 

potential use of it. Dimension is therefore the only objective criteria to classify such spaces. 

3.3.1.2. Permeability 

The methodology developed to assess the permeability of the urban fabric 'is based on the 

reinterpretation of historical maps and the adaptation of Hillier's own methodology presented in 

his seminal work The Social Logic of Space (Hillier and Hanson, 1984), and Steadman's 

Architectural Morphology (Steadman, 1983). 

Steadman proposes a mathematical method for describing and analysing a plan morphology. 

The method highlights the adjacency subtleties of a plan between rooms and their 

corresponding exterior regions represented by an adjacency graph. This method, which was 

devised for architectural purposes,, is also valid for urban space investigations. It allows a purely 

morphological assessment of permeability of urban fabrics. From a selected portion of city map 

showing the extent of built to unbuilt surfaces such as the one used for surface ratio analysis, a 

planar graph is drawn where every street corresponds to a vertex or space. Accessibility from 

one space to another is then drawn as an edge representing a connection between adjacent 

spaces. The number of connections or connectivity, defines the number of possible routes 

originating or leading to a particular space or vertex. The resulting graph is called dual adjacency 

graph, but for the purpose of the present study, it is renamed a permeability graph. The more 

complex the permeability graph, the more possibilities for different patterns of movement 

between spaces and the more likely environmental diversity will be experienced. The presence 

of cycles inside an adjacency graph indicates that there may exist one or several possible routes 

between a pair of spaces, adding to the richness of permeability. 

In this study, vertices correspond to pedestrian spaces whilst edges correspond to links 

between these spaces. Vertices are "coloured", to use Steadman's terminology, with different 

graphical symbols to express exterior, semi-exterior or interior spaces. They are also "labelled" 

with their number of edges or connectivity, which is a direct measure the number of possibilities 

for different patterns of movement. Edges are also coloured to express the nature of the link 

between the spaces as being public or semi-public. This distinction is essential to the 

discussion as semi-public spaces often have restricted hours of accessibility that clearly reduce 
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permeability. Links through urban blocks are particularly valuable as shortcuts, and they are 

represented with a bold line. 

Most importantly, within an environmental approach, each edge can be interpreted as a change 

in the micro-environment as it represents a particular passage from one spatial and 

environmental condition to another. When analysed in conjunction with the coloured vertices, 

several types of transitions can be identified. 

3.3.2. Two cities 

Cambridge and Cardiff represent two opposed paradigms of city evolution. While Cambridge 

has evolved slowly from the Middle ages to the present day, preserving much of its medieval 

market town scale and character, Cardiff is essentially the result of the booming Industrial 

Revolution of the nineteenth century, and recent drastic transformations of its commercial core . 

The former exemplifies a relative historical continuity of urban fabric whilst the latter illustrates the 

rupture from history by speculators and planners. 

3.3.2.1. Cambridge 

The site of Cambridge was populated as early as the Neolithic age. After Romans occupied the 

north side of the river form AD43 to AD41 o, the site went successively under Anglo-Saxon, 

Anglo-Danish and Norman rules. Under the Normans, the city reached the limits of its pre

nineteenth century expansion when it was a small busy market town with the narrow, crooked 

streets it still retains. The prosperity of Norman Cambridge is suggested by the number of early 

twelfth century religious foundations that introduced the courtyard built form within the city. In 

the fourteenth century, when colleges began to seek property, the monastic institutions 

became the ideal model. From 1324-52, seven new colleges were created, inspired by the 

courtyard type of the existing monasteries. In 1440, the single most spectacular alteration to the 

town's topography took place when Henry VI started to acquire some land for King's College. He 

obliterated an entire quarter of the old town. Streets and important accesses to the river were 

wiped out and replaced by the actual Garret Hostel Lane. The second series of college 

foundations (1496-1594) was less devastating because the new colleges tended to take over 

the sites and buildings of now defunct religious houses, many of which dissolved by Henry VIII. 

The system of hostels began to disappear at this period as colleges tended to built new 

accommodations for their students (RCHME, 1956). Between 1610 and 1613, St-John's and. 

Trinity Colleges acquired land on the west side of the river, Trinity in exchange giving the town 

part of its common fields, Parker's Piece. This was according to Hall (1980) , the final great 

addition to the series of commons, such as Christ's Pieces, Jesus Green and Midsummer 

Common, which today still provide a ring of open greenery spaces around the city and University 

centre, so particular of Cambridge's townscape (Hall, 1980). 
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The most important architectural feature of Cambridge remains the system of courtyards linking 

the colleges to the city and the intricacy of the network. The private colleges, complex of 

buildings forming a series of interconnecting quadrangles, create a group of superblocks in a 

cloister arrangement around open greens and gardens. 

a) Public realm (streets and places) b) Semi-public realm (courts and arcade) 

Figure 3.7 Maps of Cambridge city centre, 1978, showing the extent of the public 
and semi-public realms. 

circumstances. Mumford (1961) affirms that both Cambridge and Oxford, like medieval Venice, 

have demonstrated a superior method of planning and grouping highly individualised urban 

quarters. The courtyard system, inherited from the monastic orders and late Roman civilisations, 

is a unique architectural built form that links private and public spaces through an intermediate 

semi-private/public space. In that sense, the courtyard undoubtedly is a transitional space. 

Courtyards create unique micro-environmental experiences when amalgamated in complex 

networks such as in Cambridge. 
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The courtyard is not planned as a space for sedentary activities but rather as a circulatory system 
distributing users to the internal spaces or stairwells leading to rooms of the adjacent buildings. 

The circulation is therefore a function of that transitional space. This use of the courtyard as a 
circulation space is quite particular of Cambridge and Oxford colleges. At Queen's College (fig. 

3.8), such college court is seen for the first time fully developed. It was however common in 

medieval residential buildings to use a passage from the street leading to a small scaled 

distributive courtyard. Many examples of this type still exist in Cambridge. Urban passages are 

also common in Cambridge in spite of the relentless process of agglutinated in the densification 

of the city centre. Such passages, with their contrived dimensions, protect pedestrians against 

the vagaries of ·the climate. They also contribute to the permeability of the urban fabric by 

offering different routes and paths of particular environmental qualities. 

Area of analysis 

The sector which is at the basis of this analysis forms a triangular shape delimited by Bridge 
Street and Kings Parade on the East and West sides, and Market Hill .and Market Street on its 

Southern side, as depicted by a dotted line in figure 3.7.b). This sector represents the core of 

the commercial city centre . Historic Ordnance Survey maps of this sector show that there has 

been no change in the street layout of this sector since the early eighteenth century. The 

7'J 

I 

I 

I 

I 

jlll 

I 

I 
I 



The Urban Realm 

network of passages and courtyards survived throughout the Victorian and Edwardian times. 
The following period has been characterised by major transformations of the urban block that 
occurred du ring the development and availability of new technologies . The most recent 
available Ordnance Survey map of Cambridge was drawn in 1978. Few densification projects 
have occurred since that time as the city centre had already been largely built. 1886 Ordnance 
Survey map is a remarkable work of survey that depicts the ground floor plan of every public and 
semi-public buildings. Similarly to Nolli's antique map of Rome, the Victorian survey of 
Cambridge city centre is a vivid illustration of the permeable pedestrian's realm and its spatial 
diversity. 
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Figure 3.9 Plans and permeability graphs showing the transformation of Cambridge city centre 
from 1886 (bottom) to 1978 (top). 
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From the late-Victorian period onwards, a slow process of densification occurred, allowing more 

retailing space. Formal courtyards such as Whewell's Courts were preserved, but informal 

courtyards with limited access to the street have mostly disappeared during that densification 

process. Passages that connected major streets also disappeared restraining pedestrians to the 

main streets. In the meantime, retailing units progressively enlarged, often encompassing ten or 

more original units. The last major transformation of the sector was the construction of new 

accommodations for Trinity college at the centre of the urban block, located between All Saints 

Passage and Green Street. The strategy of the planners was to occupy the entire prime retailing 

ground floor to create an elevated urban plaza at the centre of the new accommodations. The 

place has little links with major routes and is barely noticed by pedestrians. Residents of the 

accommodation are the sole and few occupants of the place. The centre of that block is 

depicted black in figure 3.9 to represent that non-permeability. In a levelled city such as 

Cambridge, elevated places are not liveable since they contribute little to the permeability of the 

urban fabric. In a more hilly urban context, the vertical dimension would become part of the 

urban experience and sought after. A similar approach was taken at the Lion Yard complex 

(outside the present zone of analysis) where a public place called Heidelberg Place, was 

deliberately planned at first floor level of a commercial and administrative complex. The place 

goes unnoticed by pedestrians and remains empty. Detailed surface analysis of the plans in 

figure 3.q, can be found in Appendix 8-1. 

Surface ratios 

Figure 3.1 O summarises surface ratios for the 1886 and 1978 maps of Cambridge. 

Legend: 
4% 3% 3% 3% 

• Built 

D Unbuilt 
residual 

14% 
13] Peripheral 

14% 
1% street 

65% • Courts 

D Passages 

D Place 

Figure 3.10 Surface ratios, Cambridge 1886 and 1978 -sector AB 

These charts bear great similarities, considering the strong differences of their corresponding 

plans. They identify that the 5% built ratio increase has taken place at the expense of a 5% 

reduction of courtyard spaces. Passages have also diminished by 1 %, whereas residual spaces 

have increased by 1 %. The densification of the built space has resulted in an increase of 
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residual spaces. As the built spaces replace courtyards and passages, they appear to leave a 

residual space which is non-occupable. In that sense, Cambridge illustrates the case of many 

historical urban centres. Courtyards and passages that efficiently protected against the harsh 

climate have vanished at the profit of totally internalised private spaces. 

Permeability graphs 

Whereas surface ratios are rather !imitative in expressing the real transformation of the city, , 

permeability graphs (see right portion of figure 3.9) depict more vividly the overall decrease in 

the permeability of Cambridge's pedestrian realm. The southern block of the present sector has 

particularly been subject to repeated densification exercises. An open passage that linked 

Green Street to Market Square has been agglutinated into a large departmenf store. Another 

important link made of a series of open and covered passages and courtyards, joined Bridge 

Street to Market Passage. The complexity of this particular network is worth mentioning since 

passages do not simply link major streets together, but can also, in a very intricate manner, link 

passages to passages. Figure 3.11 shows a comparative chart of the number of accessible 

spaces in function of their connectivity, from the 1886 map to the 1978 map. Figure 3.12 

summarises the number of urban spaces (vertices -v) and the number of connection (edges-e) 

they provide in function of their connectivity for both periods. 
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.1886 

D 1978 
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Connect ivity 

Comparative chart of the number of urban spaces (vertices) in 
function of their connectivity for Cambridge 1886 and 1978. 

Figure 3.12 shows that 42% of the vertices and 37% of the edges of the 1886 layout have 

disappeared. Pedestrians have therefore access to 42% less spaces and therefore 37% less 

possibilities to experience environmental diversity by spatial transition between these spaces. 

The number of spaces with limited connections (0, 1 or 2) has fallen by 50% whereas highly 

connected spaces, such as streets lined with passages leading to courty~rds, have seen a major 

reduction in the number of their connections. Bridge Street, once connected to 15 exterior 

spaces, has been reduced to 8 connected spaces, whereas Market Street has lost 7 out of its 

11 original connections to adjacent spaces. 
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Cambridge sector AB 
C'ty 1886 1978 

e V e 
0 12 0 5 0 
1 23 23 12 12 
2 8 16 5 10 
3 3 9 3 9 
4 0 1 4 
5 0 1 5 
6 1 6 0 
7 0 0 
8 0 1 8 
9 0 1 9 
10 1 10 0 
11 1 11 0 
12 0 0 
13 0 0 
14 0 0 
15 1 15 0 
.tQt~[; 

Figure 3.12 Comparative table of the number of urban spaces 
and connections in function of their connectivity 
for Cambridge in 1886 and 1978 

The Cambridge case study indicates that the transformation of the city fabric is hardly shown 

through surface ratios since the surface of small spaces, such as passages and courtyards, 

· disappears in the overall surface calculation, neglecting their significance as important elements 

of the urban experience. Permeability graphs however, demonstrate the importance of these 

spaces in the permeability of the urban fabric and therefore their potential for environmental 

transitions. The limited dimension of transitional spaces, often of the scale of internal spaces, 

makes them rather difficult to identify at the scale of the city and the urban block. 

3.3.2.2. Cardiff 

Cardiff is essentially a young city. Although founded by the Romans some two thousand years 
ago, it is not until the coal boom of the mid nineteenth century that it began to develop to its 

present state. In the following century, the population rapidly increased by almost eight times 

from 30,000 to 227,000 (Rees, 1991 ). This explosive population growth provided Cardiff with 

fascinating Late-Victorian and Edwardian monuments among which arcades are of particular 

significance. They were all connected to either High Street or The Hayes, as these were the two 

most important commercial streets of Cardiff, linking the city centre to the docks on a North

South axis. With the decline of the coal trade after the First World War, Cardiff gradually assumed 

a new administrative role. Docks were closed and offices opened; the heavy industry was 

replaced by governmental business, commerce and administrative functions. Even in the city 

centre, industrial areas soon became derelict and schemes were devised to revitalised it. 
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Area of analysis 

The area of analysis (see dotted line in figure 3.13b)) is delimited by Queen Street on the North, 

The Hayes on the West, Charles Street on the East and Bridge Street on the South. 

(!) 

a) Public realm (streets and places) b) Semi-public realm (arcades, market, and mall) 

Figure 3.13 Maps of Cardiff city centre, 1994, showing the extent of the public 
and semi-public realms. 

. It constitutes the eastern portion of the city centre and has been particularly affected by an 

extensive renovation program in the mid 1980's. Many arcade shop owners of the old western 

side of the city denounced the economic threat posed by the project but their outcry was 

quickly shut by cautious political declarations such as "We do not want the eastern part of the 
centre to dominate at the expense of the historical section of the city" by Nicholas Edwards, the 

then Secretary of State for Wales (South Wales Echo, 23 May 1985). 

The project, directed by the urban planner Colin Buchanan, nevertheless erased an entire 
mixed industrial and residential sector of the city at the profit of a massive commercial complex 

dominated by an enclosed shopping and cultural centre covering no less than ten acres. 

Queens Arcade- was 'preserved ' and integrated into the St-David's Centre, a complex 

commercial district with continuous pedestrian areas. Arcade-like passageways supplement the 

system. The particularity of this transformation is that it happened so recently in history, at a time 

when most European cities were already sensible to the protection of such derelict areas. Even 

if it had been described as a well-balanced blend of old and new, Cardiff city centre 

development is a somehow predictable scheme that could be located in any contemporary 

capital. The preservation of Queens Arcade, in the centre of the new scheme, could have 

initiated a fresh reinterpretation of the traditional arcade theme so present in Cardiff, but instead, 

it created a standard skylite mall with escalator and greenery in a mechanically controlled 
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Area of analysis 

The area of analysis (see dotted line in figure 3.1 3b)) is delimited by Queen Street on the North, 

The Hayes on the West, Charles Street on the East and Bridge Street on the South. 

(!) 

a) Public realm (streets and places) b) Semi-public realm (arcades, market, and mall) 

Figure 3.13 Maps of Cardiff city centre, 1994, showing the extent of the public 
and semi-public realms. 

It constitutes the eastern portion of the city centre and has been particularly affected by an 

extensive renovation program in the mid 1980's. Many arcade shop owners of the old western 

side .of the city denounced the economic threat posed by the project but their outcry was 

quickly shut by cautious political declarations such as "We do not want the eastern part of the 

centre to dominate at the expense of the historical section of the city" by Nicholas Edwards, the 

then Secretary of State for Wales (South Wales Echo, 23 May 1985). 

The project, directed by the urban planner Colin Buchanan, nevertheless erased an entire 

mixed industrial and residential sector of the city at the profit of a massive commercial complex 

dominated by an enclosed shopping and cultural centre covering no less than ten acres. 

Queens Arcade -was 'preserved' and integrated into the St-David's Centre, a complex 

commercial district with continuous pedestrian areas. Arcade-like passageways supplement the 

system. The particularity of this transformation is that it happened so recently in history, at a time 

when most European cities were already sensible to the protection of such derelict areas. Even 

if it had been described as a well-balanced blend of old and new, Cardiff city centre 

development is a somehow predictable scheme that could be located in any contemporary 

capital. The preservation of Queens Arcade, in the centre of the new scheme, could have 

initiated a fresh reinterpretation of the traditional arcade theme so present in Cardiff, but instead, 

it created a standard skylite mall with escalator and greenery in a mechanically controlled 
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environment. Months before its reopening, shop-owners of the nearby arcades expressed their 

concerns that the new shopping agglutination "( .. . ) will destroy them all." (South Wales Echo, 

December 1993). A fierce battle was engaged and today, some arcades have effectively lost 

their prime trading position as the shopping activity has moved from a prominently north-south 

direction to an east-west one. In 1988, a campaign was organised by shop owners to save 

Wyndham Arcade from demolition as it was already considered derelict and not very well 

patronised. Despite the political intention to preserve the historical part of the city, the 

redevelopment of the city centre had posed a major threat to historical arcades. Figure 3.14 

shows the built to unbuilt urban plan and corresponding permeability graphs of the area of 

study. 
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Figure 3. 14 Plans and permeability graphs showing the transformation of Cardiff city centre 
from 1942 (bottom) to 1994 (top). 
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Not surprisingly, these maps bear major differences, because of the important transformations 
of the area. The scale of the urban block is probably the most striking difference between the 
1942 and 1994 plans. Whereas the 1994 plan consists of a rather uniformly distributed black 
and white pattern, the 1942 plan shows an intricate combination of large, medium and very tiny 
open spaces. Past Ordnance Survey maps show that this sector had never been subject to any 
comparable sudden transformation since the coal hey-days. Detailed analysis of the plans 
referring to figure 3.14 can be found in Appendix 8-2. 

Surface ratios 

Figure 3.15 summarises the surface ratio charts for the 1994 and 1942 maps.'The overall built 
ratio has surprisingly diminished by 4%. This is rather confusing in terms of pedestrian's realm 
since this ratio usually increases with time, as a consequence of densification of the city. This 
may show the underlying intention of planning authorities to increase the openness of the city, 
as the old urban fabric is often thought to be too tight and consequently less permeable. 

Legend: 

6% 1% 3% 3% • Built 

D Unbuilt 
residual 

22% 25% II Peripheral 
street 

lllli Interior 

61% 
space 

65% • Courts 
D Place 
la Covered 

passages 

• Covered 
sidewalks 

Figure 3.15 Surface ratios for Cardiff 1942 and 1994 sector D 

The distribution .of unbuilt ratios highlights some more important aspects of these 
transformations in regard of the pedestrian environment. The charts of figure 3.15 show the 
appearance of ·totally new types of spaces in the area such as the interior shopping mall, 
covered sidewalks and the public place. The circulation space of the new shopping mall 
occupies some 5% of the total surface of the sector, and actually interiorises more than two 
thirds of the whole sector. There is also an extensive system of covered sidewalks such as 
colonnades and opaque or transparent awnings that acknowledges the importance to protect 
pedestrians from rain and snow. The fact that all these spaces are built along major streets is 
however suspicious. It stands as a testimony of the urban planners' obsession for a linear 
movement that negates the traditional narrow passages and tiny courtyards that penetrated 
deep into the core of the urban block. Two new places have also appeared but they mainly 
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consist of paved residual spaces lacking the physical enclosure of proper civic places. 
Courtyards of 1942 have all disappeared with the destruction of the old urban fabric. Even if 
more street surfaces have been planned in the 1994 scheme, 15% of this surface is practically 
used as access ramps for parking spaces and delivery. 

Permeability 

The permeability graph in figure 3.14 shows a striking image of the extent of Cardiff's 
transformation. The circulation space of the interior shopping centre is depicted as a single 
space (1 vertex) with several accesses (edges) since it is assumed to possess uniform 
mechanically controlled environmental conditions. Figure 3.16 shows a comparative chart of the 
number of accessible spaces by pedestrians in function of their connectivity in the 1942 and 
1994 maps. Figure 3.17 summarises the number of urban spaces (vertices -v) and the number 
of connections (edges-e) they provide in function of their connectivity for both period. 
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Comparative chart of the number of urban spaces (vertices) 
in function of their connectivity for Cardiff 1942 and 1994. 
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Table of figure 3.17 shows that 73% of the vertices and 53% of the edges that existed in 1942 
have disappeared. Pedestrians have therefore 73% less spaces and therefore 53% less 
possibilities to experience environmental transition between the different spaces. Moreover, 
the distribution of the vertices according to their connectivity shows that spaces with low 
connectivity such as isolated and single access courtyards (0, 1) and high connectivity ones 
such as a street lined with several access to passages or courtyards, have all disappeared at the 
profit of spaces with more performant tree-like connectivity. In fact, the only single access 
spaces consists of access for parking and delivery spaces which are not of prime interest for 
pedestrians. Whereas streets in the 1942 plan had a strong north-south direction and lacked 
obvious east-west permeability, the 1994 street layout optimises pedestrians routes. However, 
such a hierarchical layout lacks surprise and the number of environmental transitions is seriously 
diminished. The city becomes a predictable environment where the attention of the pedestrian 
lowers due to lack of sensory stimulation. 

The level of the pedestrian path is a physical dimension that is not readily noticeable in plan. In 
large scale shopping centres, horizontaiity tends to be privileged for construction and retail 
ease. Consequently, stairs and ramps are needed to link these interior spaces with street level. 
In a city with uneven topography, one would not notice such level differences but in the case of 
a relatively flat city such as Cardiff, stairs between streets and interior spaces are important 
thresholds that impart the flowing movement of the pedestrian . It expresses segregation 
between interior and exterior and negates spatial continuity. 

This analysis has shown that recent transformations of Cardiff have improved the permeability of 
the city in terms of ease of circulation, but it has notoriously decreased the diversity of choices 
given to the pedestrian for alternative routes and unexpected discoveries. Moreover, even if 
protection is offered to pedestrians by mean of a highly developed network of colonnades and 
awnings, the movement of the pedestrian is mainly restricted to the fai;:ades of the urban block. 
Access deep into the core of the urban block is only possible through a climatised environment 
which does riot contribute to environmental diversity, but rather to the isotropisation of the city. 

3.4. Conclusions 

This chapter has discussed the effect of the mechanisation of architecture and movement on 
the socialisation of the city. Movement, which was first found to be healthy to economic and 
social exchanges soon contributed to desensitise the individual body from the other urbanites 
and their physical surroundings, due to increasing speed rendered possible by the technology 
of comfort. The sealing up of buildings into public interior spaces with no reference to the 
exterior finalised the introversion of the city and the individual. Such transformation have been 
exemplified for two cities . Whereas Cambridge was submitted to a slow process of interiorisation 
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of its public and semi-public spaces, Cardiff underwent major transformations that introverted an 
entire sector of its city centre. Permeability analysis of these two cities suggests that the 
decrease in permeability is directly proportional to the decrease in environmental diversity since 
the pedestrian is offered less possibilities for environmental transitions and is restrained to the 
two-dimensional plane of the city. 

Genuine urban transitional spaces extend beyond the far;:ade of the urban block and contribute 
to a three-dimensional experience of the city deep into the urban block. They are or could be 
easily accessible by people on foot and consist of spaces such as arcades, colonnades, 
passages and courtyards. These spaces are either public, or private or semi-private. Physically, 
they are defined by the absence of any physical frontier between interior and exterior, and 
therefore enhance the permeability of the urban fabric. Environmentally, they create variable 
micro-climates along the pedestrian's journey that trigger the adaptative capacity of the 
pedestrians and improve the overall sensation of comfort without any mechanical means. The 
next chapter presents a methodology to assess dynamically the environmental conditions of 
such spaces and their diversity through the study of environmental transients. 
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4. Assessing Environmental Diversity 

The previous chapters raised the architectural and urban issues of transitional spaces in terms of 
spatial diversity. At the scale of a building, environmental diversity can be predicted 
with computer modelling, as suggested in Chapter 2. However, at the urban scale, the 
interweaving of spaces is much more complex and difficult to model due to an infinite number of 
variables. This chapter proposes a theoretical approach to the environmental diversity of the city 
according to its configuration. It also introduces a practical method to assess dynamically the 
environmental diversity of the city. A discussion of the survey results using this method then 
highlights the environmental behaviour of some existing urban configurations. Firstly, the effect 
of environmental diversity on comfort is examined, together with the physiological response of 
the body to thermal stimulation. 

4.1 The determinants of thermal comfort 

The definition of thermal comfort is complex . Researchers who have investigated the 
phenomenon of thermal comfort have been struck by the variation between individuals (Reid, 
1844, Hindmarsh and Macpherson, 1962 in Macpherson, 1980, p.23) . Physical characteristics 
(age, sex, race and body built), clothing, acclimatisation, mental and emotional factors and 
duration of exposure are all individual determinants that may influence the evaluation of the 
thermal comfort. 

A thermal environment may be characterised as comfortable when the physiological strain 
resulting from the imposed thermal stress either does not impinge on consciousness, or if any 
sensation of heat or cold is evoked, this sensation is judged to be 'not unpleasant'. This 
definition implies that the comfort sensation partly depends on the environment and on the 
individual exposed to this environment (Macpherson 1980, p.13). Mayer (1993) attempted to 
express a purely objective definition of thermal comfort. He observes that nerve ends located in 
the skin as well as in the brain seem to be responsible for the coolness and warmth sensations 
of temperature changes. 'Too cold ' is sensed when the skin temperature falls below a certain 
threshold-temperature and the cold receptors in the skin react. 'Too warm' however is sensed 
centrally but non-directionally, when a certain threshold-temperature in the brain is surpassed 
and warm receptors react combined with sweating. Warm sensors in the skin and cold-sensors in 
the brain exist too, but don't contribute to the discomfort sensation (Mayer 1993, p.399). The 
cooling action, whether too slight (hot weather) or too excessive (cold weather) , may result in 
the occupant's discomfort and physiological stress. Thermal comfort is a near optimum condition 
of equil ibrium between the human body and its environmental background. The environmental 
background must facil itate atmospheric interchanges, maintain a condition for a favourable skin 
temperature, and minimise the need for any of the more extreme physiolog ical adjustments that 
are required to maintain the balance between internal body heat gains and external heat losses. 
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Heat loss may occur by evaporation, radiation and convection, and their relative contributions as 
influenced by the air temperature of the environment. Over any significant period of time, 
comfort is achieved when the heat produced by the normal functioning of the body is being lost 
at a rate which is equal to its production (Flynn et al. 1992, p.93). 

Environmental and individual factors determine thermal comfort. Comfort can be achieved by 
various combinations of these parameters. The environmental determinants of thermal comfort 
are easily measurable: 

-air temperature (QC) 

-mean radiant temperature (QC) 

-humidity(%) 

-air movement (m/s) 

Their combined effect may be profoundly modified by individual factors such as: 

-metabolic rate (W/m2) 

-clothing level (m2degC/W) 

The Mean Radiant Temperature (MRT) is an average temperature of the surrounding 
surfaces which includes the effect of incident solar radiation. It has an important impact on the 
sensation of comfort in bioclimatic architecture when combined with air temperature in 
bioclimatic architecture. In well insulated buildings, the high MRT allows the air temperature to be 
sensibly lower than in a poorly insulated counterparts for the same sensation of comfort. Indoor 
exposure to direct solar radiation often cause discomfort by asymmetry between the exposed 
and shaded side of the body. The air temperature and the MRT are often considered as one 
single parameter, named the operative or perceived temperature. 

Humidity has little effect on comfort under steady-state conditions, but in abrupt transient 
situations such as in the passage from one space to another, the thermal effect resulting from 
different humidity levels can be two to three times higher (Goulding et al. 1993, p.62) . This 
parameter is very difficult to model with simulation programs but should be taken into account 
when designing high humidity environments such as conservatories. In low temperature 
regions, the effect of air movement, air temperature, and solar radiation largely surpass the 
effects of humidity (Steadman, 1971, p.674). The sensation of relative humidity also increases 
with air temperature. For a cold climate, humidity levels can be omitted from the chill factor and 
clothing level calculations (:6,uliciems et al. in Zrudlo, 1982, p.210). 
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Air movement is an important parameter of comfort, both thermally and dynamically. It is 
particularly relevant to transitional spaces as they filter the wind without stopping it. Thermally, it 
affects the convective heat loss from the body. Air velocity should generally be low in winter and 
high in summer, particularly in hot-humid conditions. In interior spaces, the maximum air velocity 
should not exceed 0,5 m/s to avoid uncomfortable draughts and displacement of papers (Tham, 
1993, p.297) . Penwarden (1973) suggests that 5 m/s represents the onset of dynamic 
discomfort. Chrenko observed that sensations of freshness are not only determined by the 
speed of air flow but mainly by its variability as encountered in nature (Chrenko 1974). Air 
velocity can be related to the mean radiant temperature and air temperature for particular 
metabolic rate and clothing level. 

Comfort indices establish the interaction of the precedent parameters upon each other. The 
Resultant Temperature, for example, is an ambitious expression of comfort that integrates the air 
temperature, air velocity and humidity in a single index (Missenard 1959 in McIntyre 1978, 
p.169). The bioclimatic chart drawn by Olgyay (1963), later revised by Arens et al. (1980), 
constitutes another attempt to integrate several parameters of comfort in a single index for 
bioclimatic design. However, Fanger's mathematical comfort equation is the most commonly 
adopted and the equation behind ASHRAE's thermal comfort guidances (Fanger, 1973). It 
establishes relationships between environmental variables, clothing value, and activity levels, 
and also represents the heat balance of the body in terms of heat exchange. The satisfaction of 
the equation is the condition for comfort. The advantage of Fanger's approach resides in the 
integration of a thermal sensation index known as the PMV (Predicted mean Vote) and the 
consequent PPD index (Percentage of People Dissatisfied) for a given thermal condition. 
Actual standards actually allow for a 10-20% PPD. However, Fanger's equation has been 
developed for internal conditions . It is universal and does not take into account the 
phenomenon of seasonal acclimatisation as defined by Humphreys. It is therefore hardly 
applicable to transitional spaces where the user can not expect a high degree of comfort as the 
space is semi-exposed to the ambient environment. 

Penwarden ·(1973) has adapted a mathematical expression previously developed by 
Humphreys (1970) for internal environments, by adding the solar radiation factor. The 
expression therefore integrates air movement, temperature, solar radiation, metabolic rate, and 
clothing level in the calculation of thermal comfort: 

where: Tb 

Ta 

M/Aou 

= (M/Aou)Rb + k(M/Aou)Rc + [k(M/Aou)+S] (4,2+ 13LJ0,5t1 

= body temperature 37°C 

= ambient temperature (°C) For eomtort 
= metabolic rate ( W/m1

') 
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k = dissipated metabolic heat by means other than 

evaporation = 0,8 

Rb = thermal resistance of the body 

mean value = 0,065 m2 dg CNv 

Re = clothing value 

s = solar gain per body square meter 

u = air movement (m/s ) 

(4,2+3uo,5t1 = Thermal resistance between clothing and environment 

(m2 dg CNv) 

Penwarden's approach does not determine a range of acceptable thermal conditions unlike 
Fanger's work, but it allows for a more liberal interpretation of thermal comfort conditions. 
Macpherson (1980, p.30) suggests that whilst thermal comfort rests on a firm physical basis, it is 
ultimately a subjective judgement much influenced by the previous environmental experience 
and the prevailing emotions of the concerned person. Current thermal comfort equations do not 
take into account this factor that plays a major role in the perception of the environment. 
Transitional spaces act on subjectivity in this very way by providing a sequential environmental 

and spatial experience. 

4.2. The physical determinants of urban environmental conditions 
Three physical indicators of urban form performance have been identified by Baker et al. (1996) 
for the creation of an urban porosity model: directionality, connectivity and occlusivity. They are 
particularly relevant to the present discussion on environmental diversity of the urban realm as 
these indicators are a direct expression of spatial diversity. The preliminary results of this generic 
work will also be discussed. 

Directionality 

Directionality defines the extent to which the properties of an array are the same, regardless of 
orientation. It relates the dominant orientation of the array in function of the climatic elements. In 
the study of environmental diversity, directionality is particularly interesting in indicating the 
relative length of stimulus to which a pedestrian is exposed. It should be noted that highly 
ordered arrays, such as the ones depicted in figure 4.1 can exhibit either high or low 
directionality; whilst highly disordered or random arrays, such a traditional urban fabric, tends 
towards low directionality. 
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J Cl 
• PI p 

HIGH LOW 

Figure 4. 1 Directionality (from Baker et al. 1996) 

Low directionality is clearly preferable in terms of environmental diversity. ,It indicates the 

possibility to move in any direction, and is closely associated with the permeability of the urban 

fabric whilst high directionality constraints movement in a favoured direction and therefore 

lowers environmental diversity. The presence of transitional spaces such as courts, passage , or 

arcades can significantly reduce the directionality of an array. However, in comparing the 

directionality of different arrays for the purpose of defining environmental diversity, the scale of 

the arrays should be taken into account, as two identical arrays at different scales can exhibit the 

same directionality but quite different relative permeability. 

Connectivity 

Connectivity defines the extent to which one point in an array connects with any other point. 

Whereas the same term was used in Chapter 3 as an indicator of the freedom of movement of 

the pedestrian, Baker refers to this indicator in purely climatic terms. It describes the ease with 

which an array can be ventilated by the wind. High connectivity refers to a well ventilated array 

whilst low connectivity refers to a badly ventilated one . 

• • • • 
II • • II 

• • • • 
• • • II 

HIGH LOW 

Figure 4.2 Connectivity (from Baker et al. 1996) 

The connectivity indicator highlights the paradox between the need for permeability of the 

urban fabric in terms of pollutant dispersal and the need for protection from the elements for the 

creation of comfortable micro-climates and energy conservation . High connectivity arrays 

therefore offer little protection to pedestrians but many possibilities of routes whereas low 
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connectivity arrays offer protected exterior spaces but a limited number of routes. However, this 
connect ivity, understood in Baker's work in purely climatic terms, should not be confused with 
the real spatial permeability of the pedestrian. The low connectivity courtyard array of figure 4.2, 
with the provision of physical access between the courts, would provide simultaneously, for 
instance, a low connectivity in climatic terms, as well as a high permeability level. 

Occlusivity 

Occlusivity defines the extent to which a point on the ground has a closed or open view of the 
sky. This refers to the luminous and wind environment of the urban realm. Occlusivity is directly 
proportional to the width to height ratio. 

HIGH 

Figure 4.3 

LOW 

Occlusivity (from Baker et al. 1996) 

High occlusivity is generally preferable in summer to avoid overheating of the public space whilst 
low occlusivity should be encouraged in winter for solar irradiation of the public space. However, 
in terms of wind exposure, these prescription should be reversed. Since it is clearly impossible 
to create a urban fabric that would adjust to seasonal variations, variable occlusivity appears to be 
the best way to create acceptable urban micro-climates. In terms of environmental diversity, 
controlled variable occlusivity is clearly preferable to avoid long negative environmental stimuli. 

Steemers et al. (1996) propose six simplified urban arrays to establish the links between form 
parameters and performance before entering into the complexity of real urban forms (fig. 4.4). 
These forms have expanded from three original forms: the pavilion , the terrace and the court, 
based on previous work done at the Land Use and Built Form Studies (LUBFS), now the Martin 
Centre, by Martrn and March (1972) on the potential of built form in function of plot ratios. 
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II II 

• • 
A. Pavilions 11 noors B. Courts 4 floors C. Slabs 9 noors 

• l • • ' . ~' ~ ~ ~... . . - ' . 

D. Terrace-courts 5 noors E. Terraces 6 !1oors F. Pavilion-courts 6 floors 

Figure 4.4 Arrays of various built forms (Steemers et al., 1996) 

Computer and wind tunnel simulation have examined the impact of varying different parameters 
while keeping a co-ordinate constant (site coverage, plot ratio, passivity and height), on the solar 
access and wind environment. As expected, the wind simulation have demonstrated that the 
continuous open streets or terraces perpendicular to wind direction, and the courts, 
independently of the wind direction, provide the highest wind protection. The pavilions provide 
almost no protection, particularly when placed diagonally to the wind direction. In terms of solar 
radiation impact on urban microclimates, pavilions allow 24% more solar radiation to reach the 
ground compared to the courts. Steemers (1996) however notes that this is largely due to the 
smaller footprint of the pavilions, and that, in terms of solar radiation per square meter of open 
ground, courts cast less shadow on their open ground. Nevertheless, according to context, 
either form could be relevant for cold climates. 

4.3. Speculating on urban environmental transitions 

From the previous discussion on the determinants of urban environment according to built form, 
it becomes tempting to speculate on the extent of thermal transients created by such urban 
forms. Last section concluded that among the determinant of the urban form performance, 
directionality was one of the most important. In terms of environmental diversity, directionality, 
together with occlusivity, determine wind and sun exposure, the two fundamental factors of 
thermal comfort whilst connectivity determines the ease of movement through the array. 
Environmental transitions such as the ones previously described would potentially occur 
depending on the spatial urban combinations or sequences of these factors. 

Figure 4.5 suggests the hypothetical environmental transitions generated between two urban 
arrays, the street and the court. Height is considered uniform. The wind direction is indicated in 
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the upper right corner of the figure. The vertical axis represents the theoretical environmental 
performance according to wind protection and solar radiation for these arrays in winter. The 
shown performance, although probable, is purely speculative. It also varies, as could be 
expected, according to the proportion of the array, as streets and passages are very sensitive to 
the wind direction of sun exposure. The horizontal axis represents this relative orientation of the 
elements (directionality) in function of the wi.nd and sun. The square court, having no particular 
orientation, is drawn as being moderately performant. 

+ 

Figure 4.5 

N 

CD 

90 
Orientation 

Hypothetical environmental transitions according to directionality 
and proportion of built form. 

In the figure, moving from an average scaled sunny and wind protected street to a narrow 
shaded and wind swept street (path A), would create a negative or a positive environmental 
transition according to the season. If however, a city was made only of wide streets such as path 
B, the environmental differential would not be felt so much and would result in poor 
environmental diversity according to movement of the pedestrian. In winter, note that the first 
configuration of mixed averaged and narrow streets still provide high environmental diversity 
that offers the phoice for protected or unprotected spaces whilst the second one of large 
avenues offers a continuous non-protected path. 

The real urban fabric is however much more complex and interdependent than what is 
suggested by figure 4.5. Ideally, a parametric analysis would generate the entire performances 
of some typical urban element to allow a quick appraisal of environmental transitions and 
diversity. Such graphs could also be drawn for different cities according to their own particular 
typologies so that a typical environmental transition pattern could be derived. The environment 
of the city is very complex and consequently, such generalisation remain doubtful. 
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In summary, the indicators defined by Baker et al. (1996) can be used to describe the potential 
for environmental diversity. They proved that it would be possible to plan a certain variability of 
the urban physical environment to create particular micro-environments according to 
pedestrian's paths instead of depending on a purely random variabil ity or strict repetition of a 
particular array. The simulations conducted by Steemers et al. (1996) also point out that complex 
urban arrays such as the courts, offer the best environmental performance for all seasons, and 
provide clearly defined semi-exterior spaces. 

4.4 Theoretical environmental transitions 

The previous section identified wind and sun as the two main factors affecting comfort in exterior 
spaces. An environmental transition appears when the combination of these factors vary over 
time. The variation can be abrupt, creating a marked sense of comfort or discomfort, It can also 
be subliminal, inducing a sense of neutrality and continuity caused by the slow adaptation of the 
body to new environmental conditions. A subliminal adaptation is preferable when moving from 
a comfortable environment into a less comfortable one. In such a case, the subliminal adaptation 
mitigates a marked sensation of discomfort that would need an important change to resume to 
the neutral conditions. However, when moving from a uncomfortable to a more comfortable 
environment, an abrupt transition would appear acceptable. The possibilities of such 
environmental transitions are infinite and depend as much on the nature of a given climate than 
on the nature of the built form itself. Figure 4.6 shows different combinations of solar and wind 
exposure: low, medium, and high, corresponding respectively to 0, 1 and 2. These codes do 
not refer to any precise values, but they are used to draw a synthetic portrait of possible 
environmental transients. The first number of the resulting combination refers to the wind 
condition whilst the second one refers to sun exposure. Therefore, (02) for instance, signifies a 
environmental condition characterised by low wind and high sun exposure. 

SOLAR 
RADIATION 

low (0) medium (1) high (2) 
low (0) (00) (01) (02) 

WIND medium (1) (10) ( 11) (12) 
EXPOSURE 

high (2) (20) (21) (22) 

Figure 4.6 Theoretical combinations of wind and sun conditions. 

These nine theoretical conditions can be paired to generate thirty-six different hypothetical 
environmental transitions such as (01-21) that would signify the passage form a wind protected, 
low sunlit space to a wind exposed, highly sunlit space. The most drastic environmental 
transition would unmistakably be related to the passage from a windy and shaded space to a 
wind protected and sunbathed one. Such an obvious conclusion is not as straightforward for 
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the remaining environmental transitions since wind and sun interact in a very complex way. 
Penwarden's equation (see section 4.1) may help in quantifying the corresponding thermal 

increment or decrement associated with each of them. Figu re 4.7, drawn from Penwarden's 

equation, illustrates the comfort conditions for strolling respectively in full sun (fig. 4.7a)) and in 

full shade (fig . 4.7b)) for three types of clothing levels. 
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Figure 4.7 

4 6 8 10 0 2 4 6 8 
Wlndspeed (m/s) Wlndspeed (m/s) 

a) Full sun b)Full shade 

Comfort conditions for strolling a) in full sun and b} in full shade 
(redrawn from Penwarden's equation 1970). 

10 

0,5 CLO 

1,0 CLO 

1,5 CLO 

These graphs are authoritative and constitute substantial means of studying the combined 

effects of wind and sun on thermal comfort. They show that the influence of wind on thermal 

comfort is not linear. The consequence of an increased wind speed is much greater at low 

speeds than at higher speeds. In full sun, an increase from 0,5 to 5m/s would require an . 

accompanying increase of 9°C in ambient air to maintain a thermal equilibrium of the body, 

whereas an increase from 5 to 1 O m/s would need a further rise of only 1,5 °c. Walking under a 

wind of 5m/s from full sun to shade has the same effect as a 3,6°C decrease in ambient 

temperature. Walking from full sun and still air into shade with a 5m/s wind speed is equivalent to 

a 13°C decrease in ambient temperature. This shows that the effect of environmental transition 

on comfort is more critical at relatively low speeds than at higher speeds. 

Equivalent increases or decreases in ambient temperature in order to maintain the state of 
thermal equilibrium are calculated from Fanger's comfort equation. Figure 4.8 summarises these 

equivalent temperatures in function of the thirty-six previously discussed hypothetical 

transitions. The values indicate the passage from A to B whereas moving from B to A would 

simply result in reversed values. 
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B 

(00) (01) (02) (10) (11) (12) (20) (21) (22) 
0,0 2,5 7,5 -4,5 -3,5 -1,5 -5,5 -5,0 -3,0 

5,0 -7,0 -6,0 -4,0 -8,0 -7,5 -5,5 
-12,0 -11,0 -9,0 -13,0 -12,5 -10,5 

1,0 3,0 -1,0 -0,5 1,5 
2,0 -2,0 -1,5 0,5 

-4,0 -3,5 -1,5 
0,5 2,5 

-3,0 
0,0 

Equivalent temperature differentials when moving from A to B 
in function of theoretical environmental transitions. 

These equivalent temperatures are interesting indicators of the abruptness of the 

environmental transition and the corresponding effort needed from the body to overcome the 

change. The extreme condition (02-20) noted in figure 4.8 corresponds to a 13 °C decrease in 

ambient temperature. Figure 4.9 shows a summary graph of the equivalent temperature 

differentials for each of the thirty-six hypothetical environmental transitions. 
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_ Graph of the equivalent temperature differentials function 
of environmental transition patterns. 

subliminal 
adaptation 

This graph shows that the equivalent temperature differential varies widely depending on the 

type of environmental transition. It distinctly identifies three groups of environmental transitions. 

It is tempting to speculate that these groups should favour subliminal, conscious or difficult 

adaptations to the new stimuli. A high temperature differential does · not however imply bad 

comfort conditions. It simply infers that the means to achieve thermal equilibrium would be more 

drastic, such as modification in clothing level or a significant increase in metabolic rate. In fact , 
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the instantaneous sensation of comfort can be much higher if adaptation is difficult, as 
exemplified by jumping in a cold pool on a hot damp summer day. 

Interesting generalisations can be drawn from figure 4.9: 

1- Passing from a wind protected and sunlit space to any other space would create iri average 

an important ±11 ,3°C equivalent temperature differential. It would therefore require more 
important adaptive behaviour to overcome the transition. 

2- Passing from a wind protected shaded or semi-shaded space to any other would create in 

average a ±5, 1 °c equivalent temperature differential. This would be easily overcome by 
moderate adaptive behaviour. 

3- For other transitions, passing from a moderately windy and shaded, semi~shaded or fully 
sunlit space, or from a wind exposed and semi-shaded or fully sunlit space to any other, 
would create in average a ±1,9°C equivalent temperature differential. This would barely be 

noticed and therefore be qualified as subliminal. 

These equivalent temperature differentials are the measure of the increase or decrease of 
ambient temperature to sustain comfort, assuming that the individual is either moving from or 
moving towards a comfortable environment. In practice, this situation seldom occurs in exterior 
spaces were the body is continuously stimulated by the varying environment. 

4.5. Thermal comfort analysis 

The quality of the intermediate thermal environment provided by transitional spaces is assessed 
using Penwarden's thermal equation based on body tissue resistance, which has been 
previously discussed in section 4.1 . This equation, developed in the early 1970's, still stands as 
the most complete index of outdoor thermal comfort. It includes the variables of metabolic rate, 
clothing level, wind speed, ambient temperature and solar radiation. By varying the body tissue 
resistance from the onset of sweating to the onset of shivering, graphs of optimal comfort are 
established for specific solar radiation and clothing values in function of ambient temperature 
and wind speed. However, the present research implies the frequent movement from shaded to 
sunlit positions, from out-of-door to semi-enclosed spaces. In order to gather the results of the 

survey on a single more exhaustive graph, some modifications to the original format presented 
figure 4.7 are necessary: 

the solar radiation value is zeroed and the operative temperature (mean value of 

the surveyed ambient and radiant temperatures) is used in the equation instead of 
ambient temperature, 
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the wide comfort zone is subdivided in several zones corresponding to the 

common rating of thermal satisfaction ranging from hot to cold according to 

intermediate body tissue resistance values, and 

the horizontal axis has a logarithmic scale that allows a better distribution of very 

low values of air movement in semi-enclosed spaces compared to high values in 

out-of-door ones. It is also a more representative graphical illustration of the more 

important effect of air movement at low speeds on comfort, as discussed in 

section 4.2. The length of a line drawn between two points could therefore 

represent graphically the degree of thermal transition and therefore of the extent 

or abruptness of the environmental diversity of a particular sequence. 

Figure 4.1 O illustrates the resulting graph of optimal comfort for variable clothing values in 
function of operative temperature and air movement. (Note: The curves should be smooth. The 
curious jigsaw-like lines depicted in figure 4.10 appeared after the tranfer from the drawing 
software to the word processing one.) 
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Thermal comfort graph after modifications 
(as opposed to original format in figure 4. 7) 

This adapted version of the original graph will be used throughout the discussion on thermal 
comfort transients. The vertical scale ranges form -5°C to 35°C to include most of the seasonal 
conditions that can be expected under the proposed climate. The air movement ranges from o 
to 10 m/s; any superior speeds being seriously uncomfortable and unlikely to occur in the 
present corpus of analysis. The chosen values for clothing levels are 0,5 CLO (light summer 
clothes), 1,0 CLO (typical British business suit), and 1,5 CLO (typical winter clothing with 
overcoat) . These cloth ing levels also refer indirectly of the seasonal comfort zones. 
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The comfort zones drawn on this graph are not immutable since the subjective response of 

people to their outdoor conditions is not well known. They nevertheless provide a common · 

basis for comparison of several different urban transitional configurations. 

4.6. Survey method 

Recent researches in the field of urban environmental sciences are mainly concerned with the 

energy performance of cities. Although several researchers have attempted and still work on the 

prediction of thermal comfort in a urban context, no research has actually attempted to measure 

the extent of environmental stimuli on the individual. Pignolet (1994), in his recent calculation 

code for the thermal behaviour prediction of urban spaces, has developed interesting prediction 

models, but the survey of real conditions constitutes the last step of the study, as a confirmation 

of the validity of the model. In the present study, surveys come first in order to acknowledge the 

complexity of the city. The results of the survey are not intended to validate any theoretical 

model but to initiate a discussion on the importance of urban environmental diversity and 

transients. 

The nature of this study has necessitated the development of an original method of survey to 

assess the instantaneous environmental stimuli put on the pedestrian by the built form as 

opposed to the actual thermal performance of the built form. The survey method, therefore, 

does not depend on a twenty-four hour recording of the thermal behaviour of a given space but 

by the instantaneous effect of its form on individuals as they move through it. The surveys are 

hence mostly limited to the period of early afternoon since it consists in the most critical period of 

the day during which cities are most occupied and alive with daily activities. Since the survey is 

not limited to a single site or building but to several urban forms located in different cities, the 

simplicity of the survey method is also of major concern. 

4.6.1. The portable array 

The fabrication of a portable array is inspired from a similar equipment devised for an EC project 

on indoor thermal comfort (Baker and Standeven, 1994). The array, made out of a standard 

sleep-time headset, is worn on the head similarly to a 'Walkman' type of headset, which frees the 

hands of the surveyor for the performance of other survey activities (fig. 4.11 ). The present array 

incorporates ambient and radiant temperature probes, supplemented with an omnidirectional 

anemometer, all of which are calibrated for outdoor conditions. Photovoltaic cells are also part of 

the portable array as the luminous environment provides an idea of the visual transitions 

according to thermal transients. Appendix C-1 describes the calibration and construction details 

of the portable array. A micrologger records the readings of all probes at regular intervals. 
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This array allows for the assessment of the variation of the thermal environment as experienced 

dynamically by a pedestrian strolling in the architecture of the city. The hard copy recording, as 

shown in figures 4.12 and 4.13, provides a vivid history of the pedestrian's thermal stimulus 

according to the urban space. A standardised survey sheet bearing a plan of the surveyed area 

allows for a quick parallel written description of environmentally pertinent observations and 

location of the surveyor in space according to the time displayed by the micrologger (see 

Appendix C-2). This information draws a synthetic thermal portrait of the environmental and 

spatial diversity according to time. A photographic or video survey, provides an additional mean 

for the comparison of the users' behaviour according to the environment of the space. 

4.6.2. Data transfer 

Apart from temperature readings that are readily usable in Celsius, all other values outputted 

from the micrologger are given in microvolts, and have to be converted in relevant units. A 

spreadsheet was devised to ease the time consuming transfer from the microvolt units into 

workable units. Regression curves used for illuminance and air movement are provides in 

Appendix C-1 . The spreadsheet also draws automatically three graphs for temperature, 

illuminance and air movement conditions as shown in figure 4.12 and 4.13. 

4.6.3. Survey types 

The portable array allows for static as well as dynamic surveys. Both offer particular advantages 

depending on the intended purpose of the data. 
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4.6.3.1. Static surveys 

In a static survey, the researcher stands immobile in a particular location to record detailed 

environmental conditions for an indefinite period. Static surveys offer an accurate picture of the 

environmental conditions in a ponctual location and duration. This type of survey is suited for 

the study of very subtle transitions and limited spaces. The arcade surveys were conducted 

using this method. The micrologger is set to a five second recording interval and a one minute 

log time, providing twelve readings for each particular survey locations of a space. The five 

seconds interval is rendered necessary to record the extent of the wind turbulence that is an 

important cause of discomfort. A single recording time setting is possible for all channels on that 

type of micrologger. Figure 4.12 illustrates a typical static survey graph as drawn by the 

spreadsheet. All survey graphs of urban elements and arcades referred to in Chapter 5 are 

provided in Appendix F in alphabetic order of surveyed spaces. 
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Figwe 4.12 Typical static survey graphs (Whewel/'s Court in Cambridge 
22/08/95 @ 13h57) in function of time. 

The resulting graphs show the extent of temperature, illuminance and air movement conditions 

in function of one minute recordings. The first graph depicts ambient and radiant temperatures 

in Celsius. Two globe temperature values are recorded by the probes located on each side of 

the headset. The second graph depicts the illuminance values on a logarithmic scale for the 

three photocells. The third graph depicts the air movement in meter per second independent of 

the direction. Although the five second recording interval is rather redundant for temperature 

and illuminance readings, it appears relevant to show the variability and turbulence of air 

movement. 
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4.6.3.2. Dynamic surveys 

In a dynamic survey (fig. 4.13), the surveyor moves constantly, as to recreate the pedestrian 

movement in the urban realm. The micrologger remains set to a five second recording interval 

but for an indefinite period. Dynamic surveys offer a clear evidence of the extent of thermal 

differentials to which a pedestrian is exposed when strolling in the city, but the exact location of 

such transients remains unclear in the continuous data output. In this type of recording, 

illuminance levels are of utmost utility since they clearly record the subtle or abrupt transitions 

from sunlit to shade, or any other luminous variations. 
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Figure 4.13 _ Typical dynamic survey graph (strolling in Cambridge 08/02/96@13h00). 

For a dynamic survey, the instantaneity of the probes reaction to climatic variations was a major 

concern since the physiological sensation of warmth by the nerve ends, especially from direct 

radiation, is instantaneous. Appendix C-1 indicates the alteration done to the previous version 

of the radiant temperature probes to ensure a shorter time response. After this modification, the 

time response was reduced from twenty to ten minutes, but this is still hardly instantaneous. 

Because of the non-instantaneity of the probe response, the dynamic survey could not 

practically be continuous. The surveyor has therefore to wait after an abrupt or conscious 

change in radiation for the radiant temperature probes to adapt to the variation. In this study, this 
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time response was strategically employed for the observation and recording of people 

behaviour and their environment. The slow time response does not affect the validity of the 

readings, as long as a proper period of time is allowed for the probes to adapt to the variation. 

4.7. Pilot study 

This section presents the assessment of three urban elements (the passage, the courtyard, and 

the arcade) by using the analysis framework described in the precedent section. The aim of this 

pilot study is to identify the most significant urban environmental transitional spaces in terms of 

comfort by adaptation, and the creation of environmental diversity using both static and dynamic 

types of survey. Static surveys are conducted in Cambridge whereas dynamic surveys are 

conducted in Cardiff for the continuity of its arcade network. Figure 4.14 illustrates the location 

of the surveyed urban forms in Cambridge. 

Figure 4.14 

4. 7 .1. Passage 

Location of All Saints' Passage, Whewell's Courts, 
and Lion Yard Arcade in Cambridge city centre. 

Cambridge offers a wealth of passages that penetrate deep into the dense urban fabric of the 

ci ty centre. They either act as simple pedestrian shortcuts or lively retai l spaces are generally 

adjacent to a church yard. This particular adjacency is probably inevitable, since churches are the 

only free-standing civic monuments providing some space for the creation of a passage. 

All Saints' Passage 

All Saints' Passage appears on the earliest known map of the city in 157 4, under the name of 

Dolphin Lane. It was then adjacent to All Saints' Church until the former was lost to fire in the 
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nineteenth century. All Saints' runs from Trinity Street to Sidney Street and shares half of its 

length with the former church yard although not directly accessible from the passage (fig.4.15). 

The church yard is nowadays used as an urban space accessible to pedestrians from Trinity 

Street and holds arts and crafts fairs on week-ends. The place has three sides, two of which are 

enclosed by buildings and one opens onto the street on the western side. This opening allows 

much sun in the winter whereas mature trees shade the place in the summer. Like all other 

passages associated with a church in Cambridge, All Saints' Passage does not possess any 

covered entrance. The openings at both ends of the passage complemented with a moderate 

height to width ratio reduce the protectivity of the passage but allows more light and sun in the 

winter. Figure 4.15 illustrates the plans and sections of All Saints' Passage as well as Whewell's 

Courts which are adjacent to the south. Figure 4.16 shows a spatial sequence df ·the passage. 

~I 
A- Long~udinal section through All Saints' Passage 

8- Longitudinal section through Whewell's courts 

0 
Figure 4.15 Plans and sections of All Saints' Passage and Whewell's Courts. 
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Figure 4.16 
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Entrance Along All Saints ' Place 

Spatial sequence through All Saints ' Passage from Trinity Street 
towards Bridge Street. 

Figure 4.17 indicates that on a comfortable overcast winter day (bottom curve), the temperature 

inside the passage slightly increases by 1 °C with an average 42% reduction in air movement, 

allowing the wearing of a simple business 
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suit (1 CLO) for comfort. In autumn, on an exceptionally hot day, the passage provides a 

substantial drop in operative temperature when entering from Trinity Street albeit lesser than in 

the summer at -3,5°C. Wind conditions are rather variable with a slight acceleration when coming 

from Sidney Street, followed by a marked 80% reduction . On a hot but windy summer day, at 

noon, both Trinity Street and Sidney Street are sunbathed. The passage provides then an 

abrupt 9°C and 7,5°C drop in operative temperature when entering respectively from Trinity 

Street and Sidney Street. It is interesting to note in Appendix F that the temperature differential 

between the streets and the passage is not only due to the moving from sun to shade, but also 

to a 2,5°C reduction in dry bulb temperature from the sunlit streets to the shaded passage. 

Surveys conducted in the late afternoon, show a similar drop in dry bulb temperature when 

coming from Trinity Street, but more progressively as the place is by then sunlit by a low westerly 

sun. Apart from position 3, which lays at the junction of the passage and the place, the air 

movement is reduced by 55% in the passage. Although well above the comfort zone, the 

passage provides an advantageous retreat from the sunlit arid climate of the streets. 

4.7.2. Courtyard 

The extent of courtyards in Cambridge is perhaps only equalled in Oxford on the British Isles. 

Behind the impermeable college walls, semi-private urban spaces have developed into a 

complex network that creating a secondary pedestrian path. This path forms a rich sequence of 

wide and narrow, protected and unprotected spaces. Figure 3.6 of section 3.3 has already 

shown the peripheral location of the college courts around the commercial city centre. 

Whewell's Court differs from other courts by linking two major streets (see fig. 4.15). Whewell's 

Court is particularly relevant to the present study as the series of courts and passages create a 

very popular pedestrian shortcut, albeit claimed for members only, between two busy streets at 

the centre of the city. 

Whewell's Courts 

Whewell's Courts consist in a series of three courts built in 1860 by architect A. Salvin in the 

Tudor Style as ac~ommodation for Trinity College. The variable size and degree of enclosure of 

the courts constitute an interesting example of spatial diversity within a constricted urban area. 

Figure 4.18 illustrates the spatial sequences of the courts and passages when entering from 

Trinity Street. 
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Entrance on Trinity Street Passage to First Cour1 

Passage to Second Court Second Court 

Third Court 

Figure 4. 18 Spatial sequence through Whewel/ 's Courts from Trinity to Bridge Street. 

The first court is elongated in the east-west direction and conveys a strong feeling of protection 

and massiveness. Even in the summer at noon, the sun barely reaches the ground in summer at 

noon. The garden-like atmosphere of the second court contrasts with the mineral nature of the 

precedent one. In fact, the second acts as a linking element between the two proper courts and 

offers little protection as it is open on two sides. A one story high wall separates it from All Saints' 

Passage whilst the unexpected Wolfson building, built in 1972, casts its shadow on the 

southern side. These wall and the building nevertheless create a sensible feeling of enclosure. 

The formal third court has generous dimensions and a mixed mineral and vegetal ground that 

restrains circulation at the periphery of the space, with numerous stairwells leading to members' 

rooms. This layout, as previously discussed in Chapter 3, is a direct legacy of the monastic 

tradition. It is rather surprising and so encouraging that such layout was kept well alive as recently 

as the mid-Victorian era. Despite its important dimensions, the third court conveys a comfortable 

balance between protection and airiness. In summer at noon, the court is exactly divided in two 

halves of sun and shade whilst the winter sun reaches the northern fac;:ade and stone path. 
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Comfort conditions for three seasonal strolls through Whewell's Courts. 

On a calm overcast winter day, only the first one (position 3) provides a slight 2°C increase in 

temperature and a substantial 80% wind reduction that allows the removal of one layer of 

clothing when coming from Trinity Street. The second and third courts present no significant 

variation from the street conditions. All covered passages linking the courts are found to be 

consistently warm but offer no noticeable wind reduction; the covered passage (position 8) 

being an exception as the door leading towards Sidney Street is closed on this particular day. 

On this sunny winter day, only the north-east corner of the third court receives direct insolation. 

The highest recorded globe temperatures in figure 4.13 (Strolling in Cambridge 

08/02/96@13h00) correspond precisely to the north-east corner of that court. The combination 

of wind protection, direct solar radiation, and the indirect radiation coming from the nearby sunlit 

stone walls create a very comfortable localised micro-climate. On a warm autumn day, all spaces 

but the sunlit section of the third court, provide a significant 3,5°C drop in operative temperature 

compared to the sunlit Trinity Street. Covered passages offer a better wind reduction than the 

courts, the first and third courts being more windy than the streets. On a damp and torrid 

summer day, a rather strange phenomenon appears as air movement in the courts and covered 

passages is found to be consistently higher than in the streets. At an average of 2,6m/s in the 

streets, air movement can be considered non-existent whereas the averaged 0,9 m/s air 

movement in the covered passages and courtyards is clearly noticeable. All spaces but the 

sunlit section of the courtyards (position 4, 7, 1 O) provide a 7°C operative temperature drop 

compared to the sunlit Trinity Street, and a 1,5°C drop compared to the shaded Sidney Street. It 
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is again relevant to notice that the important drop in operative temperature is not only due to the 

passage from sun to shade but to a considerable drop in dry-bulb temperatures as suggested 

by the temperature graph in Appendix F. In the same Appendix, the illuminance graph illustrates 

more vividly the abrupt visual chiaroscuro between dark shaded passages and bright sunlit 

courts. Many fortuitous meetings were found to occur in the covered. passages since they often 

act as the ante-room to stairwells, pigeonhole rooms or common rooms. 

4.7.3. Arcade 

Lion Yard Arcade constitutes the only example this building type in Cambridge. It is not neither a 

'real ' arcade in the proper description and bears little similarity to its predecessors apart from 

having a glazed roof. Lion Yard Arcade is part of a larger development designed in 1971 by Arup 

Associates on a site that was previously occupied by domestic and commercial buildings. 

Although the new development improves the east-west permeability of the site with provision 

for an arcade, it replaced several streets, lanes and passages that must have offered great 

environmental diversity, by deep plan climatised buildings and car parks. The arcade is 

accessible from two major entrances respectively on Petty Curry and behind St-Andrew's 

Church, and a minor entrance leading to parking facilities. In their wit, the planners even created 

a public plaza at first floor level which remains unnoticeable from ground floor. Perhaps Tom 

Sharpe (1996), in Grantchester Grind, his last satirical portrait of Cambridge life, describes more 

accurately the transformations of Lion Yard. 

"(. . .) 'Did you say ... You did say the Lion's Yard?' he asked. Awe wasn't an adequate 

word now. Horror was more like it. 'He means the car park ... the parking lot', the 

Bursar explained. (. .. ) 'It's called the Lion Yard after the lovely old pub that used to 

stand there'. 'Oh, I remember the Lion so well', said the Chaplain, who had joined 

the gathering outside the Porter's Lodge. 'Such a shame they knocked it down. It 

had a delightful walkway, almost an arcade with leather sofas on either side and little 

insurance offices and shipping agents behind them. I used to sit there and have 

coffee in the morning. ( .. .) Such fun." 

(Sharpe, 1996, p.97) 

The 'L' shaped arcade is double loaded with shops at ground floor and separates the building in 

offices and library space on the upper floors. The deep plan of the shops in Lion Yard Arcade 

requires a year round climatisation. The single plane roof is fully glazed with a 30° angle towards 

east and north. The east-west section increases progressively in height from St-Andrew's 

Church towards the central place. The entrance at St-Andrew's Church is rather abrupt, 

consisting only of a lowering of the glazed roof, whereas the entrance on Petty Curry consist of 

a more typical low ceiling passage which, in that case, is as large as the arcade. Apart from the 
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wide opened entrances, natural ventilation is provided by fixed vertical louvers or bare openings 
located at the changes of roof levels. 

B 

A- Section of the north-south wing 

Petty Cury 
7. 

•·· -,F:\:~f.;;:.:-~---. 

Jp 
I f/l • •4 ..... -.-.. ---------' i 

Central space 

East-west wing 

,·,·: 3· i:>)2• :•1-e~ •····-······· ,-- ·-.: L C ~ Entrance from St-Andrews Street 

~A ~ ~ 

B- Section of the east-west wing 

0 5 10 
c=--

30m (!) Roof detail 

Figure 4.20 Plan, sections and typical bay of Lion Yard Arcade. 
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Comfort conditions for seasonal strolls through Lion Yard Arcade. 

On a warm winter day, with all shops heated with doors opened, temperatures drop slightly at 

both entrances, and gradually increase by 4°C in the centre of the arcade, whereas air 

movement increases at entrances and gradually decreases towards the centre . On a 

comfortable autumn day, the air movement again increases at entrances, but quickly decreases 

while walking towards the centre of the arcade with no significant temperature differential. On a 

very hot summer day, air movement is accordingly minimal but relatively variable throughout the 

arcade. The arcade does not overheat, providing a -2°C operative temperature transient at the 

low ceiling entrance on Petty Curry, and even conditions at the glazed entrance. These good 

summer conditions are most probably due to the climatisation of almost all shops in the arcade 

with their opened doors literally cooling down the arcade by natural air exchange. Given its low 

height to width ratio of 1,9, a 100% roof glazing ratio, and a very low opening to volume ratio, the 

Lion Yard Arcade without air-conditioned shops would have undoubtedly overheated. In fact, 

air-conditioned shops located on the northern fagade of the arcade, and therefore exposed to 

diffused sun through the translucent roof, appear to badly overheat on several surveys (see 

Appendix F) . Inside the arcade, the air movement observed over three seasonal surveys is 

surprisingly variable in relation to the low opening to volume ratio. The openings in the envelop, 

although small, are mostly located at the entrances, which provide direct access on the streets. 

This concentration of openings together with the large scale of the arcade is thought to provide 

less obstruction to wind than scattered openings and smaller scale, that would break the wind 

turbulence and acceleration. 
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4. 7 .4. Strolls in Cardiff 

Cardiff city centre offers a great diversity of public, semi-public, climatised and non-climatised 

spaces. A stroll was determined to encompass the maximum of these spaces to conduct some 

seasonal dynamic surveys using the portable array. Figure 4.22 illustrates the path that starts on 

Castle Street and terminates on St-John Street. 

Castle Arc 

I • 

) 

Figure 4.22 A stroll in Cardiff city centre. 

• non-climatised 

• semi-climatlsed 

climatised 

Castle Street is the heavily motorised continuation of the pedestrian Queen Street, the major 

east-west commercial artery of Cardiff. Castle Street is a very busy and noisy thoroughfare at all 

times. When entering Castle Arcade, the pedestrian is seized by the relative silence of the 

space and is attracted by numerous specialised shops ranging from cafes to wigs specialists . 

After an abrupt right angle turn, the pedestrian then proceeds towards High Street, which is the 

main north-south commercial artery leading to the docks. High Street is very frantic with fast 

moving buses, taxis, and cars. It creates and almost non-permeable moving wall, rendering 

impossible the direct crossing of the street towards High Street Arcade. The pedestrian has 

therefore to find the nearest protected pedestrian crossing area. High Street Arcade constitutes 

an agreeable ret reat from this noisy and disorienting chaos. This arcade .could by rightly named 

the fashion arcade as so many shops display examples of the current fashion. The pedestrian 

then notices the entrance to Duke Street Arcade on the left and resume the stroll towards St

John Street. This section of St-John Street is rather quiet compared to its noticeable activity 

fu rther south . Not so many pedestrians seem to use this portion of the street, preferring 
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obviously the nearby entrances to the Queen-St-David's shopping centre. For the purpose of 

this study, the pedestrian enters Queen Street- St-David's shopping centre from the pedestrian 

section of Queen Street which abounds in high street, large scale national retail stores in 

contrast with the earlier miniature shops of the arcades. The pedestrian proceeds through the 

former Queen Street Arcade without noticing its former identity. This arcade no longer bears any 

remnants of its former atmosphere and constitutes an anonymous continuation of the new St

David's shopping centre. Few steps and a low ceiling, artificially lit corridor inform the visitor of 

the transition between the two. Once out on Hill Street, the pedestrian discovers an extensive 

network of covered walkway leading to the Flee Market which is not much used. The Flee Market 

is located in a very incongruous space, almost cut out from the rest of the commercial core, 

overlooking the delivery entrances of the high street stores. The itinerary does not reach the 

market but turns right on a wide an wind swept street, which has incidentally got no name, 

leading to the Central Library. The pedestrian then enters Oxford Arcade. This arcade was built 

during the recent transformation of the city centre. Although it borrowed the name arcade from 

its older predecessors, Oxford Arcade bear no resemblance to the arcade type. It consists of 

long low corridor marked by a skylit space at mid road between The Hayes and Library Street. 

Large retail stores with ample displays border this rather dull corridor. Once back on The Hayes, 

the city life burdens again with the shouts of the fruit merchants and the activities of the 

pedestrians. Just across the street lies Royal Arcade, which is the first arcade of Cardiff's 

network. Royal Arcade is still today a busy thoroughfare of people circulating between the city 

centre and the bus and train station. The pedestrian then walks a short distance on High Street 

before turning right into Morgan Arcade. This arcade is well remembered to be amongst the 

most luxurious and convivial arcade of Cardiff. At mid block distance, the arcade separates in two 

wings, one for pedestrian and the other for delivery use. The glazed roof follows the complex 

sinuosity of the plan and leads to a long dark passage towards The Hayes. Wharton Street, 

extremely quiet compared to the frantic atmosphere of the arcades, leads to High Street. The 

stroll finally crosses the covered, semi-climatised Central Market and ends up on St-John Street. 

This walk is not meant to be typical in any means but it constitutes one of the many possible 

pedestrian's itinerary in that city centre and was devised to optimise the exposure to different 

microclimates. · 

The winter surveys were conducted during two successive cold days. The fi rst day was overcast 

with intermittent sleet falls, and the second day was clear with a sunny sky. Survey graphs of the 

envi ronmental conditions are depicted in figure 4.26, 4.27 and 4.28. The overlay of a schematic 

environmental ruler offers a vivid thermal scenario representing the variability of the thermal 

environment according to space and time. 

For the overcast day, the free-running intermediate environments of the arcades are clearly 

identifiable from the more controlled environments of the shopping mall and market, especially 
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obviously the nearby entrances to the Queen-St-David's shopping centre. For the purpose of 

this study, the pedestrian enters Queen Street- St-David's shopping centre from the pedestrian 

section of Queen Street which abounds in high street, large scale national retail stores in 

contrast with the earlier miniature shops of the arcades. The pedestrian proceeds through the 

former Queen Street Arcade without noticing its former identity. This arcade no longer bears any 

remnants of its former atmosphere and constitutes an anonymous continuation of the new St

David's shopping centre. Few steps and a low ceiling, artificially lit corridor inform the visitor of 

the transition between the two. Once out on Hill Street, the pedestrian discovers an extensive 

network of covered walkway leading to the Flee Market which is not much used. The Flee Market 

is located in a very incongruous space, almost cut out from the rest of the commercial core, 

overlooking the delivery entrances of the high street stores. The itinerary does not reach the 

market but turns right on a wide an wind swept street, which has incidentally got no name, 

leading to the Central Library. The pedestrian then enters Oxford Arcade. This arcade was built 

during the recent transformation of the city centre. Although it borrowed the name arcade from 

its older predecessors, Oxford Arcade bear no resemblance to the arcade type. It consists of 

long low corridor marked by a skylit space at mid road between The Hayes and Library Street. 

Large retail stores with ample displays border this rather dull corridor. Once back on The Hayes, 

the city life burdens again with the shouts of the fruit merchants and the activities of the 

pedestrians. Just across the street lies Royal Arcade, which is the first arcade of Cardiff's 

network. Royal Arcade is still today a busy thoroughfare of people circulating between the city 

centre and the bus and train station. The pedestrian then walks a short distance on High Street 

before turning right into Morgan Arcade. This arcade is well remembered to be amongst the 

most luxurious and convivial arcade of Cardiff. At mid block distance, the arcade separates in two 

wings, one for pedestrian and the other for delivery use. The glazed roof follows the complex 

sinuosity of the plan and leads to a long dark passage towards The Hayes. Wharton Street, 

extremely quiet compared to the frantic atmosphere of the arcades, leads to High Street. The 

stroll finally crosses the covered, semi-climatised Central Market and ends up on St-John Street. 

This walk is not meant to be typical in any means but it constitutes one of the many possible 

pedestrian's itinerary in that city centre and was devised to optimise the exposure to different 

microclimates. 

The winter surveys were conducted during two successive cold days. The first day was overcast 

with intermittent sleet falls, and the second day was clear with a sunny sky. Survey graphs of the 

environmental conditions are depicted in figure 4.26, 4.27 and 4.28. The overlay of a schematic 

environmental ruler offers a vivid thermal scenario representing the variability of the thermal 

environment according to space and time. 

For the overcast day, the free-running intermediate environments of the arcades are clearly 

identifiable from the more controlled environments of the shopping mall and market, especially 
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in the temperature graph. Arcades also provide more daylight than the shopping mall and 

therefore facilitate the adaptation when entering from the street. On such a dull winter day, the 

arcades provide the only non-climatised shelter from the cold and wet streets. The comfort 

graph in figure 4.23 (see corresponding environmental conditions, fig. 4.26) shows that all 

public spaces conditions fall beyond the comfort zone, whereas arcades conditions just fall 

within the comfort zone for pedestrian wearing winter clothes. 
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Figure 4.23 

Air movement (m/s) 

Comfort conditions for a stroll in Cardiff city centre, 
on a cold overcast winter day (25/01/96). 

The arcades produce an average increase of the operative temperature of 4,5°C with an 

accompanying 84% reduction in air movement. The two semi-public spaces that performed 

exceptionally well correspond to the climatised shopping mall (upper dot) and the semi

climatised covered market, where pedestrians could stroll comfortably in autumn clothes. 

The next day, under a bright sunshine, the temperature graph shows much diversity according 

to the presence or absence of direct sun radiation (fig. 4.27). Sharp peaks in the High Street

Duke Street Arcades recording correspond to shorts stays in shops. A longer stay in a shop of 

Morgan Arcade is also shown on this graph. Figure 4.24 demonstrates that the reduction of air 

movement in semi-public spaces, such as the arcades, manifestly compensates for the absence 

of direct solar radiation as found in the adjoining open public spaces. In fact, the only outdoor 

public location to approach comfort conditions is where the pedestrian stands in full sun with 

protection against the wind. Other semi-public spaces, such as the market and the shopping 

mall, performed better but they are however semi-climatised. Interestingly, even the thermal 

conditions of the non-climatised shops in arcades fall into the comfort zone, affording a lesser 

clothing level. 
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Comfort conditions for a stroll in Cardiff city centre, 
on a cold sunny winter day (26/01/96). 

On a hot summer day (see environmental conditions in fig. 4.28), the variability of the 

environmental conditions is maximal. The high summer sun reaches many urban spaces, 

creating a visual and thermal chiaroscuro depending on sunlit or shaded spaces. Even the 

distinction between climatised and non-climatised spaces becomes less marked. 
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Seasonal comfort conditions for strolling in Cardiff city centre, 
on a hot sunny summer day (14/06/96). 
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Figure 4.25 shows that under such circumstances, the arcade environment lays between the 
conditions of the shaded and sunlit streets. The direction of the pedestrian plays a major role on 
the sensation of comfort. When entering the arcade from a sunlit street, the operative 
temperature suddenly drops by 3°C with a gradual 54% reduction in air movement, which 
counterbalances the positive cooling effect of the temperature drop. When leaving the arcade 
towards a shaded street, another 3°C decrease in operative temperature would be felt with an 
accompanying 46% increase in air movement. In the last sequence, the body is exposed to a 
gradual cooling that is not as strongly felt as if the pedestrian would walk from the sunbathed 
street directly into the shade. In reverse order, the heating up along the walk occurs 
progressively so that the heating effect is not again as strongly felt as if the pedestrian would 
walk from the shaded street directly into the sun. This gradual process of adaptation of the body 
initiated by the intermediate environment of the arcade constitutes the main advantage of such 
space and relieve the pedestrian from any too abrupt environmental variation. 

4.8. Conclusions 

This chapter has proposed a theoretical quantification of environmental transitions likely to occur 
when varying sun and wind exposures. The portable sensor array devised for this study has 
proven to be very sensitive to environmental variations. The slow time-response of the radiant 
temperature probes is a problem that could not be resolved within the scope of this project. It 
results in a slower surveying process, but allows for more exhaustive observations of the user's 
behaviour. A survey method has been developed to practically assess the extent of these 
thermal transients in real urban transitions. The graphical method of analysis provides an 
effective way of assessing the impact of such environmental transitions on the sensation of 
comfort. Comfort graphs confirm the effective microclimatic conditions created by these spaces. 
The results initiate a discussion on the extraordinary diversity of thermal transients, as 
experienced by pedestrians according to the urban form. Passages, cours traversieres and 
arcades are genuine free-running transitional spaces that play a major role in the thermal 
scenario, adding to the pleasurable diversity of the urban experience. 

The cours traversieres proves to create an efficient method of increasing permeability by the 
establishment of a clearly defined intermediate space, whilst preserving highly private urban 
quarters. In the summer, they offer the most striking thermal diversity by the alternation of sunlit 
courts and shaded cool passages, but in the winter, they encourage wind turbulence and a lack 
of solar radiation. The passage is significantly cooler than the adjoining streets and sometimes 
increases wind speed by the Venturi effect to provide a cooling effect in the summer. This air 
acceleration and shade becomes however a source of discomfort in the winter. 

The example of the arcade, although not the ideal representation of this building type, behaves 
satisfactorily for all seasons. In summer, when penetrating into the arcade from the sunlit street, 
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the operative temperature decreases progressively to equal the temperature of the opposite 
shaded street. Notwithstanding the reserves due to the climatisation of most of the shops in the 
present example, the arcade does not overheat. In autumn, the temperature inside the arcade 
was slightly superior to the ambient one whereas in winter, it was found to be clearly superior to 
ambient conditions. The air movement is also found to be high ly variable throughout the 
seasonal surveys, which contradicts the common belief that arcades lack air changes and suffer 
from stuffiness. 

Of the three examples of urban elements, the arcade is the most performant in terms of 
temperature differential between the ambient conditions and the interior. However, these pilot 
surveys have identified that the arcade allows for a progressive increase or decrease in 
temperature when entering or exiting, contrary to the passage or courtyard elements. This 
particular thermal behaviour which is due to the spatial configuration and degree of opening of 
the arcade to the ambient environment. The arcade favours a subliminal environmental 
adaptation that liberates the pedestrian from abrupt environmental changes that could lead to 
discomfort. The arcade therefore encourages environmental diversity in a way that does not 
impede the comfort of the user. However, the spatial configuration, orientation, and balance 
between opaque and transparent surfaces, are variables that determine the thermal behaviour 
of the arcade. A basic computer simulation in Chapter 2 has demonstrated at a building scale, 
that the relationship between a massive and a transparent element can either control or 

· exacerbate the internal environment. The Arcade corresponds to the Adjacency configuration 
of this transitional typology at an urban scale. Next chapter investigates more exhaustively the 
impact of these variables on the thermal behaviour of existing arcades by using the survey and 
analysis methods previously developed. 
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The Arcade Environment 

5. The Arcade Environment 

5.1. The corpus of study 

The arcades selected for this study are located either in London and Cardiff, with the exception 

of the Lion Yard Arcade in Cambridge, which has been selected for the pilot studies. Arcades in 

Leeds were also part of the corpus at the beginning of the survey campaign but were soon left 

out since it became evident that London and Cardiff offered enough variety to produce a 

significative comparative study. Since the summer seasonal survey was the only completed 

one, Leed's arcades surveysdo not figure in the following seasonal analysis but summer 

surveys appears in Appendix F. London and Cardiff offer a w~alth of diverse arcades in terms of 

geometry, orientation, degree of aperture, and transparency. Figure 5.1 illust~ates the extent of 

the variability in plan, orientation, and section of the arcade corpus in London and Cardiff. After 

some suspicious dimensions were identified in major reference books on arcades [Geist, 1983 

and MacKeith, 1985), it was felt necessary to measure systematically all arcades of the corpus to 

draw relevant conclusions. Length was measured from Ordnance Survey maps whilst width and 

height, the two major sources of errors were measured using an electronic device, the 

Estimator, and a standard measuring tape. Wherever possible, detailed measurements of roof 

and clerestory openings were obtained but otherwise, these dimensions were estimated by 

geometric proportions and accessible references points (see notes in Appendix D). 

London Cardiff 

Royal 

Castle 

Covent Garden 

Leadenhall 

High St 

Covent Garden 

Leadenhall 
Royal 

Quadrant 
Burlington 
Piccadilly 
Royal Opera 

Figure 5. 1 Arcade corpus in London and Cardiff. 
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The particularity of Cardiff's late Victorian arcades do not reside in their grandeur, as suggested 

by very few words by Geist in his seminal book on the arcade type, but in the intricacy of their 

plans and the way they have developed as an important network of semi-public spaces in the 

core of the city centre. Their very irregular configurations offer accessibility to spaces set back at 

a considerable distance from the street, and in that sense, approach the geometry of their 

French predecessors. 

London's arcades are comparatively few in number given the size of the city. They are however 

more pompuous, but retain a simple geometry and are somehow unrelated to the main 

pedestrian routes, apart from some exceptions. Early examples such as the Ffdyal Opera and 

Burlington Arcades were built in conjunction with large urban planning projects directed by John 

Nash, between Regent's Park and the Strand, to relieve traffic congestions. For the purpose of 

this research, Leadenhall and Covent Garden Markets, although not pure arcade types in Geist's 

strict definition, are considered as they provide good examples of large-scale covered urban 

spaces that complement the otherwise evenly proportionned corpus. In opposition to Cardiff, 

London's corpus is scattered from the East End to the West End but, it nonetheless proposes a 

great diversity of configuration in section, plan, and orientation. 

a) London West End 

Figure 5.2 Location of London West-End and Cardiff's arcades 
(redrawn from Ordnance Survey Maps) 

J 
D 

b) Cardiff 

Figure 5.3 summarises the most relevant properties and ratios for the corpus of arcades. This 

table should be consulted in parallel with the incoming discussion on comfort transients and 
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seasonal performances. Detailed measurements and more exhaustive comparative tables can 
be found in Appendix D. The names of the arcades correspond to the following abbreviations: 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 

Bu 
Al 
Le 
CGh 
CGa 
Ou 
Ro 
Pi 

London 
Burlington Arcade 
Royal Arcade (London) 
Leadenhall Market 
Covent Garden Market (Halls) 
Covent Garden Market (Central Avenue) 
Quadrant Arcade 
Royal Opera Arcade 
Piccadilly Arcade 

Orientation Length FH/ Volume 
w 

/180° (m) (m3) 

Qu* 9 RI 39 Cgh 0,4 Ds 1172 
CGa 53 Qu* 45 Ox* 0,6 Pi* 1461 
Cgh 53 Pi* 49 Le 1,0 Qu* 1476 
Mo 56 Ds 51 CGa 1,2 RI 1480 
Re 56 CGa 72 Ro 1,4 Ro 1819 
RI 57 Cgh 75 Ly 1,5 Ox* 2209 
Hs 62 Ro 78 Bu 1,6 CGa 2664 
Ox* 65 Le 97 Pi* 1,7 Hs 2888 
Ly 95 Hs 105 Hs 1,9 Re 3452 
Le 106 Ox* 116 Re 1,9 Mo 4672 
Ca 127 Ly 123 Qu* 2, 1 Ca 4962 
Bu 147 Ca 126 Ds 2, 1 Bu 5143 
Ro 151 Re 135 Mo 2,2 Ly 7947 
Ds 151 Bu 178 Ca 2,4 Le 9975 
Pi* 151 Mo 205 RI 2,4 Cgh 10613 

Ds 
Hs 
Ca 
Re 
Mo 
Ox 

Ly 

Glazed 
roof 

(%) 

Qu* 0 
Ox* 9 
Pi* 12 
Ro 14 
CGa 50 
Bu 67 
Cgh 67 
Le 88 
RI 90 
Ds 96 
Hs 100 
Re 100 
Ca 100 
Mo 100 
Ly 100 

Cardiff 
Duke Street Arcade 
High Street Arcade 
Castle Arcade 
Royal Arcade (Cardiff) 
Morgan Arcade 
Oxford Arcade 
Cambridge 
Lion Yard Arcade 

0/E 0/V ,. 

(%) X10 E-4 

Bu 1,7 Ly 2,2 
Ro 1,8 Bu 3,3 
Ly 1,8 Re 6, 1 
Ox* 1,8 Ox* 8, 1 
Re 2, 1 Ca 8,2 
Qu* 2,6 Mo 9,5 
Ds 3,2 Ro 9,6 
RI 3,3 Hs 11,6 
Hs 3,4 Le 13, 1 
Ca 4, 1 Qu* 17,7 
Pi* 4,4 Cgh 18,9 
Mo 4,5 RI 22,5 
Le 13, 1 Ds 27,0 
CGa 15,5 Pi* 30,0 
Cgh 20,0 CGa 58,2 

Figure 5.3 Table of arcade corpus' properties sorted in ascending order. 

The arcades marked with an asterisks have a solid roof. The orientation is determined as the 
clockwise angle measured from due north. It cannot therefore excess 180°. For the complex 'L' 
shaped configurations (see italics), the orientation has been estimated as the angle of the 
hypotenuse taken from the junction of the corridors. The length includes entrance passages. 
Height in the height to width ratio (FH/W) corresponds to the height of the solid fagade of the 
arcade compared to the total height, which would be measured at the ridge of the roof (see 
Apppendix D for this value). The volume includes the space for entrance passages. The glazed 
roof ratio is the percentage of glazed roof to the total roof surface. It could hardly be measured 
directly and is therefore estimated from photographs and geometrical relations. Secondary 
structural elements were not substracted. The openings to envelop ratio (0/E) represents the 
ratio of all the openings, including the clerestory and louvers ones, to the total envelop (solid 
and void) of the arcade space. This surface ratio does not take into account the volume of the 
arcade. Two arcades could therefore share identical openings to envelop ratios and have an 
important difference in their overall volumes. Moreover, since air movement is directly linked to 
the size of the aperture and the interval volume, a more representative ratio, hereafter called 
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openings to volume ratio (0/V) , is introduced. This ratio provides a better mean of qualifying 
each arcade, and is a direct measure of physical internal/external continuity. For instance, Royal 
Opera, Lion Yard, and Oxford Arcades, which shared an identical opening to envelop ratio, are 
adequatly distinguished from one another using the openings to volume ratio. 

Fifteen arcades, eight in London, six in Cardiff, and one in Cambridge were surveyed seasonally 
between April 1995 and June 1996, over twenty outings (figure 5.4). Wherever possible, 
environmental conditions were surveyed three times a day, that means early in the morning, in 
the afternoon between around 14h00 and 15h00 GMT, and late afternoon. The surveys have 
produced forty-eight entries for the winter, thirty-seven for the summer, and thirty-one for the 
autumn. Appendix E summarises the most relevant data of these entries. 

Cambridge Cardiff London 
Summer 10/08/95 07/08/95 03/08/95 

31 /08/95 
17/06/96 14/06/96 09/06/96 

Autumn 16/10/95 11 /10/95 14/10/95 
21/10/95 

Winter 16/01 /96 24/01/96 13/01 /96 
21 /01 /96 25/01/96 10/02/96 
22/01/96 26/01/96 
08/02/96 

Figure 5.4 Dates of surveys. 

The wealth of data collection allows for two levels of analysis, which are the subject of this 
chapter. The first investigates the nature of environmental transients as experienced by 
pedestrians in terms of thermal comfort whilst the second one, more generic and global, deals 
with the assessment of the environmental performance of arcades in terms of temperature 
differentials and property ratios . For the environmental transient assessments, a discrete 
knowledge of the immediate thermal components of the environment as surveyed is essential, 
whereas for environmental performance, ambient temperature suffices to draw global seasonal 
conclusions. It could be argued that this second level of analysis moves somehow away from the 
main object of this research but it was felt that it is the only way to express the present concept 
of thermal transients in a simple an effective language, common to environmental studies. It 
moreover constitutes a summary of the more particular and discrete case discussions on thermal 
transients. 

5.2. Environmental transients 

For the purpose of this type of study, a thermal comfort chart has been devised, based on 
Humphreys' equation for thermal comfort (see section 4.5). This chart allows for the comfort 
appraisal in function of operative temperature (an average value of globe and dry bulb 
temperatures), air movement, activity, and clothing level. In figures 5.5, 5.6, and 5.7, such 
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operative temperature of the streets, arcades, and their shops are plotted against a thermal 
comfort graph for each season for the entire corpus of study. These graphs, which include 
sunny, as well as clouded survey days, depict some noticeable seasonal tendencies. 

In summer (fig. 5.5), the average arcade internal temperature is clearly above the comfort zone, 
but the street temperatures, in many cases, exceed the arcade one. The arcade, although 
warm, constitutes therefore a cool refuge from overheated streets. In fact, the average operative 
temperature differential between arcades and streets has been found to be equal to zero, whilst 
the arcade condition is 0,8°C warmer than the streets, when considering ambient temperature 
only. The arcade reduces air movement by 60%, which unfortunately increases thermal 
discomfort, but may lessen the dynamic discomfort created by the wind in the open streets. In 
extreme draught, many people have complained of the stuffiness of the arcade but it has ot be 
remembered that the summer of 1995, during which most of the summer surveys have been 
conducted, broke several temperature records. Daylight levels are also reduced by 42%, which 
diminishes glare from the direct sunlight or hazy shy, increasing visual comfort. Shop conditions, 
which here include climatised as well as non-climatised ones are quite cooler, -2,9°C, than the 
adjoining arcades. The overall relative good performance of the arcade is probably due to the 
shading effect of the roof, the average difference between ambient and operative temperatures 
being as low as 0,3°C. 

35 

30 

25 

-(.) 20 0 -(I) ... 
::s 15 .... 
(ll ... 
(I) 
a. 10 E 
(I) .... 
(I) 5 > -:;: 
(ll ... 
(I) 0 a. 
0 

-5 

I 
0, 1 

' 
I f v I I I I I I I \'/ 

0,2 0,4 0,6 0,8 1 2 

Air movement (m/s) 

I I I I I I 
4 6 8 10 

0,5 CLO 

1,0 CLO 

1,5 CLO 

a Streets 

t Arcades 

0 Shops in 
arcades 

Figure 5.5 Summer comfort conditions for the entire arcade corpus. 
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In autumn (fig. 5.6), thermal conditions are almost perfect in the streets. However, the arcades 
and the shops slightly overheat. The average operative temperature differential is slightly higher 
than in summer, of the order of 0,9°C, whereas the ambient temperature differential equals 
1,6°C. This increase, coupled with a 66% decrease in air movement from the street to the 
arcade, can easily create discomfort since in the comfortable conditions of the street, such 
variations are not expected. A daylight level .reduction of 84% may be explained by the lower 
solar angle, allowing less penetration of solar rays deeply into the arcade. Surveys were mostly 
all conducted under clouded or hazy skies. Shop conditions are. surprisingly high, 2,9°C warmer 
than adjoining arcade spaces. 
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Figure 5.6 Autumn comfort conditions for the entire arcade corpus. 

In winter (fig. 5.7), the micro-climatic effect of the arcade is well represented. The two sets of 
clouds correspond to either warm winter days (dotted line) or cold winter days (solid line). On 
cold days, the great majority of the arcade conditions fall inside the thermal comfort zone, 
whereas the majority of street conditions fall well below it. An average operative temperature 
differential of 1,9°C and an ambient temperature differential of 2,4°C confer to the arcades a 
considerable advantage over the streets. Moreover, air movement is again reduced by 60%, 
which increase the thermal and dynamic comfort. The daylight level is also reduced by 79%. The 
temperature differential is almost man-existent on warm days. There is nevertheless a sensible 
reduction in wind speed inside th arcade. The thermal conditions of the shops are acceptable at 
all time. Air movement is however superior on warm days since the doors remain open. 
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In autumn (fig. 5.6), thermal conditions are almost perfect in the streets. However, the arcades 
and the shops slightly overheat. The average operative temperature differential is slightly higher 
than in summer, of the order of 0,9°C, whereas the ambient temperature differential equals 
1,6°C. This increase, coupled with a 66% decrease in air movement from the street to the 
arcade, can easily create discomfort since in the comfortable conditions of the street, such 
variations are not expected. A daylight level reduction of 84% may be explained by the lower 
solar angle, allowing less penetration of solar rays deeply into the arcade. Surveys were mostly 
all conducted under clouded or hazy skies. Shop conditions ar~ surprisingly high, 2,9°C warmer 
than adjoining arcade spaces. 
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Figure 5.6 Autumn comfort conditions for the entire arcade corpus. 

In winter (fig. 5.7), the micro-climatic effect of the arcade is well represented. The two sets of 
clouds correspond to either warm winter days (dotted line) or cold winter days (solid line). On 
cold days, the great majority of the arcade conditions fall inside the thermal comfort zone, 
whereas the majority of street conditions fall well below it. An average operative temperature 
differential of 1,9°C and an ambient temperature differential of 2,4°c confer to the arcades a 
considerable advantage over the streets. Moreover, air movement is again reduced by 60%, 
which increase the thermal and dynamic comfort. The daylight level is also reduced by 79%. The 
temperature differential is almost man-existent on warm days. There is nevertheless a sensible 
reduction in wind speed inside th arcade. The thermal conditions of the shops are acceptable at 
all time. Air movement is however superior on warm days since the doors remain open. 
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Figure 5. 7 Winter comfot1 conditions for the entire arcade corpus. 

In summary, thermal differentials between arcades and their adjoining streets have been found 
to increase significantly from summer to winter. Although the arcade can hardly provide ideal 
comfort conditions in summer, it does not at least overheat. This first observation is of utmost 
importance when considering the bioclimatic potential of such spatial configuration as it 
challenges the common belief that arcades are not suited to hot climates. The air movement has 
been found to be reduced consistently, of the order of ±60%, whatever the season. Although 
positive in winter, this reduction in air movement may impart comfort in warm conditions. It is 
however altogether welcomed for increasing dynamic comfort and provide correct conditions for 
sedentary activities which could not take place in the streets. Daylight levels decrease 
significantly from summer to winter. In winter, the lighting levels of the arcades have been the 
object of complaints from many shop keepers who have observed that new patrons are not 
attracted by dark entrance passages leading to slightly brighter malls. In some cases, and 
without any aesthetical considerations, neon lights have been added to entrance passages to 
compensate this abrupt visual transition. 

In the following section, seasonal studies of each arcade of the corpus highlights the incidence 
of particular space configurations and ambient environment on thermal experience. Whenever 
possible, the depicted environmental data have been collected on the same day, so that a 
comparative discussion is relevant. The surveys presented in this section were all conducted 
between noon and mid-afternoon, the accepted warmest period of the day. Some graphs, 
however, had to be drawn using morning data due to equipment failure in the afternoon survey. 
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These exceptions are identified on the graphs with an asterisk immediately following to time of 
survey. Full survey graphs are classified in Appendix F, in the same order of appearance than 
the following section. 

5.2.1. London surveys 

London ambient temperature surveys at mid day were particularly high for all three seasons, 
averaging at 12,4°C in winter, 18,4°C in autumn, and 30, 1 °c in summer. Summer 1995 was a 
record breaking summer in the history of British meteorological records, and therefore proved 
ideal to investigate the arcades thermal behaviour under extreme hot conditions. 

5.2.1.1. Royal Opera Arcade 

Royal Opera Arcade is the first recorded arcade in Britain, built between 1816-1818 by 
architects John Nash and George Repton. The arcade, once constituted a covered naturally lit 
entrance to the Opera House. It was originally linked to a continuous colonnade, extending 
towards Haymarket by two entrance buildings. Its eighteen successive square bays covered by 
groined vaults taped by circular skylights undouptly refer to the great bazaars of the East, and 
especially the one of lstambul, from which arcades as a building type owe so much. The small 
skylights produce a very dimmed ambience that is particularly well adapted to hot and sunny 
climates. Royal Opera Arcade has the particularity of being single loaded with shops, and 
therefore may be less prone to heat gains by conduction and convection from lateral shops. 

131 

11 



The Arcade Environment 

Figure 5.8 Plan, section and typical bay of Royal Opera Arcade. 

With only 1,8% of the entire envelop open to the outside and 14% of glazed roof, Royal Opera 
Arcade constitutes one of the most conservative example of all glazed arcades. At only 5,3 
meters high, Geist (1983) refers to it as "an arcade of almost toy-like dimensions." This reduced 
scale and the impression of isolation from ambient environment inspired by its limited openings, 
adds to the important thermal transients for all seasons. 
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Figure 5.9 Comfort conditions for seasonal strolls through Royal Opera Arcade. 

On warm winter and autumn days, the internal temperature increases by as much as 3°C, 
accompanied by an almost complete reduction in air movement, bringing comfort conditions 
closed to summer ones. An early survey (see Appendix F) shows that the temperature 
differential is higher in the morning than in the afternoon which suggests very low, if non
existent gain from conductive/convective exchanges with the shops, and also limited solar 
gains. On a hot summer day, a strong wind blows parallel to the arcade direction. Even if the 
arcade produces an 84% wind reduction, this is not sufficient to control a cross ventilation by the 
wind with the outside, resulting more or less internal temperature equal to the ambient one in 
the shade on Charles Street (1 ). The shading effect of the arcade is however remarkable as 
shown in figure 5.9, with a 5°C drop in operative temperature between the sunny Pall Mall Street 
(5) and the arcade. 

5.2.1.2. Burlington Arcade 

Burlington Arcade, built by the architect Samuel Ware in 1818, was the first important and 
successful arcade in Britain, with its wide-reaching influence on the building type in England and 
America (MacKeith, 1985). Ware describes the preliminary project as being: 

'( .. .) the erection of two Entrance Fa9ades and a double row of shops with a skylight 

roof between them; forming a covered walk extending from Piccadilly through 

Burlington Gardens to Vigo Lane, intended as a Passage to New Bond Street an a 
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Piazza for all hardware, wearing apparel, and articles not offensive in appearances 

nor smell( .. . ).' 

(in Geist 1983, p.319) 
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Spatial sequence through Burlington Arcade. 
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Burlington Arcade, at 178 meters long, stands as the longest arcade in Britain. As other early 
eamples, it has few openings, only 1,7% of the total envelop, for natural ventilation, in spite of 
being unattached along its entire east side. In opposition to Royal Opera Arcade, its roof is more 
generously glazed at ±50% of the roof surface. This should produce more substantial heat 
gains in the winter but it could as well exacerbate overheating in the summer. 
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Comfort conditions for seasonal strolls through Burlington Arcade. 

On the same warm winter and autumn days, the increase in internal temperature is slightly higher 
than the ones recorded at Royal Opera Arcade on the same day, accompanied with an almost 
total reduction in air movement. However, where the Royal Opera Arcade had a rather even 
thermal differential during the entire day, Burlington probably takes advantage of heat 
exchanges from more numerous lateral shops and solar gains. Its temperature differential 
therefore increases from + 1 °c in the morning to nearly +4°C in the afternoon. Length, 
orientation, and more generous glazing are clearly responsible for this performance. Given the 
very low angle of incidence of the sun, the more or less north-south orientation of the arcade 
facilitates solar penetration at noon when radiation is maximal. In winter, sun patches can be 
seen reaching the floor of the arcade which would be impossible to achieve for an east-west 
orientated narrow arcade. In autumn, the arcade provides a temperature differential similar to the 

winter season. However, the temperature differentials vary little betwe.en the morning and the 
afternoon, probably because of the lesser variation of the exterior ambient temperature 
between nightime and daytime in autumn than in winter. On a very hot summer day, the arcade 
does not overheat excessively, as might have been suggested by the relatively high glazing 
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ratio. In fact, the 50% glazing ratio probably allows an optimal amount of direct sunshine for that 

scale of space without causing any excessive overheating. In fact, the relative sensation of 

comfort or discomfort when entering the arcade depends on the direction of movement of the 

pedestrian. When approaching from Piccadilly Street in full sun (7), the positive operative 

temperature drop of 3°C is somehow mitigated by a wind reduction of 60%. When approaching 

from Vigo Lane in shade (1 ), the negative operative temperature increase of 3°C would be less 

noticeable as the wind is reduced by only 33%. With a wind blowing in the same direction of the 

arcade, the internal air movement is nonetheless much inferior to the one measured at the 

windward and leeward entrances of the arcade. In all cases, the reduced wind speed of the 

arcade provides an ideal environment for sedentary activities such as window shopping, since 

the air movement is only slightly above the 0,5m/s threshold for dynamic disco'mfort. Burlington 

Arcade, praised as the busiest and most prosperous arcade in Britain, owes much of its success 

to its prime location in the glamorous Mayfair district. However, the significance of its comfortable 

micro-environment on that success should not be underestimated. As this particular arcade 

became the building type that influenced so many fully climatised modern examples, 

contemporary planners should remember that this comfortable micro-environment rest 

exclusively on the correct balance between solid and void, opacity and transparency of the 

envelop. 

5.2.1.3. Royal Arcade (London) 

Royal Arcade was built in 1879 by an unknown architect, and constitutes one of the best 

examples of late Victorian arcades. In itsearly days, Royal Arcade was very well patronised since 

it connected the famous Brown's Hotel, on Albemarle Street to the fashionable Old Bond 

Street. Nowadays, the pedestrians, caught by the majestic look of the arcade, proceed till the 

extremity of the arcade on Albemarle Street, and there, noticing the loe level of activities, the 

pedestrian turn around and come back on Old Bond Street. 
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The glass saddle roof of Royal Arcade is continuous, being only interrupted by large arched 
sections lightened by a circular perforation. This roof, combined with the higher height to width 
ratio of the corpus, produces a unique grandeur which Geist (1983) refers to as "a fascinating 
liveliness". He also points out that this arcade exploits judiciously the contrast between light and 
shadow. The darker fagade at the ground floor level furthermore reduces the luminosity which 
appears to be trapped on the upper lighter fagades. Royal Arcade has no other natural mean of 
ventilation than the openings of the low open entrance passages that provide a low openings to 
envelop ratio of 3,3% and a more representative openings to volume ratio of 22,5. Due to its 
impresssive 2,4 height to width ratio and its east-west axis, Royal Arcade barely 'admits any direct 
sunlight. Even in summer, where a four o'clock sun strikes parallel to its direction, the heavy 
structure admits no direct sunlight. 
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Comfort conditions for seasonal strolls through Royal Arcade. 

On a warm winter day, under a variable sky, the temperature inside the arcade is not significantly 
higher to the outside temperature, but wind is reduced by 62%. On a sunny autumnal day 
however, the sun strikes perpendicularly to the direction of the arcade, sunbathing both 
Albemarle and Old Bond Streets. A major ±4°C drop in operative temperature between the 
streets and the arcade is therefore instantaneously felt right at the entrance passages. When 
considering the dry bulb temperature alone, interior and exterior conditions are identical (see 
Appendix E). Even under a very hot sunny summer day, where one third of the shops are 
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throwing out warm air from air-conditioning units directly into the arcade.there is no overheating. 

Indeed, when entering from the sunny Old Bond Street, a 4°C drop in operative temperature 

and a slight reduction in wind speed is felt, whereas only a reduction in wind speed is felt when 

entering from the windy and shady Albemarle Street. Royal Arcade, due to its proportions and 

orientation, benefits from shading in summer but lacks solar gains in winter. In the winter, it does 

not neither take advantageof the heat exchange with adjacent shops since doors remain closed 

at all times. Royal Arcade does not to respond to environmental variations and to offer little 

adaptive opportunity to the pedestrian. 

5.2.1.4. Leadenhall Market 

Leadenhall Market, built in 1881 by architect Sir Horace Jones, was developed on the site of an 

earlier market hall and open trading area. Buildings were erected along existing streets, and 

soon roofed over with a timber arched truss barrel vault. Its role as a lively meat market 

necessitated traffic accesses for daily servicing, in opposition to most arcades of that period built 

for luxury retail. Although impeding the freedom of the pedestrian, through traffic confer an 

even more ambiguous sense of interior-exterior continuity. 

138 



0 5 10 
r------

Figure 5.15 

The Arcade Environment 

30m 

Plan, section and typical bay of Leadenhall Market 

Leadenhall Market is widely open to the outside through four double story high openings at the 
major entrances, and a continuous glass louvered roof with a ventilated ridge lantern totalling no 
less than 13% of entire surface of the envelop. With its 9975 cubic meters volume, Leadenhall 
Market compares with Covent Garden's lateral halls. However, the narrower and longer cross 0 

shaped space c9nfers a cathedral-like atmosphere to the scene. The low lighting level is due to 
the complex glass louvered ceiling that catches dirt and the shadow of the neighbouring office 
towers. Extensive suspended fluorescent tubes and incandescent lamps have been 
introduced to counteract the low lighting level. 
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Figure 5.17 Comfort conditions for seasonal strolls through Leadenhall Market. 

On a comfortable clouded winter day, with a noticeable wind blowing east-west in the direction 
of the main corridor, Leadenhall Market does not provide any significant temperature increase 
nor wind reduction. On a very warm autumn day, no thermal transient is noticed, as the 
copmpactness of the data in figure 5.17 shows. The air movement is even superior inside the 
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market at the cross-road than in the exterior streets. On a comfortable sunny summer day, with a 

sunlit northern fayade, the inside temperature remains consistently equal to the averaged 

outside operative temperatures; as much as 6°C temperature differential between sunbathed 

and shaded streets being recorded. The consistent low thermal transients produced by such a 

large open space were not unexpectable. Moreover, since all surveys were conducted on 

week-ends for practical reasons, the market space could not even benefited from heat 

exchanges by direct convection through the open doors of the shops, unlike all the other 

arcades of the survey. 

5.2.1.5. Piccadilly Arcade 

Piccadilly Arcade was built between 1909 and 191 O by the architect G.Thrale Jell in the 

continuity of Burlington Arcade on the opposite side of Piccadilly Street. Piccadilly Arcade is the 

most recent arcade of any significant importance in London. Geist (1983) remarks that Piccadilly 

Arcade already demonstrates a certain "atrophy of architectural thinking", to borrow his words, 

where the arcade becomes a dependent passageway lined with shops. Intended as a short-cut 

between Piccadilly and Jermyn Street, few pedestrians use it as such as Jermyn Street offers 

few commercial activity compared to the busy Piccadilly Street. 
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Plan, section and typical bay of Piccadi/ly Arcade 

Piccadilly belongs to the small-scale arcades of the corpus with its volume of 1460 cubic meter. It 

is however lergely opened with a 4,4% opening to envelop ratio and a 30 value of openings to 

volume ratio which ranks it second after Covent Garden Halls as the most opened arcade of the 

corpus. Moreover, these openings are all located at two opposite funnel-like entrances. At 

the time of surveys, the few round skylights were so dusty that they were almost unnoticeable. 
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Figure 5.20 Comfort conditions for seasonal strolls through Piccadilly Arcade. 

The most striking particularity of figure 5.20 is that, for each seasonal stroll, Piccadilly Arcade 

provides little protection against the wind. In winter, it even accelerates the wind by 43% 

compared to the adjacent streets whilst on warm autumnal and summer days, the air movement 

appears very unstable inside the arcade. In terms of temperature differentials, it is minimal in 

autumn, of the order of 2°C in summer when entering form Jermyn Street, and even negative in 

winter. In summer, as in the case of Royal Arcade, warm air from air-conditioning units is directly 
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thrown out into the arcade space which somehow counteracted the shading effect of its opaque 

ceiling. In winter, shops are so generously heated ( 24°C) that, given the cold and windy 

environment of the arcade, the environmental transition from the arcade to the shops is even 

more abrupt than directly from the street to the shops. The thermal transients are therefore 

generally non-existent of even negative. It is rather conclusive that this negative environmental 

stimulation in an arcade which has been qualified as an atrophy of architectural thinking by Geist. 

Devoid of the earlier balance between solids and voids, opacities and transparencies, this 

recent arcade proposes a very inadequate micro-environment and unprotected space at the 

most critical period of the year. 

5.2.1.6. Quadrant Arcade 

Quadrant Arcade was built in 1920 by an unknown architect. It does not belong to the arcade 

family in the strict Geistian language since it has a solid coffered ceiling. However, together with 

Prince's, Piccadilly and Oxford Arcade in Cardiff, Quadrant Arcade provides an opportunity to 

investigate the positive or negative effect of a glazed roof on the thermal environment of the 

arcade. Quadrant Arcade, despite its solid ceiling, is very airy with its three story high sober 

interior. During the winter of 1996, doors were installed on the Glasshouse Street entrance in 

order to conserve the internal heat. Tables instantly spilled into the main space, but somehow 

destroy the integrity of the arcade as they block the through circulation. In this particular case, 

the addition of doors on Glasshouse Street proved that the location of the arcade was ill-suited 

for through pedestrian traffic. 
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Plan, section and typical bay of Quadrant Arcade. 
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Figure 5.22 Quadrant Arcade. 
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Figure 5.23 Comfort conditions for seasonal strolls through Quadrant Arcade. 

On a warm winter day, with the new doors on Glasshouse Street closed, Quadrant Arcade 

provides a major +4°C temperature increase with an almost total wind protection. For a rather 

similar day in autumn, the temperature differential is less marked since the doors were not yet 

installed. With similar exterior wind conditions, positions 3 and 4 are slightly windier in autumn 
than in winter. On a sunny summer day, a -5°C drop in operative temperature and a slight wind 

reduction is felt when coming from the sunlit wind protected Regent Street, whereas no 
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temperature transient is felt when coming from Glasshouse Street, although an important wind 
reduction triggers discomfort by lack of evaporative cooling. The addition of doors at Quadrant 
Arcade stands as an interesting experiment to overcome a deficient initial design to control 

winter winds from entering the space of the arcade. However, as a pedestrian have henceforth 
to cross the physical boundary of a door frame or even to stop, understand the door 
mechanism, and finally penetrate into the arcade, the internal external continuity is seriously 
jeopardised. 

5.2.1.7. Covent Garden Market 

The successful renovation of the buildings of Covent Garden Market, in central London, 
demonstrates that a successful reutilisation of buildings can revitalise an entire neighbourhood. 
Covent Garden was first developed in the 1600's as an exclusive residential square on a land, 

once belonging to a monastery. The exclusivity attracted other emerging uses, such as the 
Royal Opera House. This exclusive character did not however survive long since the owners 
decided that a greater profit could be gained by using the square as an open market. Soon, the 
buildings around the square were used for storage and wholesaling, and from 1828 to 1830, 
permanent market buildings were built in the centre of the square by Charles Fowler. The glass 
roofs were later added from 1875 to 1888 with maximum openings since tenants were afraid of 
smells emanating from rooting vegetables that were, at this time, stored permanently inside the 
open halls. When it was announced that the vegetable market would move to the suburbs in 

· 1967, many redevelopment proposals typical of that period were put forward. Finally, 
preservationists ensured that the market buildings were rehabilitated for retail space with 
associated bars and restaurants. Since its opening in 1980, the project has been an immense 
success, in spite of the fact that the market building itself provides only about 50,000 square 
feet of rentable space. The wholesale-industrial look of the place now attracts shoppers and 
diners to the London theatre and opera district (Ford, 1994, p.117). 
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A- Cross section 

B- Longitudinal section through Central Avenue 

C- Longitudinal section through glazed hall 
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Figure 5.24 Plan and sections of Covent Garden Market. 

The Arcade Environment 

Covent Garden Market incorporates two scales of arcaded spaces, with its relatively modest 
Central Avenue flanked by two imposing glazed-roof open halls of 16 by 13 meters high each, 
representing a volume of some 10613 cubic meters with 20% of opened envelop. The two halls 
are largely opened at their western end, whereas their eastern end opening is reduced by the 
second floor orangery, creating a wide opened low ceiling space at ground floor. Central 
Avenue has low entrances at both ends in addition to four lateral narrow passages connecting 
with the halls. It has however large clerestory openings, representing more than 13% of the total 
16% of openings. Although modest compared with many Continental examples, the scale of 
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Covent Garden and its aperture on the outside conveys a unique sense of internal-external 
continuity. Covent Garden offers several possibilities of routes through the building, whereas 
most arcades restrain it to their longitudinal direction. At Covent Garden, pedestrians can cross 
the building from North to South through an alternance of narrow dark passages and wide open 
halls. Alternatively, they can choose to cross it from East to West, through wide open halls, or a 
more typical arcaded central space. Moreover, Jubilee Market at the south, and a large 
colonnade, residue of the former plaza, on the North periphery, also offer semi-exterior spaces 
that add to the feeling of interior-exterior continuity of the entire plaza. Figures 5.25. 5.27, and 
5.29 illustrate three possible paths across the building with their corresponding thermal 
conditions for seasonal strolls. 
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Roof detail Passage to the eastern side East front 

Figure 5.26 Spatial sequence and typical bay of Covent Garden's Central Avenue. 
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Figure 5.28 
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Figure 5.29 Comfort conditions for seasonal strolls through Covent Garden Market 
from south to north, crossing halls, passages, and Central A venue. 

On a warm winter day, figure 5.29 shows that only Central Avenue provides a slight temperature 
increase and a certain wind reduction, the halls being slightly cooler and even windier than the 
exterior. This condition could be expected from such a permeable space. On a hot summer day, 
the halls do not overheat, but a wind reduction of 81 % is likely to create discomfort. Central 
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Avenue provides a similar wind reduction, but accompanied with a significant drop in operative 

temperature , due to the shading effect of its narrowness. Moreover, the wide low ceiling 

passage at the Eastern entrance provides a good wind exposure due to the Venturi effect and 

low temperature by shading. At the time of the last summer survey, tables had been installed in 

that very location and proved to be much praised by people. The autumn survey was conducted 

on a very warm day. The thermal transient pattern follows the summer's pattern with a slightly 

higher increase in temperature. However, the air movement is surprisingly stronger in Central 

Avenue than the halls. This condition is probably due to the narrowness of Central Avenue 

which channels the wind accelerated by the entrances, whereas wide halls create a negative 

pressure that diffuse air movement. Figures 5.25 and 5.27 also show that thermal conditions at 

position 2 and 4, which correspond to the low ceiling space under the orangery, are the only 

spaces to provide comfortable conditions for both paths. The recorded internal temperatures of 

the shops are of not significant since the majority of them are climatised throughout the year. 

5.2.2. Cardiff surveys 

Whereas days of survey in London were unusually warm in winter, autumn and especially 

summer, the days of survey in Cardiff were more representative of their typical climate. Winter 

was very cold and windy, with a low 2°C ambient temperature and a ±2,5 m/s wind speed 

accompanied by gusts at 8m/s. Summer was very comfortable with none of the recorded 

operative temperatures exceeding 30°C. Autumn survey conditions were rather warm, with an 

average temperature of 20°C. The proximity of Cardiff's corpus of arcades, as opposed to 

London's corpus, allowed for entire survey over a single day, which in return allows for more 

conclusive comparisons between the thermal performances of the arcades. 

5.2.2.1. Royal Arcade (Cardiff) 

The architect Peter Price built Royal Arcade in 1858, on a long plot between The Hayes Street 

and High Street. This location, between the bus and train stations, makes Royal Arcade a very 

busy thoroughfare and the best retailing arcade in Cardiff, according to a shop owner. Probably 

due to this essential public route, Royal Arcade is one of the few arcades of the corpus that 

remains open throughout the entire day. It is linked to Morgan Arcade by a secondary service 

corridor. 
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Figure 5.30 Plan, section, typical bay and spatial sequence through Royal Arcade. 

oilier d Royal Arcade has a very simple geometry, compared to . Cardiff arc.a es . The long and 
narrow passage is evenly lit by a continuous glazed roof with open spandrel arches that provide 
a good daylight level. A continuous centre louver runs along the ridge and constitutes the only 
opening fo r natural ventilation, apart from the two entrance passages on the streets. In fact, with 
its 6, 1 opening to volume ratio, Royal Arcade is the third most conservative arcade of the glazed 
arcades, after Burlington and Lion Yard Arcades. It also constitutes the third longest glazed 
arcade of the corpus after Burlington and Morgan Arcades. 
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Comfort conditions for seasonal strolls through Royal Arcade. 

On a bitterly cold winter day, Royal Arcade provides a very comfortable micro-environment, 

bringing thermal conditions just inside the comfort zone. At the centre of the arcade, the 

· temperature increases by 5°C and the air movement reduces by 89%. This change is 

progressively distributed along the length of the arcade so that no major thermal stress is felt. 

On a warm autumn day, the wind reduction is again almost total and the temperature increases 

steadily by 3°C. On a comfortable summer day with sunny spells, sun rays were found to 

penetrate deeply into the arcade generating overheating. The entrance passage from the 

sunbathed High Street (position 7) is the only space to create a temporary cooling effect due to 

the low and dark passage. It is however immediately followed by an increase in temperature. 

Given the fact that surveys of Burlington Arcade were conducted during a 30°C summer day 

compared to a low 22,5°C in Cardiff for Royal Arcade, the difference in the temperature increase 

between the two arcades is striking. The elements responsible for that difference are difficult to 

identify since the degree of glazing and orientation, which represents the two most critical 

properties, vary in this comparison. It however clearly appears that they contribute negatively to 

Royal Arcade micro-environment in summer. With 100% glazed roof and an east-west 

orientation Royal Arcade is much more exposed to high altitude early morning and mid 

afternoon summer sun. Burlington Arcade, oriented nortth-south, has a limited 50% glazed roof 

that would only admit direct sunlight for a very short period at mid-day. 

5.2.2.2. Morgan Arcade 
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The construction of Morgan Arcade began in 1879, under the direction of the architect Edwin 

Seward. Successive Ordnance Survey maps show that the complex Y shape of the arcade was 

developed over a period of time, where the side crossings were treated as back streets with 

pitched glazed roof leading south to the existing Royal Arcade and north to Wharton Street. An 

uncommon central island is surrounded by the glazed roof of the corridor and lit itself by a 

skylight. Morgan Arcade, with its intricate Renaissance style interior, unconventional plan, and 

comfortable proportions, stands as an unsurpassed example of the extent of originality, 

refinement, and comfort that such a public space can provide. 
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Morgan Arcade compares with Royal Opera Arcade in London in terms of opening to volume 

ratio. However, apart from the two entrance passages, a low opened balustrade runs under the 
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entire length of the fully glazed roof. When considering the entire Y shape, Morgan Arcade 
constitutes the longest arcade of the corpus, with its 205 meters in length. 

Passage from High Street Passage Arcade space 

Roof detail Passage leading to The Hayes Activities on The Hayes 

Figure 5.33 Spatial sequence through Morgan Arcade 
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Figure 5.34 Comfort conditions for seasonal strolls through Morgan Arcade. 

On a bitterly cold winter day, entering the arcade from the wind battered Hayes Street, produces 
a slight progressive 2°c temperature increase, whilst coming from the wind sheltered High 
Street, there is no significant temperature differential, the temperature of theentrance pasage 
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being slightly lower than the street conditions. The wind conditions, once inside the arcade, are 

rather unstable, probably because of to the largely opened balustrade at roof level. However, on 

a very quiet and warm autumn day, the air movement inside the arcade lays, in average, between 

the ambient conditions. There is no overheating, which is probably due to the efficient natural air 

convection through the open balustrade. On a comfortable summer day, there is an important 

operative temperature differential between the entrance streets, with progressive temperature 

and air movement transients respectively positive or negative depending on the direction of 

movement. Position 2, which is the entrance passage from The Hayes, provides a significant 

cooling effect by a 1 °C decrease in temperature and a 33% acceleration in air movement. It is 

interesting to compare this thermal pattern with the Burlington one for the same season. 

Although ambient conditions where hardly comparable for these days, they bear"the same C like 

pattern which express environmental continuity and therefore subliminal adaptation. Even if 

Morgan Arcade is fully glazed and more or less east-west oriented, the generous opening to the 

outside environment by the mean of the balustrade at roof level , avoids the inevitable 

overheating associated with highly glazed space. In such a case, movable louvers, that would 

block the unwanted air convection in winter, would highly improve comfort. 

5.2.2.3. High Street and Duke Street Arcades 

High Street Arcade was built in 1885 by the architect T. Waring, and preceded Duke Street 

Arcade which was built in 1902 by the architect J.-P. Jones. These arcades, although clearly 

separated, must be analysed together to understand the influence of their T link upon their 

respective temperature transients. Whereas High Street Arcade appears rather modest with its 

simple patent glazed coupled roof, Duke Street Arcade conveys a more elaborate ambience 

with its complex roof of steel arches broken twice by the deep horizontal steel beams 

supporting the access corridors at roof level. Both arcades are very busy thoroughfares at the 
centre of Cardiff's shopping district. 
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Figure 5.35 Typical bays of respectively High Street and Duke Street Arcades 

These arcades share a very similar degree of opening of the order of ±3,3% of total envelop but 
where High Street Arcade's roof openings are continuous fixed louvers running over parapet, 
Duke Street Arcade possesses four large semi-circular roof openings located on the transversal 
horizontal beams at centre and the ends of the arcade. However, Duke Street Arcade, with its 
27 opening to volume ratio, is twice as permeable as High Street Arcade with its 11,6 ratio. The 
former is therefore far less conservative than the latter. Even if the arcades form a continuous 
pedestrian path, a low entrance passage to Duke Street Arcade clearly identifies two entities . 
and somehow acts as an environmental threshold between the two spaces. The environment of 
Duke Street Arcade should also be more dependent on High Street Arcade than the reverse, as 
one of its two entrances directly opens up into the latter. The comfort conditions for seasonal 
strolls through the respective arcade are presented individually in figu res 5.37 and 5.38 to avoid 
confusion in the interpretation. The T junction occurs at position 4 in figu re 5.38. This position is 
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redrawn in figure 5.38 since it represents one of the two departure points towards Duke Street 

Arcade. However, in Appendix F, the survey graphs of both aracdes are merged together. 

A- Longitudinal section of Duke Street Arcade 

3· 

B- Longitudinal section of High Street Arcade 
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Figure 5.36 Plans and sectionsof High Street and Duke Street Arcades. 
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Comfort conditions for seasonal strolls through Duke Street Arcade. 

On a cold winter day, High Street Arcade provides a significant progressive 4°C temperature 
increase and air movement decrease when coming from either High Street of St-John's Street, 
bringing thermal conditions inside the comfort zone. Duke Street Arcade, however, provides an 
altogether cooler and windier environment than High Street Arcade. Exposed to a strong 
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northerly wind, the large openings at roof level are thought to be responsible for Duke Street 
less performant environment. On a comfortable autumn day, the temperature slightly increased 
in both arcades, and the wind is progressively stopped, which brought the thermal conditions 
over the comfort zone in the overheating zone. On a sunny summer day, the thermal conditions 
are quite similar inside the arcades, but the street conditions differ greatly with a ±5°C difference 
in operative temperature. When entering from the sunbathed High Street, an important 4°C 
drop in operative temperature is most welcomed. In both cases, when entering from the shaded 
streets, a sudden ±2,5°C temperature drop in the passages are clearly noticeable followed by a 
gradual increase in temperature and a decrease in air movement. 

5.2.2.4. Castle Arcade 

Castle Arcade was built in 1887, some twenty-nine years after Royal Arcade, by the same 
architect, Peter Price. It describes an "L" shape, linking two busy commercial streets. One third 
of its length, on the longest straigth axis is two storey high with a simple pitched fully glazed roof. 
The remaining "L" shaped two thirds are three storey high with a more elaborate pitched glazed 
roof, supported by open spandrel iron arches. The first floor fagade is recessed to 
accommodate a continuous balcony joined by footbridges across the arcade, and accessible by 
lateral open staircases. The interior fagades are predominantly glazed from the ground floor to 
the second. 

A- Section of the north-south wing 
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The two storey high section, being totally closed to the outside apart from its entrance passage 
on Castle Street, counterbalances the generous clerestory openings of the "L" shaped three 
story high section. It lowers the overall opening to volume ratio of Castle Arcade to 8,2, and 
ranks it as the second most conservative glazed arcade in Cardiff, after Royal Arcade. 

Figure 5.40 
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On a bitterly cold and windy winter day, a 5°C progressive temperature increase is recorded 
when entering from either streets. The air turbulence appears more important in the three 
storeys section, probably due to the permenent clerestory openings. The arcade provides a 
good thermal transition from the open street to the shops, and allowed non-heated shops to 
reach as much as 13°C on that very cold and windy winter day. On a comfortable autumn day, the 
temperature differential between the streets and the arcade is not important apart from a 75% air 
movement reduction. On a comfortable sunny summer day, the arcade does not overheat 
compared to the access streets. Moreover, the wind is even accelerated in the entrance 
passage on Castle Street, providing the possibilty of comfortable conditions by evaporative 
cooling, as in the case of Morgan Arcade. In fact, tables of a nearby cafe, installed on both sides 
of the passage, appeared to be very praised at every visit. 

5.2.3. Cambridge surveys 

5.2.3.1. Lion Yard Arcade 

The case of Lion Yard Arcade has already been discussed in Paragraph 4.7.3 of Chapter 4. The 
discussion is repeated hereafter. Please refer to figures 4.20 and 4.21 for the illustrations. 

Lion Yard Arcade occupies the largest volume of the corpus after Covent Garden Halls and 
Leadenhall Market, and yet, it has the smallest opening to volume ratio at only 2,2. It shares 
similar opening ratio with Burlington, Royal Opera, Royal (Cardiff) at ±1,8%. 

On a warm winter day, with all shops heated with doors opened, temperatures drop slightly at 
both entrances, and gradually increase by 4°C in the centre of the arcade, whereas air 
movement increases at entrances and gradually decreases towards the centre. On a 
comfortable autumn day, the air movement again increases at entrances, but quickly decreases 
while walking towards the centre of the arcade with no significant temperature differential. On a 
very hot summer day, air movement is accordingly minimal but relatively variable throughout the 
arcade. The arcade does not overheat, providing a -2°C operative temperature transient at the 
low ceiling entrance on Petty Curry, and even conditions at the glazed entrance. These good 
summer conditions are most probably due to the climatisation of almost all shops in the arcade 
with their opened doors literally cooling down the arcade by natural air exchange. Given its low 
height to width ratio of 1,9, a 100% roof glazing ratio, and a very low opening to volume ratio, the 
Lion Yard Arcade without air-conditioned shops would have undoubtedly overheated. In fact, 
air-conditioned shops located on the northern fai;:ade of the arcade, and therefore exposed to 
diffused sun through the translucent roof, appear to badly overheat on several surveys (see 
Appendix F). Inside the arcade, the air movement observed over three seasonal surveys is 
surprisingly variable in relation to the low opening to volume ratio. The openings in the envelop, 
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although small, are mostly located at the entrances, which provide direct access on the streets. 
This concentration of openings together with the large scale of the arcade is thought to provide 
less obstruction to wind than scattered openings and smaller scale, that would break the wind 
turbulence and acceleration. 

5.3. Environmental performance 

The environmental performance, unlike the preceding discussion on environmental transients, 
is not analysed in terms the local effects of the radiant temperature and wind on thermal comfort, 
but only in terms of dry bulb temperature differentials and the average wind reduction between 
inside and outside. The temperature performance is discussed seasonally, whereas the wind 
reduction performance is given as the average value of the entire survey days. This allows for a 
global comparison of the results and the emergence of a generic approach to the environmental 
performance of arcades. The environmental performance analysis somehow refers to the 
energy impact of the arcades on the adjacent spaces, by ventilation preheat through an 
intermediary space. It therefore contributes to a better understanding of the form/performance 
of this particular building type, which can be valuable for the development of future arcades or 
for the improvement of existing ones. 

The following performance graphs are drawn using the average value of all the available survey 
data for the same season at mid-day, in order avoid any extreme variations. Graphs are drawn for 
thermal differentials between the warmest spots in each arcade of the corpus, and the 
respective average of streets dry bulb temperatures in function of the opening to volume ratio. 
This ratio provides the best distribution of the results on the graphs, and foremost, it represents 
the best indicator of the permeability of the arcade and its internal/external continuity. White and 
black dots identify respectively glazed roof and solid roof arcades whereas shaded ones refer to 
a particular discussion in the text. For the purpose of the following discussion, Piccadilly Arcade 
has been classified in the solid roof arcades category, since its glazed roof is so dirty that it barely 
admis daylight. Oxford Arcade also belongs to the solid roof category, since its only glazed roof 
is all concentrated in a single location, midway into the arcade. The suggested curves on the 
following graphs remain a timid tentative of interpretation of the complex thermal behaviour of 
arcades. Clouds of data are somehow more relevant and have also been drawn to identify major 
groupings. 

5.3.1. Summer thermal performance 

The scattered dots of figure 5.42 do not seem to indicate any significant generic conclusions on 
thermal performance. However, a certain tendency emerges when interpreting the graph 
through the specificity of each arcade. Figure 5.5 (page 3 of the present chapter) indicates the 
relative particularity of each arcade. This figure should be referred to in the following analysis. In 
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summer, it is well accepted that the degree of roof glazing, height to width ratio, and orientation 
bear a major impact on the micro-climate of the arcade, since the high angle of incidence and 
long horizontal path of the summer sun can reach the interior of the arcade. 
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Summer maximum temperature differentials between streets and arcades in 
function of arcades opening to volume ratios. 

Royal Opera Arcade appears to behave exceptionally well in this regard, compared to the bulk of 
the corpus, with a -1,5°C drop in temperature between inside and outside. With 14% of glazed 
roof, Royal Opera Arcade has the lowest glazed roof percentage of all glazed arcades, 
combined with a very low opening to volume ratio. Moreover, it runs north-south, as to avoid 
direct solar exposure almost all day, except at noon for a very short period. Lion Yard Arcade can 
not be considered in the curve, since most of its shops are air-conditioned and doors are kept 
wide open. The effect of the shop climatisation is clearly demonstrated when comparing Lion 
Yard Arcade to Burlington Arcade. With 33% more glazing and a smaller opening to volume ratio 
than Burlington, Lion Yard creates a -0,5°C temperature differential, whereas Burlington heats 

up by 1,5°C. Royal Arcade, in London, behaves satisfactorily considering its high opening to 
volume ratio and 90% roof glazing. Its short length is probably responsible for this good cooling 
performance. Combined with a great height to width ratio, the arcade is protected against the 
direct solar radiations from all directions. When combined with a high opening to volume ratio, 
the arcade provides little obstacles to wind, and is therefore easily ventilated. In fact, glazed 
arcades that share similar such a great height to width ratios are amongst the most performant. 
Duke Street Arcade is also performant, but its north-south orientation can not compensate for its 
96% glazed roof that may explain its position slightly above the curve. The exceptionnally wide 
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halls at Covent Garden Market perform the worst. Despite their great opening to volume ratio, 
their width, coupled with an east-west orientation allows too much sun penetration and heats up 
the space. It is possible to trace with relative confidence the above curve for the glazed arcades 
of the corpus. 

The behaviour of the solid roof arcades is quite distinct from the precedent group of glazed 
arcades. There are only four arcades in that category, hence inducing more speculation in the 
interpretation process. The curve drawn from the three 
arcades seem to represent a very plausible behaviour of such arcades. The lower the opening 
to volume ratio, the better the conservative effect of the arcade, and therefore less overheating 
is induced, in opposition to the glazed group. Oxford Arcade, which has the lowest opening to 
volume ratio and the highest volume of the solid roof arcades, therefore behaves the best of 
that category. Quadrant Arcade, which shares an almost identical volume with Piccadilly Arcade, 
has a much lower opening to volume ratio and behaves the worst of that category. Prince's 
Arcade remains an ambiguous figure, considering that it shares an almost identical opening to 
volume ratio with Quadrant Arcade. Figure 5.42 also shows that there is no major difference in 
wind reduction between these two arcades. Only a 50% reduction in volume and a 3 meters 
lowering of the ceiling height could explain this discrepancy since these arcades are mostly 
identical. However, the lower ceiling of Prince's Arcade would normally lead to a lesser summer 
performance. 

In summary, results indicate that for highly glazed arcades, there is an important decrease in 
overheating between opening to volume ratio values of 5 and 15. Thereafter, temperature 
differential tends to level and stay slightly over the ambient temperature. For the solid roof 
arcades, the maximum overheating happens around a value of 17 opening to volume ratio. 
Under that value and according to its volume, a solid roof arcade could potentially control 
overheating , whereas above that value, it should progressively level up with ambient 
temperature. 

5.3.2. Autumn thermal performance 

In autumn (fig . 5.43), the direct solar component is expected to play a less important role in the 
definition of the arcade micro climate, since the angle of incidence becomes narrower, and the 
sun path shorter. The missing data from Oxford arcade result in the difficulty to 
draw any reliable curve. 

Only Leadenhall Market remains cooler than the adjoining streets for that season. Despite its 
88% glazing and low height to width ratio, the sun barely penetrates into the space due to the 
complexity and dirty state of the glazed louvered roof. Its large openings occupy 13% of the 
overall envelop of the space and probably allows for a night-time cooling that scarce sun 
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penetration at daytime can not overcome. Lion Yard Arcade conditions lays away from the curve. 
Its low temperature increase, compared to Burlington Arcade, resides in the fact that shops in 
Lion Yard Arcade were still air-conditioned at 90% during the autumn surveys carried out in very 
warm conditions. The temperature differential for the halls in Covent Garden Market is again well 
over the curve due to their very low height to width ratio that admit sun radiations. 
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Autumn maximum temperature differentials between streets and arcades in 
function of arcades opening to volume ratios. 

Duke Street Arcade falls above the curve, as a result of the protective effect of its entrance 
opening into High Street Arcade. Royal Opera Arcade represents perhaps the most striking 
difference in seasonal behaviour, providing a considerable 1,4°C decrease in temperature on 
the summer day, and a 1 °C increase on the autumn day. Royal Arcade in London also provides 
an interesting seasonal temperature differential shift from a 0,5°C decrease in summer to a 1 °C 
increase in autumn. 

In summary, the glazing ratio appears to play a less important micro-climatic role in autumn than in 
summer, as expressed by a narrower dot distribution around the curve of figure 5.43. There is, 
similarly to the summer performance, an important decrease in temperature differentials 
between opening to volume ratio values of 5 and 15. Thereafter, temperature differential tends 
to level and stay slightly over the ambient temperature. 

5.3.3. Winter thermal performance 
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A strong contrast between interior and exterior in winter is expected to produce a more reliable 
and clearly defined behaviour, from one arcade to the other. A quick glance at figure 5.44 
confirm a more constant distribution of the results along the curve compared to the two 
precedent periods of analysis. Lower environmental variations, such as the lower sun incidence 
and shorter sun path contribute to lessen the temperature variations of the arcades, and 
therefore lead to more reliable conclusions. 
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Amongst glazed roof arcades, Duke Street Arcade constitutes the only exception standing well 
above the standard curve. As explained in the autumn analysis , this is mainly due to the 
sheltering effect of its southern entrance, leading directly into High Street Arcade, which 
minimises direct heat exchanges with the exterior. The dotted line under the Duke Street 
Arcade data represents the temperature differential between the arcade and the exterior if 
ambient temperature were to be calculated as an average value of both ambient conditions at 
entrances, in this case Duke Street and High Street Arcade. The temperature differential of 
Duke Street Arcade would therefore be reduced to less than 1 °C and would fall slightly under 
the standard curve. Royal Opera Arcade remains one of the most performant arcade in winter, 
probably due to the conservative effect of its low glazed roof ratio. High Street Arcade performs 
surprisingly well in winter, compared to Morgan Arcade which has almost the same opening to 
volume, glazing and height to width ratios. However, the much lower volume of High Street 
Arcade probably help it to heat up more efficiently than Morgan Arcade. 
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For solid the roof arcades, figure 5.44 shows a very simple curve that quickly drops in function of 
the opening to volume ratio decrement. This straight curve 
is highly plausible, given the fact that in the absence of any sun penetration into the arcade, the 
internal temperature quickly levels up with the ambient conditions, whereas the glazed roof 
arcades benefit from the sun, albeit minimal, even for highly permeable configurations. 

5.3.4. Wind reduction performance 

The wind reduction performance is an averaged value of the seasonal reductions, since no 
correspondence could be found, amongst the gathered data, between the wind reduction and 
the season. Moreover, in cities, the nature of the urban fabric either stops or accelerates the 
free wind. It will never be as constant as in a open field situation for which generic conclusions 
would be possible. In a urban context, wind is therefore highly unexpectable whatever the 
season. The following graph has been drawn without taking into account the wind direction and 
the season. The values for morning, afternoon and late afternoon surveys in summer, autumn 
and winter have therefore been compounded into a single averaged value. It is expected that 
the wind reduction will be inversely proportional to the increase in the opening to volume ratio. 
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The curve in figure 5.45, which should incidentally begin at 100% wind reduction for a 0% 
opening to volume ratio, drops steadily, until it reaches the value of ±22 opening to volume 
ratio, where it stabilises. Central Avenue's performance at Covent Garden Market is probably 
due to its exceptionally important clerestory openings, which account for 87% of total openings. 
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Being located high above the pedestrian's environment, these large openings admit the wind 
but do not allow it to blow downwards into the pedestrian's realm. Leadenhall Market and 
Piccadilly Arcade perform very poorly in terms of wind reduction. The four wide-open entrances 
of Leadenhall market impose little obstruction to the wind flow. Moreover, the location of the 
market, at the very centre of the City, exposes it to wind acceleration and turbulence from 
nearby tower blocks. One of the winter surveys of Piccadilly Arcade's environment was 
conducted on a particularly windy day. The wind was then accelerated by 42% inside the arcade 
compared to the open street. Piccadilly Arcade's location, on the southern side of Piccadilly 
Street, makes it particularly vulnerable to strong winter winds that either drop or are channelled 
by the excessive width of that street. A group of arcades, identified on the graph by as the 
comlex configurations, do not perform as well as expected, despite their very low opening to 
volume ratio. The only possible explanation to this behaviour may reside in the survey 
technique itself. Since these arcades are amongst the busiest of the corpus, it is not impossible 
that the air displacement induced by the moving pedestrians around the surveyor, may have 
affected the recordings. The complexity of the configuration of the arcades may also affect the 
wind reduction performance, the arcades of simple morphology being located in the upper 
group whereas the more complicated ones, despite their low opening to volume ratio, lay in the 
lower cloud. 

Much reserve should be taken in these interpretations since there are multiple environmental 
and urban variables that interact in a very complex manner, especially in terms of wind reduction 
performance. Figure 5.45 nevertheless shows some tendencies worth mentioning. 

5.4. Conclusions 

Two methods of analysis of the arcade environment have been presented. The first was 
concerned with the discrete study of the extent of thermal transients when strolling through the 
arcades, whereas the second, more general approach, was concerned with the overall 
performance of the arcades in terms of temperature differential between the interior and the 
exterior. The first method necessitated the minute measurement of radiant temperature in order 
to integrate it in the comfort graphs, whereas the second only needed the dry bulb temperature 
averages of ambient and arcade spaces. The sorting out of dimensional and surface properties 
of the corpus of study was of major help in the comparative discussion and allowed the 
identification of tendencies that would have remained hidden by the apparent complexity of the 
corpus. 

The results of environmental transient analysis have shown that especially under sunny 
conditions, opposite ambient environments at entrances of arcades can differ importantly in 
terms of the operative temperature and the wind speed. This ambient asymmetry that mainly 

168 



The Arcade Environment 

depends on the sun path, was demonstrated to play a major ro le in the thermal adaptation 

process, being either positive or negative according to the direction of movement of the 

pedestrian. Long and narrow arcades provided to most progressive and sustained thermal 

transients, whereas the wide or short arcades produced rather abrupt and ephemeral ones. Low 

and narrow passages at entrances of most arcades produced a gentle cooling effect by wind 

acceleration in the summer. 

In terms of seasonal performance, the summer surveys were the most challenging to interpret as 

the results diverged much due to the important ambient temperature variations. The single 

clearly identifiable negative factor affecting comfort appears to be the wind reduction. The winter 

results, however, allowed for more conclusive generalisations as ambient variations remained 

minimal. They also identified the main advantage of glazed arcades over solid roof ones in taking 

advantage of solar radiation to increase their internal temperature. Figure 5.46 summarizes the 

seasonal environmental performance for the entire corpus of study: 

Season Arcade Street Street to Arcade 
differentials 

Ambient Wind speed Ambient Wind speed Temperature Wind 
Temperature Temperature 

(CC) (m/s) (CC) (m/s) /CC) (%) 

Winter 9,7 0,58 7,2 1,9 +2,5 -69% 

Autumn 19,2 0,24 17,6 0,82 +1,6 -68% 

Summer 26,4 0,48 25,5 1,44 +0,9 -66% 

Figure 5.46 Summary table of seasonal environmental performances. 

From th is table, the environmental advantages of the arcade appear clear as the temperature 

differential between the street and the arcade increase steadily according to the severity of the 

season, from 0,9 °c in summer to 2,5°C in winter. It also provides a consistent wind reduction of 

±68% in all seasons. Th is reduction is positive in winter but may generate discomfort in summer. 

Of course, these values are averaged, and many arcades perform much worst, but many also 

perform much better as the precedent analysis has shown. The wide ranging corpus of the 

study favoured -the identification of major properties affecting the arcade environment according 

to the seasons. The extent of orientation, roof glazing, length, height to width proportion, and 

shop climatisation were particularly found to affect the micro-environment of the arcade. 

Royal Opera Arcade in London has been found to be the most performant arcade in terms of 

thermal comfort for all seasons. Interestingly, this arcade was the very. first to be built in London 

in 1816. It therefore preceded the technological revolution following the Great Exhibition of 

1851, and relied oh a simple construction of vaulted sections, surmounted by small skylights. It 

is the most conservative of all glazed arcades with the second lowest percentage of opening to 
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envelop ratio and glazed roof. It is also the lowest of all glazed arcades. Royal Opera Arcade 

stands as a lesson on the impact of new technology on the environment of the city. This arcade, 

by far the darkest amongst the corpus of skylit arcades, nonetheless conveys a unique sense of 

balance between solid and void, opacity and transparency. 

The questionnaires distributed in arcades suggest the existence of a relation between the scale 

of the space and thermal expectations. Tenants of arcade-shops are satisfied with the thermal 

condition of their working environments, even if the shops are almost never air-conditioned and 

scarcely heated. The reduced dimension of the shop appears to lower the comfort 

expectations, since the number of employees is limited. Moreover, the questionnaire has 

identified a very sensible behavioural adaptation to thermal conditions: Nomadism. Workers 

tend to occupy the cellar more often in the summer, and migrate to the first floor in the winter. 

This has been confirmed by seasonal surveys and observations of customers' behaviour. 

Arcades are therefore true bioclimatic buildings that encourage a dynamic interaction between 

the occupants and their variable thermal environment, providing an extension of the usability of 

the public realm. 

An arcade shop keeper from Cardiff reckons that, back in 1966, people still lived and died in 

arcades. Families lived on the first floor whilst the ground floor was kept for the trading space. 

The basement was a storage space. This configuration is an exact continuation of the late 

medieval shop. As in the medieval market, the arcade provides a high concentration of 

specialised services per square footage, attracting many clients. The main disadvantage of 

arcades appears to be the low levels of daylight. Many shop owners feel that this lack of daylight 

discourages potential customers to venture into the space. Modern city planning does not 

trigger the exploratory instinct of the pedestrian, but rather tends to direct and organise the 

pedestrians flow. In fact, the city centres have become typical spaces where the moving body 

expects certain activities in a particular context, whereas ancient cities and particularly the 

medieval city, was a place for surprise, stimulation, and adaptation to a continually changing 

environment. 

This chapter has discussed the complexity of thermal transients in function of different arcade 

configurations and shown their potential for subliminal adaptation that enhances the sense of 

continuity of the urban realm, as discovered by a pedestrian. The survey method, and the 

illustration of the results in synthetic comfort graphs constitute an original mean of describing 

the complex environmental diversity affecting the pedestrian . The methodology has 

demonstrated that thermal studies of the urban environment ought to be conducted at the scale 

of the pedestrian, to account for the very complex interaction between the built form, micro

environment, and the sensation of comfort. 
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6. Towards an Internal Exterior 

6.1 Summary 

Throughout this thesis, it was argued that the process of mechanisation of architecture and 

movement, which began with the industrial revolution, has reduced the degree of 

environmental diversity. Biological science (Potter, 1971) suggests that such diversity, within a 

certain range of variation, is desirable to exercise the adaptive capacities of any living organism; a 

slight instability being the necessary condition to true stability. A rich environmental diversity can 

be achieved within the variables of architecture by subtle articulations between interior and 

exterior environments. Such transit ional spaces favour environmental diversity and a 

progressive adaptation of the body to avoid any discomfort generated by abrupt environmental 

transients. At the scale of the city, the public and semi-public realms are seen as the generators 

of such diversity. The extent of the transformation of city centres and the underlying 

isotropisation has been morphologically illustrated throughout the study of two cities. The 

disappearance of genuine transitional spaces such as passages (shuts and slips), and 

courtyards clearly coarsens the urban fabric and diminishes permeability. The movement of the 

contemporary urbanite is therefore much more restrained than that of his ancestors living in 

traditional urban fabrics. 

A theoretical investigation of environmental transients through the manipulation of a thermal 

comfort equation has highlighted the possible extent of such transients according to the 

combinations of wind and sun exposures. Practically, a static and dynamic survey method has 

been developed to measure the extent of environmental transients, as experienced by a 

pedestrian when moving through the architecture of the city. Amongst other urban transitions, 

the arcade type has been found to be particularly relevant in terms of progressive adaptation. 

This building type, which was invented before the mechanisation of architecture and movement 

in the city, stands as a clear example of the ability of architecture to generate urban microclimates 

within its own variables. An extensive survey campaign of existing arcades allowed tor the study 

of their environmental performance according to certain property-ratios. The opening-to-volume 

ratio has proved to be a particularly relevant measure of the degree of interiority or exteriority of 

the built form. The results show that the arcade building type, when properly balanced, barely 

overheats in summer and offers a considerable extension of the usability of the urban realm in 

the winter. Moreover, questionnai res have highlighted that people were satisfied with the 

environmental conditions of the arcade. They also expressed a strong attachment to the social · 

and historic character of such places. 

Figure 6.1 locates transitional spaces in the complex domain of stimu lation and comfort 

conditions. It relates the degree of stimulation and receptivity of the individual to the 
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environment, and suggests that transitional spaces provide an intermediate stimulation of the 

senses, and therefore favour an optimal receptivity of the individual. 

+ 

Figure 6.1 
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The stimulus could either be environmental or social. This graph somehow illustrates Sennett's 

conclusions about the search tor comfort and the receptivity of people to their physical and 

social environment (Sennett, 1994). Huch comfort generates a passive urbanite, whereas 

too much discomfort generates a self-centred urbanite. In both cases, people are encouraged 

to retract on themselves, becoming increasingly more individualistic. In the contemporary city, 

internal spaces are more and more subjected to the isotropisation of their physical environment, 

creating a sense of passivity and self-complaisance of the individuals. The street therefore 

becomes a residual space of the modern city, where pollution and noise render the space 

unbearable. The pedestrians, no longer able to adapt to this environment, become a mass of 

moving bodies in constant search tor an escape into some protected interior spaces. The 

urbanite needs places to rest, but not necessarily, in a perfectly controlled environment. 

Transitional spaces such as courtyards and arcades respond to that need by providing an 

intermediate environment where physical and social stimulation are mitigated, but not eliminated 

by the morphology and degree of protection of such spaces. The cities of antique Greece and 

several medieval urban forms proved that it was possible to create extremely live places that 

encouraged social encounters. 

At an urban scale, thermal comfort can be easily overlooked by more practical considerations of 

the planner; the assumption being that the pedestrian cannot expect comfortable 

environmental conditions in open spaces. Moreover, the rapid movement of the modern crowd, 

partly due to uncomfortable conditions, diminishes the importance of providing the city with 

transitional environments. However, when the urban space is perceived as a series of 

transitiona l spaces between interior and exterior, that view may change. The spatial 
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configuration of the city deeply affects the urban micro-climates, which in turn contribute to the 

overall satisfaction of its spaces and its activities. 

Spatial diversity does not only stimulate the eyes but also the entire body of the pedestrian 

when strolling into the intricate fabric of the city. At the micro-scale of the street corner, the 

passage from a shaded windy street to a sunny wind-protected space creates, in a few seconds, 

provides an important thermal stimulus that involves the adaptation of the entire body. This 

adaptation will be welcomed or resisted , causing a sensation of comfort or discomfort. More 

complex configurations, such as courtyards and arcades, produced very distinctive micro

environments that are worth exploring. The arcade, being neither an interior nor an exterior 

space, favours an almost imperceptible environmental transition and constitutes the epitome of 

the internal exterior. 

The proposed dynamic sensory approach, supported by theoretical and practical investigations 

of transitional spaces, is the principal contribution to architectural research. It adds an essential 

dynamic aspect to the knowledge of the physical environment and its influence on the 

comportment and satisfaction of users. It reintroduces the thermal sense and movement in the 

core of current discussions on architecture, urbanity and environmental sciences. 

6.2 Diversity in continuity 

The argument of this thesis is that a static approach to the notion of comfort is not sufficient to 

account for the incessant successions of environmental stimuli of the real environment upon 

the individual. There are numerous and straightforward means of creating environmental 

diversity. Amongst them, the segregation of environments by physical boundaries is the most 

obvious and probably the most efficient in terms of ease of control. There are however more 

subtle ways of achieving environmental diversity through spatial continuity. This type of 

diversity, that could be called a continuous diversity, occurs through a certain period of time and 

allows the individual to adapt progressively to a new environment. The distinction ought to be 

made at this point as it has always been inferred in the preceding chapters that environmental 

diversity is always more desirable than constant environmental conditions. Environmental 

diversity that depends on spatial segregation is more likely to generate discomfort by the 

abruptness of the stimulus than environmental diversity that is generated by distinct but 

continuous spatial entities. 

In the light of the empirical work of chapter five on the arcade environment, the theoretical 

transitional patterns of chapter two (figure 2.20) are particularly interesting as they appear to 

apply to both architectural and urban scales. They define the possible extent of the complexity 
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of the interior/exterior articulation by the positioning of two primary massive and transparent 

elements. The central portion of figure 2.20, the integration by equality, is redrawn in figure 6.2. 

MASSIVE TRANSPARENT 

Independence 8 8 
Proximity [3•E]o 

Adjacency I . I . lo 
Intersection Imo 

Inclusion G 
Figure 6.2 Transitional patterns for an integration 

by equality (detail of figure 2.20) 

The independent massive element provides no environmental continuity between interior and 

exterior whilst the independent transparent element provides a visual continuity that proves to 

be environmentally highly unstable. These arrays represent the pavilion type of urban array 

where no micro-climate is possible between the isolated built forms. The proximity configuration 

begins to . show the possibility to create a micro-environment by taking advantage of the 

proximity of the massive and transparent elements. This array corresponds to the public space 

of historic city centres that were well adapted to the pedestrian's scale. The adjacency array 

provides a clear spatial continuity and an interesting environmental diversity brought by the 

conservative nature of the massive element and the selective nature of the transparent one. 

This array corresponds to the attached conservatory, winter garden and the arcade type. The 

intersection array consists of a much more challenging articulation, where an additional space is 

created between the massive and transparent elements, to mitigate the vagaries of the latter. 

Examples of that sort are rather uncommon, but the arcade type again illustrates the point. In 

summer, the cellar of the arcade shop acts as a most conservative space whilst the ground floor 

acts as the intermediate space between the stable cellar and the unstable environment of the 

arcade. The inclusion array represents the most common built form consisting of a mixed 

envelop of solids and voids, assisted by more or less extensive mechanical means to 

compensate for extreme climatic variations. 

Amongst the previous arrays, the intersection remains the most daring and generative of spatial 

and environmental diversity. This type of environmental transition from the most public to the 

most private space of a building and from the most variable street environment towards the most 
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stable one, constitutes a genuine example of the potentialities of the built form to generate 

passively its own environments. Moreover, these spaces appear to have the power to 

determine the occupation according to environmental conditions. Within such an approach, the 

plan no longer proceeds solely from within to without, as suggested by the Modems, but also 

from without to within. The environmental conditions therefore dictate the function, which in 

turn, dictates the plan. The specific occupations are likely to occur at the point of resolution of 

the internal and external environmental forces, responding to the needs of a particular function. 

In this respect, transitional spaces, such as passages, courtyards and especially arcades, proved 

to be very efficient means of providing this continuous diversity since they are neither interior 

nor exterior spaces. Comfort being much dependent on the expectation of the individual, a 

purely subjective matter, transitional spaces can not be associated with any particular comfort 

requirements and therefore escape to the deterministic nature of contemporary built forms. The 

character of a space has therefore an utmost importance on the behaviour of the individual. 

When entering a space that is physically separated from the exterior with visually interior 

features, the usual behavioural response to this new environment would be to remove some 

layers of clothes to avoid discomfort by a too abrupt environmental stimulus. However, the 

environmental adaptation when moving into a space involving no crossing of physical 

boundaries, featuring ambiguous details and scale, occurs more progressively. In that case, 

there is no need for a behavioural response apart from slowing down the pace and becoming 

more and more aware of the people and the activities of the space. 

The notion of continuity of the urban space also triggers the delicate threshold between the 

public and the private realms of the city. When the public space becomes private, as many 

contemporary developments have unfortunately shown, the pedestrian's freedom of 

movement is often lost, as well as the possible continuous environmental diversity. However, 

when a private space becomes "public", the permeability of the city increases and a rich spatial 

continuity emerges which has the potential to enhance the overall experience of the city. 

Interestingly, most of the arcade projects discussed in this research were the product of private 

initiatives. The city therefore not only develops from public will, but also by the additive process 

of small privare initiatives. The arcade is unique in the sense that it is as much a piece of 

architecture as a piece of urban planning. The two worlds collide in its resolution . It is a potent 

example of the possibility for the architect to create a genuine "public" space that contributes to 

the liveability of the city. As Echenique (1996) points out, architects must be involved in city· 

decision and take initiative in shaping the city from their own scale of intervention. The current 

specialisation between the external urbanistic matters and the interna! architectural matters has 

undoubtedly contributed to the isotropisation of the city. However, a better understanding of 

the environmental qualities of the internal exterior spaces discussed in Chapters 4 and 5, 

constitutes a step forward into the creation of a more environmentally stimulating city. 
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Today, the Grosvenor Precinct in Chester (see figure 3.5) probably stands as one of the rare 

relevant example of the potentiality of an Internal Exterior with respect for historical urban fabric 

and contemporary retail needs. The famous 'Rows' have been successfully connected to the 

modern shopping centre through the Victorian St. Michael's Arcade . The resulting opportunity 

for the variety of pedestrian movement, as noted by Bednar (1990), is remarkable. 

''The 'Rows' complement the exterior pedestrian system by being removed from 

the traffic level, yet constantly oriented to it, with excellent connection between the 

two. The interior mall and the historic arcade afford yet another kind of shopping 

environment to complement the others. Pedestrians can choose a variety of routes 

based on their own inclinations or on the weather. ( .. .) The urban-design lessons to 

be learned from Chester are many; the value of continuity between interior and 

exterior pedestrians systems through multiple access points is one such lesson. 

Chester bears continued referral and study as a valuable urban design model with 

historic continuity". 

(Bednar, 1990, p.193) 

6.3 The return of the fliineur 

The f/anerie is marked by a state of spiritual gaze occurring simultaneously with the movement of 

the body. In that sense, the flaneur may appear as a rather incongruous figure to the modern 

urbanites, who have lost this simple and complete confidence in urban spaces. This short 

reflection seeks to uncover the origins of the flaneur and his rapid disappearance in recent 

history. Once everywhere in the streets of nineteenth century cities, they are barely noticed 

today. The fact is that the f/aneur, not unlike a very rare and sensitive wild creature, needs a very 

discrete environment to induce his incongruous behaviour. 

The flanerie is an invention of the Romantic Paris where people were keen to enjoy the 

complexity and diversity of the city, and where people and places were a single entity. As 

Lemoine (1983) points out in his seminal work on the covered passages of Paris: "The flanerie 

is essentially different from the stroll. The later relates to the body whilst the former relates to the 

senses and the spirit." This importance of the senses is reckoned by Sennett who argues that 

the gradual desensitisation of the modern body has destroyed the awareness of the urbari 

dweller to the physical and social world, leading to an ever increasing urban individualism. The 

flaneur was born at the very effervescent time in history where the values of the society were 

quickly transformed by the new industrial age. The city became a complex display of goods and 

a theatre for the nouveautes that spilled out on to the streets. This social as well as spatial mise 

en scene gave birth to the flaneur. Both were interdependent and could not exist in isolation . 
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However, a progressive trend toward the interiorisation of the city was already emerging for 

obvious speculative reasons. New technologies rendered possible the climatisation of vast 

enclosed spaces that eventually attracted the urbanite seeking more and more comfortable 

environments. This quest for comfort by means of technology has been a recurrent theme in 

the history of western civilisations since, it seems, the Fall of Adam and Eve from Paradise. It has 

unfortunately led to a total disconnection from our surrounding world. Biology however 

suggests that a certain instability is vital to the living organisms and that the process of 

adaptation to variable environments constitutes the very essence of life. The current 

individualism or introspection of the urban dweller can be seen as the result of combined lack of 

stimulation, excessive comfort in indoor spaces, and excessive discomfort in outdoor spaces. 

The correct stimulation of our senses is therefore essential to our awareness of the 

environment, both physical and human. The final drama of the contemporary city is that the 

interior realm has been totally segregated from the exterior realm in the name of comfort. The 

interior realm has been climatised to standardised norms of comfort whilst the exterior realm has 

been abandoned and denatured by the fast moving crowds and vehicles in the linear open 

street. Very few spaces have been left for the activities of the f/aneur, who needs the correct 

density of people and relative protection from the elements to conduct social transactions. 

The space of the flanerie takes its most striking expression in the arcades of the late eighteenth 

and nineteenth century. The arcade type is an original combination of the social Greek stoa and 

the profit oriented Bazaars of Eastern civilisations. In the arcade, the flaneur finds the perfect 

intermediate environment to gaze at length at people and goods. In this pedestrian enclave 

protected from the elements and the turmoil of the street, ones slows down the pace and 

suddenly, the level of awareness to other people and the space increases. Not unlike the 

basilica of the Roman baths, the space of the arcade is sumptuously ornamented to add to this 

phantasmagoria of having mysteriously, and without having even crossed a doorway, 

penetrated into a new realm. In such conditions , the individual is driven closer to other people 

by the limited dimension of the space, but movement means that there still exists a correct 

distance for intimacy. The ambiguity of that space stems from the fact that one has clearly 

penetrated into a new space, but has still full consciousness of what was before, of the 

conditions of the sky through the glazed roof, of the city through the open entrances. Once 

back on the street, the flaneur stays for a while in that state of sensuous gaze with space and 

people, before resuming the faster pace of the other urban moving bodies. Arcades are not 

however the only ways of inducing this flanerie. Several cities have displayed original ways to 

enhance the density of their built form without jeopardising the permeability of the urban fabric . 

Narrow passages and courtyards are also very praised intermediate spaces to circulate and 

favour social transactions and fortuitous meetings. Of these rich spaces, the interconnecting 

courtyards of Cambridge and Oxford, inherited from the monastic orders, constitute genuine 

intermediary spaces for flanerie. At the scale of the city, they create a secondary pedestrian 
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route of semi-private spaces protected from the cold wind of winter and the blazing sun of the 

summer. 

It is perhaps symptomatic that the flanerie has acquired a pejorative sense in our modern cities. 

Speed and efficiency have guaranteed the twentieth century urbanite his most valued right tor 

comfort and intimacy. In such a context, the flaneur might seem quite an anachronistic, and 

even an intrusive presence. However, this ·very presence of the flaneur, or many flaneurs, in 

city centres is the proof of a more convivial city. As the arcades of the nineteenth century have 

stimulated the senses of the urban bodies and popularised the flanerie, the creation of more 

permeable urban fabrics and interrelated semi-public spaces will precede the return of the 

genuine f/aneur in the modern city. 

Whereas eighteenth century planners believed that movement was essential in cities tor 

sanitary and healthy reasons, the twentieth century planner, on the other hand, disturbed by 

the increasing chaos of the street, created a city tor sedentary purpose, which implied a certain 

state of stability and more controlled interior public environments. Where too much movement in 

the street discouraged sociability, too much comfort in the interior also threatened sociability to a 

further extent. The ambiguous place of conviviality, at the very centre of these two extremes, 

disappeared. In Tancred, a satirical portrait of Victorian society, Disraeli writes: 

"( ... ) the European talks of progress, because by an ingenuous application of 

some scientific acquirements, he has established a society which has mistaken 

comfort for civilisation." 

Disraeli, 1845, in Bradford, 1983, p.181) 

Disraeli's contempt tor the then on-going 'fever of progress' suggests that progress, 

understood here to be the great revolution of science and technology, has improved comfort 

but lessen the real virtue of civilisation and by extension civility. British arcades, which bear the 

imprint the Victorian society that propagated this built form of the pre-technological revolution, 

are the legacy of a civilisation that ranked highly its social values. There is no doubt that these 

extensions of the public domain into the protected semi-private spaces encouraged their social 

transactions and enhanced the overall experience of the city. 

6.4 Prospects 

This thesis has demonstrated the importance of environmental diversity at the architectural and 

urban scales. It has particularly shown the extent of the thermal diversity stemming from historic 

urban forms such as the court, the passage and the arcade. This work confirms Gibson's (1966) 

postulation that all five senses work together in actively seeking information of the environment 
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and that the basic orienting and haptic systems are particularly relevant for our understanding of 

space. In a society that is dominated and mainly ruled by the visual sense, the proposed 

approach has identified the advantages of considering the perception of space as a more 

complex sensual activity. It has also highlighted some interesting thermal dimensions of historic 

urban forms hidden from a purely visual assessment of the built environment. The uncommon 

survey approach, that could be qualified as historicist as opposed to the most commonly 

available technological simulation, appeared essential to assess the full scope of the embodied 

human experience in shaping the built environment for the creation of convivial and comfortable 

places. Since environmental diversity, within a certain degree, is part of the natural adaptive 

capacity of the human body. Biologically, there is no need to interiorise the architecture and the 

city within a controlled environment devoid of any thermal stimuli. In the current context of the 

disappearance of the public realm at the profit of fast motorised circulation, the creation of 

genuine transitional spaces may well constitute the only "public" refuge for the contemporary 

pedestrian and its social transactions. 

The arcade, which was created in the eighteenth century as a response to such environmental 

problems as traffic congestion, still constitutes a valuable model for the twentieth century city. 

This thesis has demonstrated that it is possible to achieve highly performant passive urban 

environments within the variables of architecture alone. The arcade constitutes the culmination 

of a slow evolution in the knowledge of the control of the environment by passive means. It is 

probably no accident that the most performant arcade of the corpus of the survey is Royal Opera 

Arcade in London. This earliest of British arcades was built according to the pre-industrial 

technology which meant that a sensible relation between opacity and transparency was 

achieved. Royal Opera Arcade stands as the most relevant passive 'public' space that combined 

all aspects of civilisation and the complete pleasure of all senses by progressive adaptation. 

Later arcade examples lost these intrinsic environmental qualities through the overuse of glass 

in the name of visual transparency. 

The economic advantages of transitional spaces should not be overlooked. Transitional spaces, 

as they favour a progressive adaptation to a variable environment, allow a much larger level of 

acceptability to- environmental variations. They can therefore participate actively in the current 

urge for energy conservation at the scale of the building and the city, as well as contribute to a 

more liveable urban environment. It is paradoxical that these very energy conservation policies 

are responsible, to a certain extent, for the interiorisation of the city, by encouraging the creation · 

of highly performant but necessarily totally sealed envelopes. Transitional spaces offer a more 

responsible and civic means of reconciling building, energy, and comfort. 

This does not suggest that architects should return to a brutal historicist approach to transitional 

spaces. The making of places and the methods of production are inescapably fused with 
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modern technology. In fact, as Van Eyck (1966) justly affirms, "neither a sentimental antiquarian 

attitude towards the past, nor a sentimental technocratic one towards the future should prevail 

(in the shaping of architecture)". Contemporary technologies should assist the architect in the 

critical reinterpretation of the vernacular paradigms in order to lead to a more convivial and 

emotionally accessible built environment. The understanding of the complex environmental 

behaviour of transitional spaces by the use of simple technological means, initiated in this 

thesis , and the possible future prediction of their environmental behaviour through more 

complex simulations, belongs to this approach. Such systemic understanding of the behaviour 

of the built form should not restrain the imaginative liberty of the architect but make the relation 

between climate, building and comfort as explicit as necessary. Perhaps Norberg-Schulz (1976) 

best expresses the real value of technology and the immense prospect for an environmental 

science of architecture: 

"The technical revolution of the last hundred years is therefore more than a 

technical revolution. In fact, modern technology does not only serve to solve 

quantitative and economic matters, but, if properly understood, may help to 

substitute the devalued motifs of historicism with forms which give our environment 

character, and thereby make it become a real place." 

(Norberg-Schulz, 1976) 
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Appendix A 

Appendix A 1 - THERMAL NETWORK FOR SIMULATION 

MASSIVE (MAS) TRANSPARENT (TRANS) 

5 

7 

9 

10 

A 

ADJACENCY (ADJ) 

8 

11 12 

INTERSECTION (INT) 

11 

15 

8 

16 

INCLUSION (INC) 

5 

9 

1 A 

2 

3 . ' ' 

A 

17 
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Appendix A2- CAPACITANCES D(I) & SOLAR FRACTIONS (F1) 
INDEPENDANCE-MASSIVE (MAS.) 

z X y 
Node Element Description Thick. Lenghl Height 

(m) (m) (m) 
1 Interior (MAS.) air 3,0 3,0 3,0 
2 Wall brickwork 0,1 3,0 3,0 
3 polystyrene 0,1 3,0 3,0 
4 Roof brickwork 0,1 3,0 3,0 
5 polystyrene 0,1 3,0 3,0 
6 Wall brickwork 0,1 9,0 3,0 
7 polystyrene 0,1 9,0 3,0 
8 Floor brickwork 0,1 3,0 3,0 
9 polystyrene 0,1 3,0 3,0 

INDEPENDANCE-TRANSPARENT (TRANS.) 
Interior (TRANS.) air 3,0 3,0 3,0 

2 Floor brickwork 0,1 3,0 3,0 
3 polystyrene 0,1 3,0 3,0 

ADJACENCY(ADJ) 
1 Interior (MAS.) air 3,0 3,0 3,0 
2 Wall brickwork 0,1 2,1 2,1 
3 polystyrene 0,1 2,1 2,1 
4 Floor brickwork 0,1 3,0 3,0 
5 Interior (TRANS.) air 3,0 3,0 3,0 
6 Floor brickwork 0,1 3,0 3,0 
7 Roof brickwork 0,1 3,0 3,0 
8 polystyrene 0,1 3,0 3,0 
9 Wall brickwork 0,1 9,0 3,0 

10 polystyrene 0,1 9,0 3,0 
11 polystyrene 0,1 3,0 3,0 
12 polystyrene 0,1 3,0 3,0 

INTERSECTION (INT) 
1 Interior (MAS.) air 3,0 3,0 3,0 
2 Wall brickwork 0,1 2,1 2,1 
3 polystyrene 0,1 2,1 2,1 
4 Floor brickwork 0,1 3,0 3,0 
5 Interior (TRANS.) air 3,0 3,0 3,0 
6 Floor brickwork 0,1 3,0 3,0 
7 Roof brickwork 0,1 3,0 3,0 
8 polystyrene 0,1 3,0 3,0 
9 Interior (INT.) air 3,0 3,0 3,0 

10 Roof brickwork 0,1 3,0 3,0 
11 polystyrene 0,1 3,0 3,0 
12 Wall brickwork 0,1 9,0 3,0 
13 polystyrene 0,1 9,0 3,0 
14 Floor brickwork 0,1 3,0 3,0 
15 polystyrene 0,1 3,0 3,0 
16 polystyrene 0,1 3,0 3,0 
17 polystyrene 0,1 3,0 3,0 
18 Wall polystyrene 0,1 2,1 2,1 
19 brickwork 0,1 2,1 2,1 
20 Wall brickwork 0,1 3,0 3,0 
21 polystyrene 0,1 3,0 3,0 

INCLUSION (INC.) 
1 Interior (INC.) air 3,0 3,0 3,0 
2 Wall brickwork 0,1 2,1 2,1 
3 polystyrene 0,1 2,1 2,1 
4 Roof brickwork 0,1 3,0 3,0 
5 polystyrene 0,1 3,0 3,0 
6 Wall brickwork 0,1 4,5 3,0 
7 polystyrene 0,1 4,5 3,0 
8 Floor brickwork 0,1 3,0 3,0 
9 polystyrene 0,1 3,0 3,0 

A 
Area 

(m2) 

9 
9 
9 
9 
9 

27 
27 
9 
9 

9 
9 
9 

9 
4,49 
4,49 

9 
9 
9 
9 
9 

27 
27 
9 
9 

9 
4,49 
4,49 

9 
9 
9 
9 
9 
9 
9 
9 

27 
27 
9 
9 
9 
9 

4,49 
4,49 

9 
9 

9 
4,49 
4,49 

9 
9 

13,5 
13,5 

9 
9 

V 
Volume 

(m3) 

27,00 
0,90 
0,90 
0,90 
0,90 
2,70 
2,70 
0,90 
0,90 

27,00 
0,90 
0,90 

27,00 
0,45 
0,45 
0,90 

27,00 
0,90 
0,90 
0,90 
2,70 
2,70 
0,90 
0,90 

27,00 
0,45 
0,45 
0,90 

27,00 
0,90 
0,90 
0,90 

27,00 
0,90 
0,90 
2,70 
2,70 
0,90 
0,90 
0,90 
0,90 
0,45 
0,45 
0,90 
0,90 

27,00 
0,45 
0,45 
0,90 
0,90 
1,35 
1,35 
0,90 
0,90 

C 
Spee.Heat 

(J/kgoC) 

1200 
792 

1224 
792 

1224 
792 

1224 
792 

1224 

1200 
792 

1224 

1200 
792 

1224 
792 

1200 
792 
792 

1224 
792 

1224 
1224 
1224 

1200 
792 
1224 
792 

1200 
792 
792 

1224 
1200 
792 

1224 
792 

1224 
792 

1224 
1224 
1224 
1224 
792 
792 

1224 

1200 
792 

1224 
792 

1224 
792 

1224 
792 

1224 

a 
Density 

see note• 
(kg/m3) 

3 
1700 
36 

1700 
36 

1700 
36 

1700 
36 

3 
1700 
36 

3 
1700 
36 

1700 
3 

1700 
1700 
36 

1700 
36 
36 
36 

3 
1700 
36 

1700 
3 

1700 
1700 
36 
3 

1700 
36 

1700 
36 

1700 
36 
36 
36 
36 

1700 
1700 
36 

3 
1700 
36 

1700 
36 

1700 
36 

1700 
36 
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D(I) 
CAPACITANCE 

v·c-aJ3600 
(J/OC) 

27 
337 
11 

337 
11 

1010 
33 

337 
11 

27 
337 
11 

27 
168 

6 
337 
27 

337 
337 
11 

1010 
33 
11 
11 

27 
168 

6 
337 
27 

337 
337 
11 
27 

337 
11 

1010 
33 

337 
11 
11 
11 
6 

168 
337 
11 

27 
168 

6 
337 
11 

505 
17 

337 
11 

F1 
Solar 
fract. 
(m2) 

0 
0 
9 
0 
3 
0 
0 
0 
0 

6 
3 
0 

3 
0 
3 
1 
6 
3 
0 
3 
1 
0 
0 
0 

3 
0 
3 
1 
6 
3 
0 
3 
1 
0 
3 
1 
0 
1 
0 
0 
0 
1 
0 
0 
0 

3 
0 
5 
0 
3 
1 
0 
1 
0 • Ai r volume is multiplied by 3 to represent the thermal mass of objects in the space [Baker 1994). 
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Appendix A3 - INTERNODAL H(l,J) & AMBIENT G(I) CONDUCTANCES 
INDEPENDENCE-MASSIVE (MAS.) 

z k R X y A H(l,J) & G(I) 
Node Element Thick .A esi stivit Resistance Lenght Height Area CONDUCTANCES 

zxK A *(1/R) 
(m) (k/m) (m2°C/W) (m) (m) (m2) (W/°C) 

1 to 2 V. air film (I) 0, 12 3 3 9,0 75 to 4 H. air film (I) 0, 12 3 3 9 ,0 75 
to 6 V. air film (I) 0, 12 9 3 27,0 225 to 8 H. air film (I) 0, 12 3 3 9,0 75 2 to 3 Wall: brickwork 0, 1 1, 19 0, 119 3 3 9,0 76 

polystyrene 0, 1 34,7 3,47 3 3 9,0 3 
total: 78 3 to A V. air film (0) 0,03 3 3 9,0 300 4 to 5 Roof: idem 2 to 3 (MAS.) 78 5 to A H. air film (0) 0,03 3 3 9,0 300 6 to 7 Wall: brickwork 0, 1 1, 19 0, 119 9 3 27,0 ' . 227 polystyrene 0, 1 34,7 3,47 9 3 27,0 8 
total: 235 7 to A V. air film (0) 0,03 3 3 9,0 300 8 to 9 Floor: idem 2 to 3 (MAS.) 78 9 to A Earth 1,0 0,71 0, 71 3 3 9,0 13 

INDEPENDENCE-TRANSPARENT (TRANS) 
1 to A Opening: single glass 0, 19 divers 45,0 237 1 to 2 H. air film (I) 0, 12 3 3 9,0 75 2 to 3 Floor: idem 2 to 3 (MAS.) 78 3 to A Earth 1,0 0, 71 0, 71 3 3 9,0 13 

ADJACENCY (ADJ.) 
1 to 2 V. air film (I) 0, 12 3 3 9,0 75 to 4 H. air film (I) 0, 12 3 3 9,0 75 

to 5 Opening: single glass 0, 19 2, 12 2, 12 4,5 24 to 7 H. air film (I) 0, 12 3 3 9,0 75 to 9 V. air film (I) 0, 12 9 3 27,0 225 2 to 3 Wall: brickwork 0, 1 1, 1 9 0, 119 2, 12 2, 12 4,5 38 
polystyrene 0, 1 34,7 3,47 2, 12 2 , 12 4,5 1 

total: 39 3 to 5 V. air film (I) 0, 12 2, 12 2, 12 4,5 37 4 to 11 Floor: idem 2 to 3 (MAS.) 78 5 to A Opening: single glass 0, 19 divers 36,0 189 5 to 6 H. air film (I) 0, 12 3 3 9,0 75 6 to 12 Floor : idem 2 to 3 (MAS.) 78 7 to 8 Wall: idem 2 to 3 (MAS.) 78 8 to A H. air film (0) 0,03 3 3 9,0 300 9 to 10 Wall: brickwork 0, 1 1, 19 0, 119 9 3 27,0 227 
polystyrene 0, 1 34,7 3,47 9 3 27,0 8 

total: 235 10 to A H. air film (0) 0,03 9 3 27,0 900 11 to A Earth 1 ,0 0,71 0,71 3 3 9,0 1 3 12 to A Earth 1, 0 0,71 0,71 3 3 9,0 1 3 
INTERSECTION (INT.) 

1 to A Opening: single glass 0, 19 2, 12 4,24 9,0 47 1 to 2 V. air film (I) 0, 12 3 3 9,0 75 to 4 H. air film (I) 0, 12 3 3 9,0 75 to 5 Opening: single glass 0, 19 2, 12 2, 12 4,5 24 to 7 H. air film (I) 0, 12 3 3 9,0 75 to 9 Opening: single glass 0, 19 2, 12 2, 12 4,5 24 
to 18 V. air film (I) 0, 12 2, 12 2, 12 4,5 37 to 20 H. air film (I) 0, 12 3 3 9,0 75 2 to 3 Wall: brickwork 0, 1 1, 19 0, 119 2, 12 2, 12 4,5 38 

polystyrene 0, 1 34,7 3,47 2, 12 2, 12 4,5 1 
total: 39 3 to 5 V. air film (I) 0, 12 2, 12 2, 12 4,5 37 4 to 16 Floor: idem 2 to 3 (MAS.) 78 5 to A Opening: single glass 0, 19 divers 36,0 189 5 to 6 H. air film (I) 0, 12 3 3 9 ,0 7 5 6 to 17 Floor: idem 2 to 3 (MAS.) 78 
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7 to 8 Wall: idem 2 to 3 (MAS.) 78 
8 to A H. air film (0) 0,03 3 3 9,0 300 
9 to 1 O H. air film (I) 0 , 12 3 3 9,0 75 

to 12 V. air film (I) 0, 12 9 3 27,0 225 
to 14 H. air film (I) 0, 12 3 3 9,0 75 
to 19 H. air film (I) 0, 12 2, 12 2, 12 4,5 37 

10 to 11 Roof: H. air film (I) 78 
11 to A H. air film (0) 0 ,03 3 3 9 , 0 300 
12 to 13 Wall: brickwork 0, 1 1, 19 0, 119 9 3 27,0 227 

polystyrene 0 , 1 34, 7 3 ,47 9 3 27,0 8 
total: 235 

13 to A V. air film (0) 0,03 9 3 27,0 900 
14 to 15 Floor: idem 2 to 3 (MAS.) 78 
15 to A Earth 1, 0 0, 71 0, 71 3 3 9,0 1 3 
16 to A Earth 1,0 0, 71 0 , 71 3 3 9,0 13 
17 to A Earth 1 ,0 0, 71 0, 71 3 3 9,0 1 3 
18 to 19 Wall: brickwork 0, 1 1, 1 9 0, 119 2, 12 2, 12 4 ,.5 38 

polystyrene 0, 1 34,7 3,47 2, 12 2, 12 4,5 ' · 1 
total: 39 

20 to 21 Wall: brickwork 0, 1 1, 19 0, 119 3 3 9,0 76 
polystyrene 0 , 1 34,7 3,47 3 3 9,b 3 

total: 78 
21 to A V. air film (0) 0,03 3 3 9,0 300 

INCLUSION (INC ) 
1 to A Opening: single glass 0, 19 8,48 2, 12 18,0 95 

to 2 V. air film (I) 0,12 2, 12 2, 12 4,5 37 
to 4 H. air fi lm (I) 0 , 12 3 3 9,0 75 
to 6 V. air film (I) 0, 12 4,5 3 13,5 113 
to 8 H. air film (I) 0, 12 3 3 9,0 75 

2 to 3 Wall: brickwork 0, 1 1, 19 0, 119 2, 12 2, 12 4,5 38 
polystyrene 0, 1 34,7 3,47 2, 12 2, 12 4,5 1 

total: 39 
3 to A V. air film (0) 0 ,03 2, 12 2, 12 4,5 150 
4 to 5 Roof: idem 2 to 3 (MAS.) 78 
5 to A H. air film (0) 0,03 3 3 9,0 300 
6 to 7 Wall: brickwork 0, 1 1, 19 0, 119 4,5 3 13,5 113 

polystyrene 0, 1 34,7 3,47 4,5 3 13,5 4 
total: 117 

7 to A V. air film (0) 0,03 4,5 3 13,5 450 
8 to 9 Floor : idem 2 to 3 (MAS.) 78 
9 to A Earth 1,0 0, 71 0,71 3 3 9,0 13 
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I 
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9 3 ,8 4,2 .... __ ·0~, 4_,_ __ , __ +------1-------1--------1---1 -------io 4,1 6; -2 
----i1 4 ,6 10,1 -5,5 
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25 -

20 

15 

17 '-5,7 16,3 1-----10~,6"+- -J----l---·---- -- 10 - rn 5;;1· ----i-2.2 -o, a -t----1- - --+--i----1----1----1 -----ill ~ -~ ~ ."2" • 'D-o--o--o -------,,s -----,,-- I -D-- • - • - - • - • 20 '+ ,:, o ,3 ·d. 4 5 ~. D:f"1::--rlc-n-"c --· - · - • - . ;--.•:--- •. ----11- a -a- a -~ j ~-47 · - 71, ~ g· - ---- ------------ • • - .. ... ..,_ -
-- 2214:s - '7 =-2'. :il ---- 23 - ,i ,s - -s.s · -:2 - --- ---- --- --
- 2,1 - ;r,,i ----6,1 ~ 1. 7 ---- --- ------ --
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-- TRJ\fJ !f.i'l:B~l [[RES 
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I 
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W 1 7 ,2 20 ,3 22 ,8 2, 5+--;-5.(., 6,.-+-- -7< 7,-;;,+ 0 ---1-- -+---l 11 18,1 22,5 27,7 5;-2 -9,6 -£,£ 
-i2 18,8 25,1 32,5 7,4 -13,7 -;j,,' 
------,-:,-r--,1r.5 27,6 36,4 8,8 -16,9 -4, 7 

14 20,1 29 ,7 39,0 9,3 -18,9 -4, !J 1152-u;,r - :,-,-;, 4o,o 8,9 -19,6 -o,4 
16 20,6 31,7 39,2 7,5 -18,6 1-·0;:-''.;.+t) --l-- +---l -----,-7~7 31,4 36:8 5,4 -16T -0, 4 
~~ 20,4 30,3 ~ 2,9 -12,8 -o,u_l-- --+----+-t 
I '" 1-g;!J 28 ,9 29,7 0,8 -9,8 -4,!> 

20 1 g;-2" 27 ,9 27 ,7 -0, 2 -8, 5 ·4, 4 
21 18,0 26,9 25,7 -1,2 -7,7 -4,:, 
a 17,0 25,6 23 ,4 -2,2 -6,4 __ ~_-4;.c·"~------I- - •--< -Z3116,3 -W 21,8 -2,7 -5,5 -4, 1 
24 15,6 ,___23,5 20,6 -2,9 1---'-5;,:.,0;,...i __ -~4·c;o--1---_ -+- --I--I IMean f7,2 24;4 25,7 1,3 -8;5 -3,6 

Mx: 20, 7 31,7 40,0 9,3 ~ .2 -1 ,3 
Mn: 73,7 18,5 16,2 -3,7 -19,6 -5,6 

Della 7,0 13,2 23,8 4,3 

40,0 

35,0 

30,0 ~ 
25,0 . ~ 
20,0 [l_~--0.. · - · - · - · - · ---· - · -

,___._. 0-a-- __ ...-- II.. -·- ~ ...-- -..... -.__........ ----- -·-· 15,0 .... · - · - · - · - ·--

10,0 -

5,0 

0 ,0 +-f-+-~---+-+-++-+-+-+-t----+-+---+---+-+- 1 I I I I I I 
1 3 5 7 9 11 13 15 17 19 21 23 

I 
I 
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Appendix A 

A c;,per, di x A4 -INTERSECTION CONFIGURATION (SHALLOW SPACES)- I 
~- --- - _ __ INT.A.01.RES _ _ . -- - ---- ----- . -- J ___ __ I ____ _I __ J_ _ __J __ .l._=:] __ 1 __ 1--

HR __ TA _ _ N9 _ _ N1 N59to1 1to5 5toA _Moy: _ 
__ 1 _ 4,?_ 10,2 11,4 8,6 _ 1,?_ ~!!_~i ~,Q__~ 

2 4,1 9,6 10,5 7,9 0,9 -2,6 -3,8 -1,8 60,0 
,----1 4,0 _2,_! 9,8 7,3 0,7 -2,5 -3,3 -1,7 
_ _ 4 _ j ,O 8,6 9,1 6,8 0,5 -2,3 -2,8 -1,5 ~ 

5 __ 3~ _ 8,2.____!Ll, ____§_c1~~ -2,5 -1,4 
__ 6 ~ 9 7,7 8,0 6,0~ ~ -2,0 -2,1 -1,3 
_ _ 7 .__~,8 7,4 7,5 ~ , __ Q,_L -1,7 -2,0 -1,2 

50,0 

__ 8 3,8 7,0 7,1 5,5 0,1 -1 ,6 -1,7,.___:_!,.1_ , __ 
9 ~ ___§2___§2,__.2g,____Q,Q_ -1,5 -1,4 -1,0 40,0 

10 4,1 7,2 8,5 9,1 1,3 0,6 -5,0 -1,0 ~ 
11 4,6 8,8 13,0 17,4 4,2 4,4 -12,8 -1,4 

__ 1_2 ~ __JJ_,_Q_~ ~,i~ 8,0 -21,3 -2,0 
13~_!3,4,~ ~,_JQ,_I 10,2 -28,1 -2,6 
14 5,9 15,5 27,5 38,2 12,0 10,7 -32,3 -3,2 
15 6,1 16,8 29,1 38,2 12,3 9,1 -32,1 -3,6 

--1-6 ~ 17,6 29,5 36,5 11,9 7,0 -30,5 -3,9 
_!I,~ 17,2 27,1 30,2 9,9 3_,_1__ ~ t~~-1--
_ 18 ~ 5,4 _ 16,0 23,0 J 2,0 ..._Z, O -1,0 -16,§__~5-

19 _5,_!_~.~ 16,0 4,8 -3,4 -10,9 -3,2 
_ gQ 4,9 13,8 17,5 13,9 3,7 .~ -9,0 .__:}_,_O _ 

21 4,7 13,0 15,9 12,4 2,9 -3,5 -7,7 -2,8 
_ 22 4,6 12,2 _ 14,5 _ 11 ,2 __ 2,3 ~ .3 _ -6,6 .__:?_,5 
_ 23 4,5 _ 11 ,5 13,3 10,2 _~ .~ - -3,1 -5,7 -2,3 

24 4,4 10,8 12,3 9,3 1,5 -3,0 -4,9 -2, 1 

30,0 

20,0 

' · ~,., 
10,0 ~ -l!J., ' · ~ 
~ ·-· -·-· ·· -·-· -· .· ·•. ·-· •·•. -· ·- . -•-•-•. 

0,0 1----1- 1- t--- t- l ---t---t-.-+---....-+----+--l -t-+---t- t---l----f- l-+---t 

3 5 7 9 11 13 15 17 19 21 23 
Mean .. 4,7 11,4 15,!_ -16,0 - 4,1 _··cco~,_5=--1--:c,-1i"c,3+-··--=·2,",2c-i-+-- --~-- ~ - ~ -~-~-~~-~-~-- I _ Mx _§_,!___!_L§_J!l,_!j_ 38,2 12,3 10,7 -1,4 -1 ,0 

Mn __ 3,8 __ 6,7 _ _ 6,7 _ 5,2 __ 0,0 -3,6 J¥ -3,9 ---------------- '------Delta 2,3 ,__HJ,~ _22,8_~,0 ,_ 
I- - --- - INT.A.10.RES __ , ___ , __ __,__ __ , ______ ._ _ __ , __ ,_ _ _, ___ --+---+---+--
HOUR TA - N 9 - N 1 - N 5 9to 1 1 to5 · 5toA Mo .,__ 
--1 10,4 19,8 ~ ~ 7 1,7 -4,5 -6,6 -3,1 

2 10,2 18,9 20,2 16,1 1,3 _-4~, 1_,_-'·5~,9~ ._- -2='-'-9 -l--l 
3 10 18 ~ 15,2 1,0 -3,c::_8+ - -=·5:,c:,2=-i-_·=,2,-',,7+-I 

--4 =:]&__!Id 18 14,4 0,7 -3,6 -4,6 -2,5 

60 

5 9,7 16,5 17 13,6 0,5 -3,4 -3,9 -2,3 50 
6 9,6 15,8 !~ 13, 1 0,4 -3, 1 -3,5 -2, 1 
7 ~~2 15,4 12,6 0,2 -2,8 -3,0 -19 
8 9,7 14,7 14,8 12,2 0, 1 -2,6 -2,5 -1> ·1-- 40 
9 10,314,9 16,21--15,6 1,3 >--:o.6 -5,3 -1,5 ,__ 

--10 11,3 16,3 20,2 ~ 3,5 3,9 3,3 -12,2 -1,7 
11 12,2 18,5 25,8 33,3 7,3 7,5 -21, 1 -2, 1 
12 13,1 21 ,1 31 ,8 42,5 10,7 10,7 -29,4 _.__·2='-'-7-l--l 
13 13,7 23,9 37,4 50, 1 13,5 12,7 -36,4 -3,4 

__!i __ 14,?~- 41,9 54,9 15,5 13,0 -40,7 -4,1 
15 14,4 28,3 44,7 56,5 16,4 11,8 -42, 1 -4,6 
16 14,4 29,4 45,4 54,7 16,0 9,3 -40,3 -5,0 ~ 
17 14 29,6 43 ,8,~ _Jj_,.?__~ -35,5 -5,2 
18 ,_!~? 28,7 __i0,2 ___i!_,§_-----1.!2_ _-1,i_ -28,i_~_ 

I 
30 II 
20 <~ J!J 
~ -· -· -· -· -·-· -· -1
• - · - · · - · - · - · -10 ·- · - · - · - · - · - · - · - · · - · 

19 12,5 27,1 35,4 ~ 2,5 8,3 -2,9 -20,0 -4,9 ~ 
20 11,9 25,4 31,2 26, 1 5,8 -5, 1 -14,2 -4,5 
21 ..JJ,i~?~,§_1---~__i.i_ ....:§,_?__~~~-=- 0 
22 ,__!_!,_!~ ~ ~~~ - ~~ -5,1 -10,3 -4,0_~_ 

_____?~e--!Q.!~ 24,6 19,7 2,7 -4,9 -9,0 -3,7 

_ ,_.._,.-1- J----...-.-l----4·-1--1---4-1-1- l- l- l- l--f- l- t--l--l- l- l 

3 11 13 15 17 19 21 23 5 7 9 
-~ ~ 20,8 22,9 18,2 .__?_,_1__ -4,7 -7,7 -3,4 - l--- ,--~-~-----,--~-~ ---~--1 Mean 11,6 21,5 27,4 28,2 6,0 0,8 -16,7 -3,3 

Mx ,_!j_,4 29,6 45,4 56,5 16,4 13,0 -2,5 -1,5 
- ~!2. ~ _11!._ ,_J.t lJ._.....!£,?._ __Q,_J_ -5,2 -42,1 -5,2 - ~----~-~---+--+ ---+--I--De/ta 4,8 _ 14,9 30,6 44,3 ~ i---i---1----1----
---1----t--- 1-----'-----I-- --1---- -+-----l--1-- -1-- - 1---1---1----1---+---l--4----I-INT.A.07.RES 

HR TA - N 9 N 1 N 5 9 to 1 i to5 Sia A-~ -_,__ 
__ 1 ____!hl,__?4,6 25,9 21 ,7 1,3 -4,2 -6,6 -3,2 
.~ 14,7 23,6 24,6 20,5 1,0 -4, 1 -5,8 -3,0 ,_ 

3 ~ 22,7 - ~ 19,5 0,7 -39 -52 -28 
__ 4,_!i,Q,~~~ 0,4 -3> -4'.6 -2'. 6 , _ 
_ _§~,7 21 ,1 21,4 17,8 0,3 -3,6 -4, 1 -2,5 

6 13,9 20,4 20,6 17,4 0,2 -3,2 -3,5 -2,2 
7 14,6 20,0 20,6 18,4 0,6 -2,2 -3,8 -1,8 

_ _ !! ,_! 5,4 19,9 21,0 20,0 1,1 -1,0 -4,6 -1,5 
9 16,3 20,0 21,8 21,8 1,8 0,0 -5,5 -1,2 

10 17,2 21,0 24,5 27,1 3,5 2,6 -9,9 -1,3 
11 18,1 22,7 _ 28,8 34,6 6,1 ,-..38 -16,5 -1,5 
12 18,8 24,9 33,5 41 ,9 8,6 8,4 -23, 1 -2,0 

--1319,5'~ - 37,9~ 10,8 10,0 -28:4 -2,5 
14 20,1 29,1 41,5 51,8 12,4 10,3 -31,7 -3,0 

__ 1_5, __ ?Q,4 30,7 43,7 53,2 13,0 9,5 -32,8 -3,4 
16 20,6 31 ,6 _ 44,2_~ .7 12,6 7,5 -31, 1 -3,7 
17 20,7 31,8 43,1 47,8 11,3 4,7 -27,1 -3,7 

__ 1!!~i 31,2 40,4 41,9 9,2 1,5 -21,5 -3,6 
19 19,9 30,3 37,4 36,2 7,1 -1,2 -16,3 -3,5 

,_____?Q_ 19,2 29,6 35,3 33,2 5,7 -2, 1 -14,0 -3,5 
21 18,0 28,7 33,2 30,2 4,5 -3,0 -12,2 -3,6 
22 17,0 27,6 30,9 26,9 3,3 -4,0 -9,9 -3,5 
23 16,3 26,6 29,0 24,7 2,4 -4,3 -8,4 -3,4 
~ 15,6 25,6 27,4 23,1 1,8 -4,3 -7,5 -3,3 
Mean 172 255 305 312 50 06 -13,9 -28 

60,0 

50,0 

40,0 / -~ 
I , ::~~=-~-~ 11-•-·-·-·-·-·-·-· ·-· 

10,0 

1 3 5 7 9 11 13 15 17 19 21 23 
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Appendix A 

Appendix A4 -INTERSECTION CONFIGURATION (DEEP SPACES) 
•- ---•~ iNT.B.01.RES 

HA~~'~ N 1____!i~ 9to 1 1 to5 °5/oA Mor_._ 
,__! ~ __ 8,Q~ 6,9 0,4 -1,5 -2,7 ,__:!&._,_ 
_.2 4,1 7,6 7,9 6,4 0,3 -1 ,5 -2,3 -1,2 ~ 40,0 

3 4,0 7,3 7,5 6,0 0,2 -1 ,5 -2,0 -1, 1 
_ 4 4,0 ~ 6,9 _ 7,0 5,7 0, 1 -1,3 -1,7 -1,0 ,_ 35,0 

5 ~ ~ ~,6 ___§,Z 5,4 0, 1 -1,3 -1,5 -0,9 
,____§ __ 3.~ ~ __ 6.~ _ 5._g _____Q,.Q_ ~!_,_:_1,3 _ _:Q.~ ~ 
__ 7 ~ ~ ~_!__6J_~___Q,Q_ -1,1 -1,2 -0,8 _,_ 30,0 

8 3,8 5,8 5,8 4,8 0,0 -1,0 -1,0 -0,7 
--9 3,8 ~ 5,5 4,6 -0, 1 -0,9 -0,8 -0,6 25 O 
_ !Q,__ic!e-----6,Q _ 6,_6 _ ?:,l~ _Q,.f _ __Q,i_ ~ Q_ -0,6_,_ . • 
__ 1_! .__i,6 __ _?:~....__J1,..~,__J 2,3J,Q_~ Q _ __:0z_ _:Q.li_,_ 

12 _ 5,1 _ 8,9 ·- 12,7 18,1 3,8 5,4 -13,0 -1,3 
13 5,6 10,6 15,9 __ 22,8 5,3 3 >!__ -17,2 -1,7 

__ 1i~ _J~i--18,3 ,_1.5,8,_£ __Id_ -19,9 _:s1_,_ 
15 6,1 13,0 19,3 25,9 6,3 6,6 -19,8 -2,3 
16 6,0 13,4 19,6 24,8 6,2 5,2 -18,8 -2,5 _,_ 
17 5,7 13,1 18,1 20,9 5,0 2,8 -15,2 -2,5 -:re 5;;1'~15]~6 _ 3,5 ~ a.a -10.2 -2.2 ,_ 
19 5, 1 11, 1 13,4 11,8 2,3 -1,6 -6,7 -2,0 
20 4,9 10,5 12,2 10,4 1,7 -1 ,8 -5,5 -1,9 
21 4,7 9,9 11 ,2 9,4 1,3 -1 ,8 -4,7 ,_:J_Z___ _ 

__ 2~ _ i,6 _ ~__!Q,i_J!,6 _ 1,Q_ _..:.!.&_ -4,0 -1,6 
23 4,5 8,9 9,7 8,0 0,8 -1,7 -3,5 -1,5 
24 4,4 8,5 9,0 7,4 0,5 -1,6 -3,0 -1,4 

Mean 4,7 9,0 10,9 11,6 2,0 0,7 -6,9 -1,4 

20,0 

0,0 ·'--1-t-t-+--t-l---t-t-+-t--+-l- t--t-1------+.---f-f-t-"---i- t-+--l 

3 5 7 9 11 13 15 17 19 21 23 

Mx 6, 1 13,4 19,6 25,9 6,3 7,5 -o .. -cc8+ - ---'-0f-',6c-l---+---+--- -+---l--+-- -l---+- --l--+---I---I Mn 3,8 5,6 5,5 4,6 -0, 1 -1,8 -19,9 -2,5 
Delta __ 2,~ _7,8 .J.4, ! _J_1,3_ ___ ·-- ____ _ 1,9 _ __ _ ________ ---· ___________ _ _ 
------·-- __________ , __ ,__,_ --1---1---1---1---1-- +---!---+---INT.B.10.RES 
HOUR TA - N9 - N 1 N5 9to 1 1to5 5toA Mov. 

1 10,4 16,6 17,1 14,5 0,5 -2,6 -4,1 -2,1 
2 10,2 15,9 16,3 13,9 0,4 -2,4 -3,7 -1,9 
3 10 15,3 15,5 13,2 0,2 -2,3 -3,2 -1,8 
4 ~_14,8 14,9 12,7 0,1 -2,2 -2,9 -1,7 
5 9,7 14,2 14,2 12,2 0,0 -2,0 -2,5 -1,5 
6 _ 9,.6_ ~ 13,7 11,8 -0,1 -1,9 -2,2 -1,4 
7 9,6 13,3 13,2 11,4 -0,1 -1,8 -1,8 -1,2 
8 9,7 12,9 12,8 11,2 -0,1 -1,6 -1,5 -1,1 

__ 9 10,3 ~ ! 13,6 13,3 0,5 -0,3 -3,0 -0,9 
10~.3 14,2 ~ 6.1 18,4 f-_ J , 9 2,3 -7,1 -1,0 _,_ 
11 12,2 15,9 19,6 24,8 3,7 5,2 -12,6 -1,2 

_ __g,~ --12.& 23,4 30,8 5,6 7,4 -17,7 -1,6 
__ 1~~_!~ 26,9~,__ 7,0 8,9 -22,1 -2,1 

14 14,2 21 ,6 29,7 39 8, 1 9,3 -24,8 -2,5 
,==:N14.4 - 23 31,5 40,2 8,5 8,7 -25,8 -2,9 

16 14,4 23, 7 32 39, 1 8,3 7, 1 -24,7 -3, 1 
17 14 23,7 31,1 35,9 7,4 4,8 -21,9 -3,2 
18 -1~£._1~.1_~~.~ 30,8 __ §lL ---1.JL..:.!.0§....---3~1--
19 12,5 21,8 25,9 25 __ 4, 1 -0,9 -12,5 __::3, 1 _ 
20 11,9 20,6 23,3 20, 7 2,7 -2,6 -8,8 -2,9 
21 11,4 19,7 21,7 18,9 2,0 -2,8 -7,5 -2,8 
22 11 .1 10.8 20,3 1t:s~ -2.8 -6:t -2.6 _ 
23 10,7 18 19,1 16,4........1,.!._ -2,7 -5,7 -2,4 
24 10,5 17,3 18,1 15,3 0,8 -2,8 -4,8 -2,3 

40 

35 

30 
•-*--. 

25 

-.~ 

10 - · - · - · - · - · - · - · - · • 

5 

0 - l- l--t- 1- 1- 1- l-f-l- t--t-l- f-·t- 1--t- f--i- l- +-+-1---, 

3 5 7 9 11 13 15 17 19 21 23 
Mean 11,6 17,9 20,8 21,8 .1--=2,'-"c9+-_1"-,o=-i--- ·:..::10-'=,2-+-~-2"', 1-1--1- - --~ ------- -~-~--- ----• .~ 14,4_.....?_3,7 32,0 40,2 8,5 9,3 -1,5 -0,9 

Mn 9,6 12,9 12,8 11,2 -0, 1 -2,8 -25,8 -3,3 
Delta 4,8 10,8 19,2 29,0 2,4 

,---o--- ~- - ··~ --L---- 1~--·1-----1----1- -1----1-- --1·--1-- +-- -l---l---l---l---+--INT.B.07.RES 
- ~H-=R- ~T~A-i---N--9 N1 N 5 9 to 1 1 to 5 5 to A Mov. 

1 15,1 21,9 22,2 19,5 0,3 -2,7 -4,4 -2,3 
2 14,7 21 ,2 21,3 18,6 0,1 -2,7 -3,9 -2,2 40,0 
3 14,3 20,5 20,5 17;9 0,0 -2,6 -3,6 -2, 1 
4 14,Q~~ 17,1 -0,1 -2,6 -3,1 -1,9 
5 13,7 19,2 19,0 16,5 -0,2 -2,5 -2,8 -1,8 

35,0 

6 13,9 18,6 18,4 _16.1_.._:Qg_ ~~ _..:.!.&_1--
__ 7 _1i,.6 ~~ 16,8 0,0 -1,5 -2,2 -1 ,2 

8 15,4 18,2 18,6 17,9 0,4 -0,7 -2,5 -0,9 
9 ,~ ~~ ~._M ___Qg_~.Q_ _:Q.I._ ~ 

__ 10 __11,? ...J.9,1 -~Q,~ _ 22& 1,7 2,0 -5,6 -0&_,_ 
_ !!~.6,!~ 23,6 27,8 3,2 4,2 -9,7 -0,8 
_ !I~,8 22.1 26,6 32,6 ..........i,i_ 6,o -13,8 -1.1 

13 19,5 23,7 29,4 36,6 5,7 7,2 -1 !,!__,__:1,:L,_ 
14 20,1 25,2~ • .z ~.~ 6,5 7,5 -19,1 -1,7 

_ 15 _ 20,4 26.3 33.2 40 ,3 _ 6,9 7, 1. ~.~~o ,_ 
__ 16~,.6~.....1~& -1.fl_,§..~ __§,J__ ..:_!8,9 -2, 1 

30,0 

/, 
~ ·-· -· -·-·--·- ·-· -·-· '•-.-· ' ·-· 15,0 ' -· - · . -· - - . -·-· .-

25,0 

I 

20,0 ~~-Ill-

17 20,7 27,1 33,0 37,1 5,9 4,1 -16,4 -2,1 
18~26,731,4 33,4 4,7 2,0 -13,0 -2,1 

10,0 

19 19,9 26,0 29,6 29,8 3,6 0,2 -9,9 -2,0 
20 19,2 25,6 28,4 27,8 2,8 -0,6 -8,6 -2, 1 5,0 
21 18,0 24,9 27,1 25,8,~ -1,3 -7,8 -2,3 

__ 2~ 17,0 _ 24,2 25,6 23,5 _ 1,4_ -2,1 _ -6,5 -2,4,_ 
~~~ 24,3~ 0,9 -2,5 -5,5 -2,4 

24 15,6 22,6 23,2 20,6 0,6 -2,6 -5,0 -2,3 

0 I O . -t---f-·f-f-f--l- t--1-t--l---t-1--1- t--l-t----\---t-f--f-f-j- l 

1 3 5 7 9 11 13 15 17 19 21 23 
Mean 17.2 225 249 258 24 08 -85 -18 
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Appendix A 

--_ L] Appendix A4 -INCLUSION CONFIGURATION 
INC.A.01.RES . ______ J __ c=L . ___ 1_ __ 1_ __ J_:c=r ____ 1__ HA --· tA Nii to A -··- ··--· --- ·-- ·----

---- j 4,2 6,3 -2, 1 
--- ---- ---- -- -

- 2 4,1 6,0 -1,9 
-- 40,0 --3 

~ .Q _ §,I _:I.,!. 
4 4,0 5,4 -1,4 

35,0 --5 - 3,9 - 5,2 ---:1,3 
- ---

--6 . 3,g _ §_.Q ·.!.,( ------ ~ --7 ___ 3& __ i& ~ .fL 30,0 
8 _ 3,!l _ t z ____:Q,9 
9 ~ !!_ 4,5 -0,7 

---- -10 ~ .! 5,i -1 ,3 - - -- 25,0 
--11 _ ___i.§ ~ Z..~ . -2, 7 ,- ~ 

12 _______hl ~ z -4,6 20,0 
13 ____§_& .____!!& -6,2 
14 5,9 13.4 -7,5 

--15 ~ 14,0 -7,9 - 15,0 
16 6,0 ~1 -8, 1 L~-0 

_!I _ 5,Z_ ,_____E ,9 -7,2 
10,0 18 5,4 11,0 -5,6 

19 ___§.,1 ~5 -4,4 
20 _j,~ ~ .7 -3,8 5,0 I -·-·----·---·-·-· -· 21 4,7 ~ !l_,1 -3,4 
22 -----;r,5 ~& ---30 

,_ --- - - - ---

23 -----;r,s 7,1 -2,6 0,0 - +-t- t-1 

24 4,4 6,7 -2,3 1 3 5 7 9 11 13 15 ff 19 21 23 
Mean 4,7 8, 1 -3,4 

Mx: --3. 1 14, 1 -0,7 
Mn: 3,8 4,5 -8,1 
~ 2,3 9,6 7,4 

- -· 
INC.A.10.RES 

HOUR TA N 1 1 to A 
1 10,4 13,9 -3,5 --2 10,2 13,3 -3,1 40 
3 10 12,8 -2,8 
4 .~ 12,4 -2,6 

35 5 9,7 12 -2,3 
6 ~~ ~ -2,0 ,_ 
7 __ 9,§_ c....J.1a3 -1,7 30 
8 ~ 11 -1,3 
9 10,3 11 ,7 -1,4 --·15 - 11,3 --13,6 --2.3 --- --· ----- -- ---- 25 

I~~~ 
- -fr 12,2 16,2 -4,0 

n~ 

12 13,1 18,9 -5,8 20 
13 13,7 21,4 -7,7 
14 14,2 23,3 -9,1 
15 14,4 24,4 -10,0 15 
16 14,4 24,6 -10,2 --1-7 14 23,9 -9,9 10 I -·-·-·---18 13,2 22,2 -9,0 ·-·-·-·-·-·-·-·-· ·-· 19 12,5 20 -7,5 
20 11,9 18,2 -6,3 5 

- 21 ~ 17,1 -5,7 
~ .......!!J. 16,1 -:S,o 

23 10,7 15,3 -4,6 0 t-;--< 

24 10,5 14,5 -4,0 1 3 5 7 9 11 13 15 17 19 21 23 
Mean 11,6 16,7 -5,1 

Mx: 14,4 24,6 -1,3 
Mn: 9,6 11,0 -10,2 

Delta 4,8 13,6 8,9 

-- ---- ,_ - --- - ~ --- ----- ·------ -- - --INC.A.07.RES 
HA tA Ni i to A --- - . -· ---- --·- ---- ---- ·- -·- -- ---- ----·---- ·--- --------

--1 15,1 ---rn:4 ---~.3 ------- ----__ ,_ 

2 14,7 18,6 -3,9 40,0 --3 1 4,3 1 8 ,0 ~ ,7 
4 ~ 17,3 ----3~ 35,0 §_ ___! 3,7 1§,!l_ -3,1 

--- --
6 13,9 16,3 -2.4 
7 14,6 16,3 -1,7 30,0 ____:__0 15;4 16,6 -1,2 
9 16,3 17,1 -0,8 

10 17,2 18,6 -1,4 25,0 
11 18,1 20,7 -2,6 
12 18,8 22,9 ~ 20,0 ~ · -·-·-· -·-·-·-

- 13 1 9,5 24;9 -5,4 ·-·- ...__ 14 20,1 26,6 -6,5 ....... . ....... '•-
15 20,4 27,6 -7,2 15,0 I 

, . -,_J - U j - • ..... 

16 20,6 27,9 -7,3 -· -· -· -· -..-·-17 20,7 27,4 -6,7 
10,0 18 20,4 26,4 -6,0 

19 19,9 25,1 . -5,2 
20 ___!~~ ~ ,3 -5,1 5,0 
21 18,0 23,3 -5,3 
~ 17,0 22,1 -5,1 

23 16,3 21,1 -4,8 0,0 f-+-t-t- I I-, 

24 15,6 20,2 -4,6 1 3 5 7 9 11 13 15 17 19 21 23 
Mean 172 2 1 5 -42 

202 



r 

~ 

Appendix B1 -Morphological analysis-Cambridge 1886 sector AB 

Space Type 
Ref.: I court I pas lstree, open 

hd vg hd vg 

14 
15 
2 
6 
8 

16 
17 
22 
31 
32 
33 

34 
3 
4 
5 
9 

18 
19 
21 
23 
24 
25 1 
26 3 
30 2 

14 
4 
6 
7 

10 
11 
12 
13 
16 
18 
9 
3 
5 5 

'1 
7 

27 

Adjacencies 
othr I Pbc S-p Pvte I nbr to 

2 13,15 
1 14 
2 2,3 
2 5,7 
2 5,9 

17 
1 16 
3 21,23,27 
2 32,33 

31 
34 

1 33 
2 2.4 
2 3,5 
3 4,6,8 

8 
19 

1 18 
2 20,22 
2 22,25 
1 25 

1 3 22,23,24 
3 2 27,27 
2 0 

3 13,1 5,16 
2 3,5 
1 3 
2 2,8 
0 
0 
1 13 
3 12,14,15 
1 14 
0 
0 
3 4,5,6 
2 3,4 

R 

I 
3 
2 

Morphology 
dim. (not dm) proportion 

(pixels) W L 

5656 
2709 

469 
712 

3086 
2546 
8084 
1741 
1354 

2095 

3187 
1925 
713 
697 
242 

265 

664 

3412 
883 

1200 

260 
350 

234 

350 
550 

250 

904 1808 
1732 800 

184 184 
110 140 

2734 
1381 
1058 
826 

3848 
8144 

967 
74135 

1829 

7955 

3 3 1 6 3 630 
2 2 1 22,26 3 280 

Protec'vity I Access 
S O ratio nbr cov. non-c. dim. proportion 

1 
5 1 
1 
5 2 
3 3 
4 2 

4 1 
2 2 
1 

3 1 
3 3 
7 2 
3 3 
4 2 
7 1 
5 1 
2 2 
2 2 
3 1 
2 2 

2 2 
2 2 
1 1 
1 1 
1 1 

1 1 
1 1 
1 1 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

2 2 
1 

·1 · 1 • 
0 
2 
0 

0 
. o 

(pixels) W 

310 
541 
178 
76 

198 
2249 
2500 

125 
97 

115 
307 
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28 

10 
20 
29 

15 
2 
8 

17 

··~~-

11 

4 

14% 

I 2 I 
.. , r 1 

I 

1, 

4% 3% 

~ 

2 I 1 26 

I 
I 

1 8 
0 

21 

I 
1 30 

2 13,14 
1 7 
1 7 
0 

2 

1 
1 

1 
1 

1 
1 

1 

347 
942 

13928 

3048 
169 
707 

2269 

5033 
7985 
5398 

194 
24803 

910 

194 
194 

150235 9059 

dwg err 3177 should be black 
9059 should be white 

PIXELS RATIOS rxw, 618953 gross built: 404944 0,65 
x.wht. : 208127 unbuilt 214009 0,35 
x.bck.: 410826 

PIXELS Circulation: 212157 0,34 
Px.tot.: 618953 unblt/res 1852 0 
x.wht. : 214009 
x.bck.: 404944 INT.: 0 

EXT.: 212157 

I 
0,65 street prh 63774 
0,00 streets 13928 
0,14 ramps 
0,14 courts 89596 
0,04 passages 24997 
0,03 cov.sidwlk.: 

place: 19862 

SEMI.: 
arcade 

3 2 

20 2 
7 
1 

0,65 

0 

0,00 
1,00 

0,13 

0,14 
0,04 

0,03 

0,00 

of which 

0,82 
0,18 

0 

2 

2 
2 
2 
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Appendix 81 -Morphological analysis-Cambridge 1978 sector AB 

Space Type Adjacencies Morphology 
Ref.: ! court passage lstree open other Pbc S-p Pvte nbr to R I dim. (not dm) proportion 

hd vg cov. n.cov. hd vg res unblt (pixels) 
9 l l 11 l """' 10 1 2 9,11 1 5358 

11 1 1 10 1 14321 
5 5 2 4,6 1 417 
3 1 1 1 1 5343 

19 1 1 18 1 1466 
20 1 0 1 324 
21 1 0 1 153 

2 1 1 4 1 929 
4 1 2 3,5 1 779 
7 1 1 8 1 4164 

16 1 1 1420 
18 1 1 19 1 1441 

1 1 0 1 21859 
3 1 0 1 3239 

321 0 1 902 
33 1 0 1 420 

£~ ~~ '.~ ·.~::~~~ Y'~J~:41~:~~~:0\~~17 ~J~: ~%¥~':Ff?!~~~~i~W~~2~~~~:S.~Jt~ 
12 1 1 13 2565 
8 1 0 167 

17 1 1867 

6 
2 

Wt.,~<Z"'.•1·-,:,=---~.,-!mt-t;/l'~· ' ,,,~,,&.,:Ii'•·,;;·.~ ~"- '·~" ,.,;;gg. .. ......_ .......... ~ .. -
15 1· 

X 

13 
1 
6 

14 

4 
5 

•,,;;: ;~Jl ".3"7.'.;;'fJ'.~l~~~:Il~·l~!_?f':Jf~ 

2 

18 
2 

-:::~p~1.l-~·r~~; 

7 
0 

6531 
9622 

"':/l~~1:r~~f~~;;W,q2,l('~;-::.~~:~~~w§!~ 

2 

0 
0 

"~:~1-~~.~£t%l~tt-~~~'!;_ 

17,8 

12 
3 
5 

9,1 

17025 

23497 
1502 
447 

2394 

2927 
239 

'Klf~Z.50'~:.:b"iJt,~"' 
136555 

w L 

/\Ll:tf .. 

Sffi 
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Protec'vity Access 
s 0 ratio nbr cov. non-c. dim. proportion 

(pixels) w L 

.,1",,!.?'i+:c'.'§t"f~~t 

;c 

2 
2 
0 
0 
0 
0 
0 

3 
1 
0 
0 

2 

;c 

2 
2 

3 

2 2 
¥.1$;~,11?,ji 

0 
0 

0 
0 

d,~ 

~':~~:~ttR't:'.'t~~~~!i:~~~ 

<'":,'."!l:-~_~%:9PJY.:: 

'.*~~:it~i 

.t{!l',"''r 

I 

~ ... ~· ... I -~~ 



Appendix B 

PIXELS RATIOS 
Px.tot. : 727912 gross built 510583 0,70 0,7 

3% 3% 
Px.wht.: 217329 unbuilt 217329 0,3 
Px.bck. : 510583 

of which 
0,70 Circulation: 209820 0,29 
0,01 unblt/res 7509 0,01 0,01 
0,14 

14% ·~ I 0,09 INT.: 0 
0,03 EXT.: 209820 
0,03 street prh 80774 0,14 0,83 

streets 17025 0,17 
ramps 1846 
courts 65926 0,09 

passages 20752 0,03 
cov.sidwlk. : 0 

place: 23497 0,03 

SEMI.: 
arcade 0 

~ 
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Appendix 82 -Morphological analysis-Cardiff 1942 sector D 

Adjacencies Morphology Protec'vity 
Ref.:~rt 

Space Type 
passage I stree, open other Pbc S-p Pvte I nbr to R dim. (not dm) proportion S O ratio nbr hd 

2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
28 
45 
30 

vg cov. n.cov. hd vg res unblt 

1 
1 
1 

1 
1 
0 
0 
0 
0 
0 

0 
0 
0 
0 

0 

14 
15 

9 
8 

1 
1 

(pixels) W L 
bbo 

1409 
659 

1222 
1180 
585 
684 
717 
524 
542 

3054 
1804 
665 
312 

4793 

4 
1 

1 0 
1 
0 

2 

0 

1 

1 358 
~.,rif.i1''1f.fi w- · ""'"' w~'/,;' Co ' ""· 4""'~":£:lll!!~~mi't" ,,f.'t:~,iii =,'i'\?.,7' li! 24 20 20 1 8754 1 O 

25 9 9 1 2973 1 0 
262 2 1 692 1 O 
27 5 5 1 765 1 0 
31 4 4 1 3237 1 0 
32 14 14 1 4667 1 0 
33 8 8 1 3759 1 0 
34 3 3 1 903 1 0 
35 6 6 1 1119 1 0 
36 19 19 1 4887 3 1 1 37 14 14 1 11265 1 
38 5 5 1 7729 2 2 

2 

Access 
cov. non-c. 

1 
2 

~'{t'fi'-1::"l'<'_ 

dim. proportion 
(pixels) W L 

804 
223 
871 
112 
60 

174 
647 

98 

110 
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.~v.:'fS:'~~~~1l~~tz:~ 

f,;f$Wi -~ l~Xt"~k~'t-~ s..;~-~fl:t:~J?HtY:~122::~f~fjJ~-- ·:N::"'g't,;g;',(~;:":;ft!~•I:~~~~ :·;c'#J,'.l,~d'S i~~_50:!2P~~1™'4~~ '7<';,'.\i::~"¥~~-?;~~ ··t.tY!:~;.:~~TKtJf~l-~~~~~iid 15 2 
44 0 
53 
54 

~-~~ -~~;,:~ I~·- ~ t_v~~:t~J~}Y~lt8±{~~.;zg, l:'/~~t1:.:::1~ ~~~"'&~t1t;'.i"iB.1~~~£~,•-~ 
47 
48 
55 
56 
52 
46 
49 
50 

1 3883 
3358 
8054 
3855 

~ 5$&7fJ/\'j~@rii;-ih~')f'?A;ffi 
24971 
42211 

9700 
4635 

17454 
2705 
6777 
3875 

2 2 

2 
2 

2 

~;~\~,.~~-:~:~~,~' 
4 

6 
2 
2 
4 

3 
2 

3 

'~~~~~--:._J;)0~ff-f~; .. ~:--t 
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~ 

51 
57 ~ ·""""!i'tt"-J 17 
18 
19 
20 
21 
22 
23 
14 
39 

22% 

6% 1% 

65% 

6536 
8020 

~~,~~£2~,~~:lB§~~j,f:?r,?;, ~h--., ·* {;J 

1 1052 
1 2815 

2283 
2674 
2398 
4555 
1683 
2336 
3910 
1939 

PIXELS RATIOS 
Px.tot: 1085238 gross built: 699334 0,64 

I 
Px.w.: 385904 unbuilt 385904 0,36 

Px.bck. : 699334 

0,64 Circulation: 321328 0,3 

I 
0,06 unb!Vres 64576 0,06 
0,22 
0,06 !NT.: 0 
0,01 EXT.: 317445 
0,00 street prh 109254 

streets 126884 
ramps 0 
courts 69923 
passages 15267 
cov.sidwlk.: 
place: 

SEMI.: 
arcade 3883 

0,00 
0,99 

0,00 

5 
6 
2 
1 
6 

1 
2 
2 
6 
2 

2 4 
13 1 
12 2 
3 5 
4 4 

0,64 

0,06 

0,22 

0,06 
0,01 . 

0 

of which 

0,46 
0,54 

2 
2 
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Appendix 82 -Morphological analysis-Cardiff 1994 sector D 

I I 
Space Type I I I Adjacencies 

Ref.: court . passage Jstree1 open other Pbc S-p Pvte nbr to 
hd vq cov. n.cov. hd vq res unblt 

R 
Morphology 

dim. (not dm) proportion 
(pixels) W L 

Protec'vity I Access 
S O ratio nbr cov. non-c. dim. proportion 

(pixels) W L 

PIXELS RATIOS 
Px.tot.: 1134647 built 702337 0,62 0,62 do not include Mall+arcade 

3% 3% 

I 
Px.w.: 432310 unbuilt 432310 0,38 

Px.bck.: 702337 
~ 

of which 
0,62 Circulation: 404114 0,36 

25% I 0,02 unblVres 28196 0,02 0,02 
0,05 
0,25 INT.: 53904 0,13 0,05 
0,03 EXT.: 342484 0,85 
0,03 street prh 194586 0,25 0,7 

61% 
0,01 streets 42648 0,15 

ramps 41753 0,15 
courts 
passages 
cov.sidwlk 28732 0,03 
place: 34765 0,03 

SEMI.: 0,02 

~ I cov.passa 7726 0,01 
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Appendix C1 - CONSTRUCTION AND CALIBRATION OF A PORTABLE ARRAY 

The construction of the portable array is inspired from a similar equipment devised by Baker and 

Standeven (1994) for an EC (European Community) project on indoor thermal comfort. 

Whereas the probes of the headset for this research were custom-assembled to minimise 

weight and volume, the headset version of the present study is less elaborated and consists 

essentially of the combination of readily available material from electronic and scientific 

equipment dealers. The array is therefore bulkier than the EC model but nevertheless easily 

portable. Thermistor beads, photocells, and an anemometer are mounted on the frame of a bed

time headset and wired to a micrologger. Figure 1 illustrates the entire apparatus. The 

micrologger is attached to a belt at waist level whislt the anemometer power supply fits into a 

pocket. This illustration also shows a humidity probe that was only used for pilot studies. Figure 

7 gives exhaustive details of the construction and assemblage of the various probes onto the 

headset itself. 

Photocells 

i Power 
supply 

Micro logger 

Figure 1 The portable array 

Temperature 

Dry-bulb and globe temoperatures are surveyed to allow for the calculation of the operative 

temperature. Precalibrated temperature probes are provided by the manufacturer of the 

micrologger, Grant Instruments. 
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Dry-bulb temperature 

Dry bulb ambient temperature is measured with a ready-made surgical temperature probe type 

FF. The thermistor gives a temperature range of -20 to 120°C with a storage resolution of 0, 1 °C 

which is appropriate for the proposed application. 

The sensor is positioned at a 50 mm distance from the head of the surveyor on a cantilevered 

support attached to the headset frame to reduce the offset due to the probe position within the 

subject's heat loss plume. According to Baker and Standeven (1994), this is an acceptable 

compromise between a reliable measurement of the local undisturbed conditions, away from the 

subject's influence, whilst having a protruding stalk of an acceptable lenght. At first, the glossy 

black surface of the probe was left unprotected but it proved too sensitive to· direct solar 

radiation, recordings a 5°C increase in temperature. A light reflective shading device was added 

over the bead to cut out direct radiation but the heat stored by the device proved to radiate 
again excessively on the bead. Finally, a simple aluminium foil cover glued directly on the bead 

reduced the radiative effect of the sun on the recording of dry bulb temperature to a ±1,4°C 

difference. Wherever possible in the surveys, the dry-bulb probes was always carefully 

positioned in the shade cast by of the head of the surveyor. 

After some pilot tests, the dry bulb temperature probe was found to be rather sensitive to air 

convection. In fact, there is nothing as difficult as to measure accurately air temperature under 

highly variable environments. The ideal method would have been to create a well isolated box_ 

into which ambient air would have been sucked slowly by a mechanical device to hit a thermistor 

bead. In the present surveys, this method is impossible and a compromise had to be reached. 

The exposure of the probe to wind has two effects: placed windward, it will cool down by direct 

convection and placed leeward of the head, it will be subjected to body heat dragged away from 

the heat plume. This last effect can particularly affect the reliability of the winter data since the 

body is much warmer than the air. To control this discrepency at best, the dry-bulb temperature 

probe was always oriented to face the wind. 

Radiant temperature 

Radiant temperature is measured with two ready-made globe temperature probes type AG by 

Grant Instruments. They consist of standard thermistors beads mounted on a prop and coverep 

with by a plastic sphere. After a simple test, they proved to have a very slow time response of the 

range of 20 minutes to heat up or cool down when placed and removed from direct sunlight. 

This time response was unnaceptable to the dynamic nature of the· surveys and the following 

measures were taken to overcome the problem. Baker and Standeven (1994) , in their custum

made version, had moulded hemispherical aluminium shell on which they glued the thermistors 

beads. According to their report, the resulting time response was of 2 minutes. The beads were 
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therefore taken out of their plastic shell and glued into two hemispherical shell made of very light 

aluminium sheet painted mat black. These shells were sealed and insolation added to reduce 

heat conduction from the surveyor's head (see detail 3, figure 6). Figure 2 shows the sensitivity 

of the improved globe and dry bulb temperature probes to direct sun radiations. 

35 

-0 30 0 -41 ... 
:s 1· -... 
ra - · - -... 
41 a. 25 
E 
41 
I-

20 
0 

Heating up 
time 

5 10 

Cooling down 
time 

15 20 

Time step (X1 min.) 

Dry bulb temperature 

Globe temperature 
(left and right) 

25 30 

Figure 2 Time constant of the final version of dry bulb and 
globe temperature probes. 

This graphs illustrates the temperature recordings of the globe and dry-bulb temperature . 

probes according to time when moving quickly from full shade to full sun. The dry-bulb probe 

has an almost instantaneous response to temperature variation as expressed by the unstable 

curve. The time constant of the globe temperature probes however is rather long and far from 

Baker and Standeven claims for a similar assemblage. It is nevertheless reduced twice compare 

with the original design. This time constant could not be improved in the scope of that research. 

The moving surveyor has therefore to reduced the pace when moving from full sunlight to 

shade and vice-versa to allow the probes to heat up or cool down. 

Air movement 

The air movement probe has to give a wide range of wind speeds to cover the amplitude of 

interior and exterior conditions in any direction. A standard thermal anemometer type TA-2-15 

from Airflow Instrumentation has been fitted to the headset. This anemometer is however 

calibrated for a single direction. By cutting out the protecting cap, the transducer was exposed 

to 360°. The thin glass transducer was later protected by light protecting cage made out of 

curved paper clip rods (see detail 1, figure 6) . The resulting omnidirectional anemometer was 

then tested to chek the possible discrepency of reading according to the direction of wind flow 

in a wind tunnel. 
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Ua Vfront Vright .M/rt Vrear ~f/rr Vleft ~f/1 V (rt,rr,I) M!Vrt,rr,I 
(m/s) (V) (V) (V) (V) (V) (%) 
0,5 0,286 0,254 11 0,270 6 0,281 2 0,268 6 
0,7 0,328 0,295 10 0,327 0 0,329 0 0,317 3 
1,0 0,384 0,375 2 0,379 1 0,367 4 0,374 3 
1,4 0,448 0,438 2 0,444 1 0,448 0 0,443 1 
1,8 0,489 0,470 4 0,485 1 0,493 1 0,483 1 
2,8 0,598 0,585 2 0,579 3 0,588 2 0,584 2 
3,3 0,658 0,633 4 0,625 5 0,646 2 0,635 4 
4, 1 0, 710 0,668 6 0,684 4 0,694 2 0,682 4 
4,5 0,740 0,724 2 0,718 3 0,723 2 0,722 2 
5,0 0 767 0,745 3 0,735 4 0,750 2 0,743 3 

5 3 2 3 

Figure 3 Table of the variation of recorded headset voltage in function of direction of the air 
movement. '· · 

The last column of this table indicates the relative discrepancy in percentage (~FNrt,rr,I) 

between the outputted voltage from the calibrated frontal direction (Vfront) to three other 

directions: lateral right, rear, and lateral left. Apart from a 10% discrepancy for a lateral right 

exposure at low wind speeds, a 3% average discrepancy was found to be acceptable. Figure 4 

shows the graph of the air movement measured in m/s in function of the average value of the 

corresponding outputted voltages. 

i -C 
Cl) 

E 
CII 
> 
0 
E 

5-.--- - ---.------~------r--------, 

y= -8, 622e-4+0,10376x+5,0981x"2+4,6817 3 

4 ·---·---1------+------t----r~--t 

0,0 0,2 0,4 0,6 0,8 

Outputted Voltage (mV) TA-2-15 

Figure 4 Graph of the ambient air speed in function of the recorded 
headset voltage. 

Regression of the data produces an equation to calculate the ambient air movement (Ua) from 

the recorded voltage at the headset probe (VH) as follows: 

Ua = 0,022+0, 10376VH+5,0981 VH2+4,6817VH3 
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llluminance 

Three silicon photodiodes type BPW 34 from Siemens are fitted to the upper part of the 
headset to avoid any physical obstruction. The photodiodes are placed at angle to cover a wide 
range of the vertical visual field (see detail 2, figure 6). Figure 5 shows the outputted circuit 
voltage of these pins according to illuminance levels in LUX provided by the manufacturer. 

y = ,6635e-2 * 1 CY'(12,02 x) 

-X 
::::, 

6000 .J -Cl) 
CJ 
C: 
CU 
C: 

4000 ·e 
:::, 

2000 

0 ~--c-ol;lllll~IIIIIIIICl,-==------+-------1 
0,2 0,3 0,4 0,5 

Circuit Voltage (V) BPW34 

Figure 5 Graph of the illuminance level in function of the recorded photocells voltage. 

Regression of the data produces an equation for determining the ambient illuminance (la) from · 
the recorded DC voltage at the headset photocell (VH) as follows: 

la =0,02426 * 1012,02VH 

Micrologger setting 

The Squirrel type 1200 from Grant Instrument provides the necessary input channels for three 
temperature channels , four DC voltage channels and one Humidity channel. The range of the 
channels were ·set as following: 

Function 5-set range 
5.1 1 :150°C 
5.2 1 :150°C 
5.3 1:150°C 
5.4 not set 
5.5 -2 to 2V 
5.6 -2 to 2V 
5.7 -2 to 2V 
5.8 -2 to 2V 
5.9 0-100% 
5.1 O not set 

Function 7-set mode 
7.1 int 

Function 8-set interval 
8.1 log 
8.2 0 :00:05 
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The frame is made of a sleep-time 
type of headset. It is split at the 
hinge to install the photocells 
mounted on a plexiglass support. 
All sensors are attached using 
slidingplastic attaches. All wires 
are gathered in soft plastic sleeves 
on both sides. An aluminium foil 
is wrapped and glued over the 
ambient temperature probe. 

0 

" T"" 

10 

RIGHT 

' 

Ambient 
temperature 
probe 

\~ 

Globe 
temperature 
probe 

Directional 
protective cap 
cut here --~llU..I. 

Mobile shield 
glued In slallc 
position 

Top end fixed 
to reused top ---z•!::11---
part of original 
cap. 

y trombones 
Bottom end 
fixed to now 
static shield. 

original transducer 
I 

modified ransd~er 

1. Section of the omnidirectional anemometer. 

; 
; 

I 
Photocells 

I 
FRONT 

I 

r 
160 

TOP 

Omnidirectional 
anemometer 

temperature 
probe LEFT 

LATERA1.. /LATERAL 
I 

Plastic support as 
provided by globe Aluminium hemisphere 

moulded on wood shape 
and sealed on support 

Photocells soldjif 
on an etectrq,piic 
circuit support. 
Support glued / , 
to the acrylic frame. ,(,;;. I .?1' 

;·~' 
/ ' , ·=t7;.:· . 

2. Photocells arrangement in plan. 

Al:~ic frame 

Reversed and pertorated 
hearing part of the original 
headset to accommodate 
passage of sensor 

Bead glued 
to globe 

Polystyrene and aluminium 
foil glued to support 

3. Section of a globe temperature probe. 

Figure 6 Construction details of the portable array. 
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!==I ======:' I I TIME I. 
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I 
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I--

I-

I I 

V 
Refers to position in plan 
and on comfort graphs 

v~ 
VSky condition during survey 

S=sunny 

I 

V C=cloudy ,. 
- - V=variable 

H=hazy 

_ L/Exposure to solar radiation 
V D=direct Rn=radiation near 

/ S=shade Rf =radiation far 

' 

/ Refers to photocell number for daylight 
/ calculation 
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I / 

5=1eft 
6=front 

'-----'-7-=-"-'ri~ah'-'-'t~'--1 __ .L/ ___ J...-.1 ____ ---' 

LOG TIME 

///~ 
, :r 

z -Q > 
I- -cii >-U 
0 :,,:
c.. (/JU) COMMENTS 

-

Direction of wind exposure 
F=frontal 
t::'-'10:::11 I 
3=right 
B=back 

I 

I 

I 

I 

-

-

I 
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Appendix C3-Questionnaire 

The arcade environment 
Arcade: _________________ _ 

Shop : ________ _ Retail: _______ _ 

1. Personal questionnaire (Note: Personal details will be treated in confidence) 

Sex: ____ _ Age: ___ _ 

Title: Owner Employee 

If owner, why have you chosen to rent a space in an arcade? 

How long have you been working in this shop? ___ years ---
2. Shop-general 
a) Is your shop air-conditioned? b) Is your shop heated? 

Yes 
No 

Yes 
No 

months 

If yes, by which mean? If yes ,by which mean? ______ _ 
c) Please rank the following factors from 1 to 6 in order of how much they affect your 

satisfaction of your working environment; number 1 being the most important one: 
Air pollution 
Air movement 
Air temperature 
Natural daylight 
Noise level 
Work stress 
Other (please specify) 

3. Seasonal satisfaction -Shop-
a) During the WINTER in your shop: 

i) Are the thermal conditions satisfactory overall? 
Yes 
No 
If no, about how often are conditions unsatisfactory? 
Too cold: Never Once a day Once a week 
Too hot: Never Once a day Once a week 

Once a month 
Once a month 

ii) Is there any time when you feel particularly uncomfortable? 
Yes 
No 
If yes, please specify: __________ _ 

iii) Are the clients complaining about thermal conditions? 
Yes 
No 
If yes, about how often are they complaining about unsatisfactory conditions? Too cold: Never Once a day Once a week Once a month Too hot: Never Once a day Once a week Once a month 

iv) How are the overall thermal conditions of the other spaces of your shop? 
Cellar: Irrelevant Too hot Just right Too cold 
First floor: Irrelevant Too hot Just right Too cold 
Other: Irrelevant Too hot Just right Too cold 

218 



AppendixC 

b) During the SUMMER in your shop: 
i) Are the thermal conditions satisfactory overall? 

Yes 
No 
If no, about how often are conditions unsatisfactory? 
Too cold: Never Once a day Once a week 
Too hot: Never Once a day Once a week 

ii) Is there any time when you feel particularly uncomfortable? 
Yes 
No 
If yes, please specify: __________ _ 

iii) Are the clients complaining about thermal conditions? 
Yes 
No 

Once a month 
Once a month 

If yes, about how often are they complaining about unsatisfactory conditions? 
Too cold: Never Once a day Once a week ·Once.a month 
Too hot: Never Once a day Once a week Once a month 

iv) How are the overall thermal conditions of the other spaces of your shop? · 
Cellar: Irrelevant Too hot Just right Too cold 
First floor: Irrelevant Too hot Just right Too cold 
Other: Irrelevant Too hot Just right Too cold 

c) During the SPRING/FALL in your shop: 
i) Are the thermal conditions satisfactory overall? 

Yes 
No 

ii) If no, about how often are conditions unsatisfactory? 
Too cold: Never Once a day Once a week 
Too hot: Never Once a day Once a week 

ii) Is there any time when you feel particularly uncomfortable? 
·Yes 
No 
If yes, please specify: _ _ ______ _ 

iii) Are the clients complaining about thermal conditions? 
Yes 
No 

Once a month 
Once a month 

If yes, about how often are they complaining about unsatisfactory conditions? 
Too cold:. Never Once a day Once a week Once a month 
Too hot: Never Once a day Once a week Once a month 

iv) How are the overall thermal conditions of the other spaces of your shop? 
Cellar: Irrelevant Too hot Just right Too cold 
First floor : Irrelevant Too hot Just right Too cold 
Other: Irrelevant Too hot Just right Too cold 

4. Seasonal satisfaction -mall space-
a) During WINTER in the mall: 

i) Are the thermal conditions satisfactory overall? 
Yes 
No 

ii) About how often are conditions unsatisfactory? 
Too cold: Never Once a day Once a week Once a month 
Too hot: Never Once a day Once a week Once a month 

iii) How would you characterize the thermal conditions of the mall compared with the 
street ones? 

colder cooler slightly cooler neutral slightly warmer warmer hotter 
iv) Is there any time when you feel particularly uncomfortable? 

Yes 
No 
If yes, please specify: ________ _ 
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v) Are the clients complaining about thermal conditions? 
Yes 
No 
If yes, about how often are they complaining about unsatisfactory conditions? 
Too cold: Never Once a day Once a week Once a month 
Too hot: Never Once a day Once a week Once a month 

b) During SUMMER in the mall: 
i) Are the thermal conditions satisfactory overall? 

Yes 
No 

ii) About how often are conditions unsatisfactory? 
Too cold: Never Once a day Once a week Once a month 
Too hot: Never Once a day Once a week Once a month 

iii) How would you characterize the thermal conditions of the mall compared with the 
exterior ones? · · · 

colder cooler slightly cooler neutral slightly warmer warmer hotter 
iv) Is there any time when you feel particularly uncomfortable? 

Yes 
No 
If yes, please specify: ________ _ 

v) Are the clients complaining about thermal conditions? 
Yes 
No 
If yes, about how often are they complaining about unsatisfactory conditions? 
Too cold: Never Once a day Once a week Once a month 
Too hot: Never Once a day Once a week Once a month 

c) During SPRING/FALL in the mall: 
i) Are the thermal conditions satisfactory overall? 

Yes 
No 

ii) About how often are conditions unsatisfactory? 
Too cold: Never Once a day Once a week Once a month 
Too hot: Never Once a day Once a week Once a month 

iii) How would you characterize the thermal conditions of the mall compared with the 
street ones? 

colder cooler slightly cooler neutral slightly warmer warmer hotter 
iv) Is there any time when you feel particularly uncomfortable? 

Yes 
No 
If yes, please specify: ________ _ 

v) Are the clients complaining about thermal conditions? 
Yes 
No 
If yes, about how often are they complaining about unsatisfactory conditions? 
Too cold: Never Once a day Once a week Once a month 
Too hot: Never Once a day Once a week Once a month 

5. Control over thermal environment 
a) If the conditions are unsatisfactory, what opportunity do you have to improve your 

feeling of comfort through the following actions? 
i) Move to different position ii) Window adjustements 
Yes Yes 
No No 
iv) Shading adjustment v) Heating/cooling control 
Yes Yes 

iii) Fan adjustements 
Yes 
No 

vi) Clothing level 
Yes 

2'2() 

I 
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No 

vii) Other 
Yes 
No 

No 

If yes, please specify: __________ _ 

No 

b) Do you feel free to wear clothes to work which you are the most comfortable in? 
Complete freedom 
Some freedom 
No freedom 

c) Are there spaces which you make more or less use depending on the time of the year? 
Yes 
No 
If yes, please specify: __________ _ 

6. What is your overall opinion of the the building in which you work? 
Shop: Mall: 
Very good Very good 
Good Good 
Adequate Adequate 
Bad Bad 
Very bad Very bad 

7. General 

a) Do you have any suggestion about how to make your workspace more comfortable? 

b) What would you consider the best advantage of the shopping arcades? 

c) What would you consider the worst disadvantage of the shopping arcades? 
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Appendix D1-Summary table of the arcades dimensional survey 

DIMENTIONAL VARIABLES SURFACE VARIABLES RATIOS Main space Passages Closed envelop Open envelop Orier Hgt Wth Lht Hht Vol Wth Lht Hht Vol Lht Vol Glazed Glazed Parent street roof roof Op'ing G/E 0/E ON min max H/W tot tot tot total tot total roof bdg tot total (/180° (fir (m) (m) (m) (m) (m3) (m3) (m) (m) (m) (m3) (m3) (m) (m3) (m2) (m2) (m2) (%) (m2) (m2) (m2) (m2) (%) (m2) (%) (%) (X10E4) LUNUUN 

Burlington 147 2 4 ,0 168 6,3 8, 1 1,6 4838 4838 5,0 10 6,1 305 305 178 5143 3853 521 521 67 2339 30,5 61,1 3,4 0, 1 65 13,5 1,7 3,3 2;0 6,8 0 4,5 0 30,6 

Royal 57 3 4, 1 30,0 10,0 11,5 2,4 1322 1322 3,8 4,5 4,3 74 157 39 1480 1052 128 128 90 751 16,3 35,0 0,0 0,0 35 12,2 3,3 22,5 
3,8 4,5 4,9 84 18,6 

Leadenhall 106 2 9,1 80 8,9 13,7 1,0 8226 9975 9,1 0 8,9 0 0 80 9975 4194 1115 1115 88 1768 81 ,0 324,0 224,4 5,4 548 26,6 13,1 13,1 
9,1 0 8,9 0 81,0 

9,1 17 8,9 13,7 1,0 1748 9,1 0 8,9 0 17 81,0 
9,1 0 8,9 0 81,0 

Covent Garde 53 2 16,2 66 6,1 12,8 0,4 10104 10104 16,2 0 9,1 0 509 75 10613 3947 1018 1018 67 1144 147,4 207,4 582,6 14,8 790 25,8 20,0 18,9 Halls 16,2 8,5 3,7 509 59,9 

Central Avenu 53 4,9 66 6,1 9,7 1,2 2555 2555 4,9 3 3,7 54 109 72 2664 1730 188 188 50 994 18,1 36,3 232,0 13,4 268 10,9 15,5 58,2 4,9 3 3,7 54 18,1 

Quadrant 9 2 4,0 45 8,2 8,2 2,1 1476 1476 4,2 0 3,5 0 0 45 1476 1127 0 0 0 738 14,7 29,4 0,0 0,0 29 0,0 2,6 17,7 4,2 0 3,5 0 14,7 

Royal Opera 151 1 3,8 78 5,3 5,3 1,4 1571 1571 2,6 0 4,7 0 0 78 1819 1601 65 65 14 983 12,2 24,4 3,6 0,2 28 4,0 1,8 9,6 
2,6 0 4,7 0 12,2 

Piccadilly 151 2 4,2 49 7,1 7,1 1,7 1461 1461 4,2 0 5,8 0 0 49 1461 1158 39 39 12 696 24,4 50,8 0,0 0,0 51 3,3 4,4 30,0 
4,2 0 6,3 0 26,5 

Princes 152 2 3,7 15 6,9 6,9 1,9 383 577 2,8 8 3,5 78 176 48 754 780 0 0 0 650 9,8 19,6 0,0 0,0 20 0,0 2,5 33,3 3,7 15 3,5 3,5 0,9 194 2,8 10 3,5 98 9,8 

CARDIFF 
Duke St. 151 2 3,4 32,5 7,3 10,0 2, 1 956 956 3,6 11 ,5 3,5 145 217 51 1172 1019 151 151 96 738 12,6 12,6 19,7 1,9 32 14,8 3,2 27,0 

3,2 7 3,2 72 

High St. 62 2 3,7 82 7 9,5 1,9 2503 2503 3,8 12 4,4 201 385 105 2888 2215 353 353 100 1525 16,7 :· 33,4 41,0 1,9 74 15,9 3,4 11,6 
3,8 11 4,4 184 16,7 

Castle 69 3 4,3 39 11,5 13,4 2,7 2088 4616 3,5 14 4,0 196 346 126 4962 3302 195 469 100 2504 14,0 27,7 107,0 3,2 135 14,2 4,1 8,2 171 3 4,3 28 11,5 13,4 2,7 1499 140 0,0 171 2 3,4 34 8 9,8 2,4 1029 3,6 11 3,8 150 134 13,7 
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Royal I 561 21 3,6 111 7 8,6 1,9 I 3117 3117 I 3,6 8,5 3,9 119 335 135 3452 2908 571 571 100 1910 14,0 28,4 33,0 1, 1 I 61 I 19,6 2,1 6,1 
3,6 15 4,0 216 14,4 

Morgan I 561 21 3,4 85 7,6 9,6 2,212485 339213,4 11 ,5 4,3 168 1280 205 4672 3693 336 459 100 3007 14,6 60,9 103,5 2,8 I 164 112,4 4,5 9,5 3,4 31 7,6 9,6 2,2 906 3,8 25 3,8 361 123 14,4 
3,0 . 0 5,8 0 17,4 
3,8 52 3,8 751 14,4 

Oxford I 6511 I 5,6 116 3,4 3,4 0.61 _2209 22091 5,6 0 3,4 0 0 116 2209 2126 56 56 9 789 19,0 38,1 o.o 0,0 I 38 I 2,6 1,8 8,1 
5,6 0 3,4 0 19,0 

651 21 

. I I 
CAMBRIDGE I 
Lion Yard 5,5 43 8,5 10,5 1,5, 2247 7557, 5,5 14,5 3,4 , 271 390 I 123, 7947138791 275 

9251 100 12392118,7 52,6 16,6 0,4 I 69 I 23,8 1,8 2,2 2 19 19 8,5 10,5 0,4 3430 3,5 10 3,4 119 420 . 11 ,9 
1551 21 5,5 36 8,5 10,5 1,5 1881 5,5 0 4,0 0 230 22,0 

Notes: 
Italics correspond to averaged or estimated values due to difficulty of direct measurement. 
For volume calculation of the main space, the shape of th roof is approximated to 0°. 30° or 45°. 
Total volume includes main space and entrance passages. 
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Appendix D2-Sorted dimensional data. 

Orientation Height Far;:ade Hht Ridge Hht Width Lenght 
(/180°} (fir) (m) (m) (m) (m) 

1 Qu* 9 Ox* 1 Ox* 3,4 Ox* 3,4 Mo 3,4 RI 39 
2 Cgee 53 Ro 2 Ro 5,3 Ro 5,3 Ds 3,4 Qu* 45 
3 Cgh 53 Qu* 2 Cgee 6, 1 Pi* 7, 1 Re 3,6 Pi* 49 
4 Mo 56 Cgee 2 Cgh 6,1 Bu 8, 1 Hs 3,7 Ds 51 
5 Re 56 Cgh 2 Bu 6,3 Qu* 8,2 Ro 3,8 Cgee 72 
6 RI 57 Mo 2 Re 7,0 Re 8,6 Bu 4,0 Cgh 75 
7 Hs 62 Re 2 Hs 7,0 Hs 9,5 Qu* 4,0 Ro 78 
8 Ox* 65 Hs 2 Pi* 7,1 Mo 9,6 RI 4,1 Le 97 
9 Ly 95 Ly 2 Ds 7,3 Cgee 9,7 Pi* 4,2 Hs 105 

10 Le 106 Le 2 Mo 7,6 Ds 10,0 Ca 4,3 Ox* 116 
' · 

Ly 11 Ca 127 Bu 2 Qu* 8,2 Ly 10,5 Cgee 4,9 123 
12 Bu 147 Ds 2 Ly 8,5 RI 11,5 Ly 5,5 Ca 126 
13 Ro 151 Pi* 2 Le 8,9 Ca 12,2 Ox* 5,6 Re 135 
14 Ds 151 RI 3 RI 10,0 Cgh 12,8 Le 9, 1 Bu 178 
15 Pi* 151 Ca 3 Ca 10,3 Le 13,7 Cgh 16,2 Mo 205 

Comparative tables of orientation, height (stories, ridge and fa<;ade), width and lenght. 

FH/W RH/W Volume Envelop Glazed roof 
(m3} (m2} (%) 

1 Cgh 0,4 Ox* 0,6 Ds 1172 Ds 1019 Qu* 0 
2 Ox* 0,6 Cgh 0,8 Pi* 1461 RI 1052 Ox* 9 
3 Le 1,0 Ro 1,4 Qu* 1476 Qu* 1127 Pi* 12 
4 Cgee 1,2 Le 1,5 RI 1480 Pi* 1158 Ro 14 
5 Ro 1,4 Pi* 1,7 Ro 1819 Ro 1601 Cgee 50 
6 Ly 1,5 Ly 1,9 Ox* 2209 Cgee 1730 Bu 67 
7 Bu 1,6 Cgee 2,0 Cgee 2664 Ox* 2126 Cgh 67 
8 Pi* 1,7 Bu 2,0 Hs 2888 Hs 2215 Le 88 
9 Hs 1,9 Qu* 2, 1 Re 3452 Re 2908 RI 90 

10 Re 1,9 Re 2,4 Mo 4672 Ca 3302 Ds 96 
11 Qu* 2, 1 Hs 2,6 Ca 4962 Mo 3693 Hs 100 
12 Ds 2, 1 RI 2,8 Bu 5143 Bu 3853 Re 100 
13 Mo 2,2 Mo 2,8 Ly 7947 Ly 3879 Ca 100 
14 Ca 2,4 Ca 2,8 Le 9975 Cgh 3947 Mo 100 
15 RI 2,4 Ds 2,9 Cgh 10613 Le 4194 Ly 100 

Comparative tables of height to width ratio, volume, envelop surface, and roof glazing. 

0/E ON G/HW 
· (%) (x10E-4) 

1 Bu 1,7 Ly 2,2 Qu* 0,0 
2 Ro 1,8 Bu 3,3 Pi* 7,1 
3 Ly 1,8 Re 6,1 Ro 10,0 
4 Ox* 1,8 Ox* 8,1 Ox* 14,8 
5 Re 2, 1 Ca 8,2 RI 36,9 
6 Qu* 2,6 Mo 9,5 Cgee 40,2 
7 os· 3,2 Ro 9,6 Ca 41,7 
8 RI 3,3 Hs 11,6 Bu 42,5 
9 Hs 3,4 Le 13, 1 Ds 44,7 

10 Ca 4,1 Qu* 17,7 Mo 44,7 
11 Pi* 4,4 Cgh 18,9 Re 51,4 
12 Mo 4,5 RI 22 ,5 Hs 52,9 
13 Le 13, 1 Ds 27,0 Ly 64,7 
14 Cgee 15,5 Pi* 30,0 Le 90,0 
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Appendix E1-Summary table of arcades surveys in winter. 

TEMPERATURE AIR MOVEMENT ILLUMINANCE Arcade Date Time Sky lnt. Ext.A .Ext.B mear 6.Tst 1Hamb t.To~ lnt. Ext.A Ext.B t.U t.U lnt. Ext.A Ext.B t.L t.L amb op amb op amb op amb mear (m/s) (%) mean (LUX) (%) 
Burlington 13/1/96 930 C 14,0 14,4 13,2 12,8 13,0 0,4 1,0 1,4 0,54 1,47 0,47 1,0 -0,4 -44 1,74 11 ,10 5,64 8,4 -6,6 -79 

1302 C 17,7 14,1 13,9 14,0 0,2 3,7 0,24 2,10 0,96 1,5 -1 ,3 -84 1,71 10,09 10,84 10,5 -8,8 -84 10/2196 1404 s 14,8 12,2 11,4 11,9 11,8 0,8 3,0 2,8 0,45 1,74 1,36 1,6 -1, 1 -71 2,33 9,97 34,08 22,0 -19,7 -89 
3,4 -78 -87 Royal 13/1/96 953 C 13,6 13,6 12,2 12,9 1,4 0,7 0,32 1,33 1,47 1,4 -1,1 -77 0,89 4,28 7,73 6,0 -5,1 -85 

1 322 V 14,9 13,5 14,1 13,8 1,1 0,31 0,95 0,67 0,8 -0,5 -62 1,38 16,98 13,86 15,4 -14,0 -91 10/2/96 1 417 s 12,6 11,7 12,8 11,4 12,1 11,6 0,3 1,1 0,2 0,38 1,36 3,68 2,5 -2, 1 -85 2,81 13,49 16,65 15,1 -12,3 -81 
1,1 -73 -86 Leadenhall 10/2196 1119 H 10, 1 9,6 8,8 9,4 9,2 0,8 0,9 0,6 0,90 1,53 1,59 1,6 -0,7 -42 3,33 20,04 23,80 21,9 -18,6 -85 

Cvt Gdn S-Hall 10/2/96 1 001 C 9,7 9,2 9, 1 9,2 0, 1 0,6 0,71 0,89 1,56 1,2 -0,5 -42 4,67 19,69 21,71 20.7 -16,0 -77 
1 242 C 11,3 10,4 10,2 10,3 1,0 1,0 0,45 0,70 1,74 1,2 -0,8 -63 5,14 16,69 26.41 21 ,6 -16,4 -76 N-Hall 10/2/96 1012 C 9,7 9,3 9,5 9,3 9,4 -0,2 0,3 0,4 0,81 0,92 1,53 1,2 -0,4 -34 6,74 34,94 41 ,35 38,1 -31,4 -82 
1 256 C 11,5 11,3 10,8 12,2 11, 1 0,4 0,4 -0,3 0,47 1, 15 1,60 1,4 -0,9 -66 9,05 41,98 58,32 50,2 -41 ,1 -82 CtlAve 10/2/96 1 007 C 9,9 9,2 9,5 9,3 9,4 -0,3 0,6 0,7 0,46 0,89 1,53 1,2 -0,8 -62 4,01 19,69 41,35 30,5 -26,5 -87 
1248 H 11,6 10,4 12,2 10,8 12,2 10,6 -0,4 1,0 -0,6 0,28 0,70 1,60 1,2 -0,9 -76 3,00 16,69 58,32 37,5 -34,5 -92 

Quadrant 13/1/96 1100 C 17,1 14,5 14,0 14,3 0,5 2,9 0,28 0,37 1,17 0,8 -0,5 -64 1,54 13,91 8,56 11 ,2 -9,7 -86 
1 438 C 17,5 14,2 14,5 14,4 -0,3 3,2 0,23 0,99 0,80 0,9 -0,7 -74 1,61 5,95 5,62 5,8 -4,2 -72 

10/2/96 1345 s 15, 1 12, 1 13, 1 10,7 11,4 1,4 3,7 3,2 0,10 1, 17 0,24 0,7 -0,6 -86 1,92 34,86 17, 75 26,3 -24,4 -93 
3,4 -80 -82 Royal Opera 13/1/96 1 035 C 15,8 12,3 12,1 12,2 0,2 3,6 0,15 1,60 0,86 1,2 -1 ,1 -88 1,49 18,31 8,18 13,2 -11 ,8 -89 

1 411 C 15,7 12,0 13,5 12,8 -1,5 3,0 0,85 6,74 18,73 12,7 -11 ,9 -93 

Piccadilly 13/1 /96 1 013 C 15,0 13,1 14,3 13,7 -1,2 1,3 0,81 0,60 0,91 0,8 0,1 7 2,48 6,09 10,21 8,2 -5,7 -70 
1 347 C 14,0 14,2 14,5 14,4 -0,3 -0,4 1,17 0,93 0,72 0,8 0,3 42 1,03 6,81 6,47 6,6 -5,6 -84 

10/2/96 1 423 s 14, 1 11,6 11,6 11,6 0,0 2,5 0,43 1,50 0,77 1,1 -0,7 -62 2,07 10,33 20,56 15,4 -13,4 -87 
1,1 

Princes 10/2/96 1428 s 13,9 11,6 12,4 12,0 -0,8 1,9 0,36 1,50 0,82 1,2 -0,8 -69 1,76 10,33 17,46 13,9 -12, 1 -87 

Duke St 24/1/96 1 015 C 5,0 3,7 3,7 1,3 1,27 1,17 1,2 0,1 9 
.. 

2,74 6,97 7,0 -4,2 -61 
1 342 C 6,9 4,5 4,5 2,4 1,30 1,52 1,5 -0,2 -14 2,12 7,62 7,6 -5 ,5 -72 

2611/96 1 247 s 3,6 0,8 1,9 0,8 2,8 2,7 0,76 2,92 2,9 -2,2 , -74 · 7,33 46,08 46, 1 -38,8 -84 
2,6 -44 -78 High St 24/1/96 1 034 C 6,9 4,3 4,0 4,2 0,3 2,8 0,38 1,08 1,04 1,1 -0,7 -64 3,26 4,58 8,39 6,5 -3,2 -50 

1 329 C 8,2 4,5 4,8 4,7 -0,3 3,6 0,27 1,59 1,67 1,6 -1,4 -83 2,45 6,51 8,10 7,3 -4,9 -66 
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Castle 

Royal 

Morgan 

Oxford 

Lion Yard 

a,--s,-o,,1 
Market 

Grafton Centre 

Averages: 

25/119611 2481 C 
26/ 1/96 1 243 S 

24/1/961 935 C 
1 304 C 

25/1/9611 243 C 
26/1196 1 237 S 

25/1/961 915 C 
1 355 C 

25/119611 310 C 
26/1196 1 321 S 

25/1 /96 I 944 C 
1 334 C 

25/1/9611 316 C 
26/1/96 1 330 S 

2511196 I 1 3061 c 
26/ 1/96 I 1 314 s 

16/1/96 925 H 

1 322 S 
21/1/96 1 259 C 
22/1/96 1 324 H 
8/2/96 1 417 S 

25/119611 2561 C 
2611196 1 302 S 

25/119611 3271 C 
26/1196 1 353 S 

812/96 I 1 445 I S 

4,7 
4,7 

7,2 
7,3 

3,3 
4, 1 

5,1 
4,6 

4,6 
6,2 

3,4 
3,1 

3,3 
3,8 

6,5 
6,2 

9,8 
13,0 
8,8 

12,8 
11,7 

13,5 
13,0 

10,0 
9,4 

21, 1 

amb 9,7 
op 14,0 14,4 

-0,4 

w 
1,5 

~ 

~ 
~3 ~8 
Q8 ~9 

~o 
1~ 

Q6 
22 

1,5 
2,5 
1, 1 

2,2 

0,7 
1,9 

1,9 
3,2 

3,5 

1, 1 
1,9 

2.0 11,21 0,2 1 3,5 
3,9 1,7 -0,4 3,0 

3,3 
3,0 3,0 -0, 1 4,3 
3,6 3,5 ·0,2 3,8 

0,7 1,0 0,6 2,3 
1,5 2,2 1,2 -0,7 3,0 

3,0 
0,7 1,4 1,3 3,8 
0,2 0,9 1,3 3,8 

1, 1 1,9 0,9 ·0,5 3,8 
1,7 3,3 2,0 0,5 4,3 

1,3 
0,6 

0,6 
0,9 

0,6 
1,2 

3,9 
1,4 0,2 2,0 

0,91 1,6 1,9 1,6 
0,9 0,5 2,5 
1,6 1,3 2,2 

2,1 

1,8 I 0,71 0, 1 I 5,9 
1,6 0,7 4,7 

3, 1 ' 0,60 1,83 3,37 2,6 -2,0 -77 
2,0 0,39 4,68 2, 17 3,4 -3,0 -89 
2,5 -83 

0,50 1,36 2,08 1,7 -1,2 -71 
0,52 3,36 3,37 3,4 -2,8 -85 

2, 1 0,80 1,83 3,52 2,7 -1 ,9 -70 
2, 1 0,63 2,92 4,68 3,8 -3,2 -83 
2,1 -79 

0,65 2,69 3, 11 2,9 -2,3 -78 
0,60 2,29 5,39 3,8 -3,2 -84 

3,4 1,29 2,76 3,09 2,9 -1 ,6 -56 
3,5 0,45 2,35 3,34 2,8 -2,4 -84 
3,4 -75 

0,94 2,36 1,96 2,2 -1,2 -56 
1,4 0,92 1,51 2,56 2,0 -1,1 -55 
2.1 0,91 3,09 2,32 2,7 -1,8 -66 
1,7 1, 12 2,35 2,76 2,6 -1,4 -56 
1,7 -59 
5,3 0,79 6,76 2,76 4,8 -4,0 -83 
3,9 0,98 4,39 4,62 4,5 -3,5 -78 

5,3 -81 
6,1 8,9 7,5 -2,8 2,3 0,10 0,43 0,33 0,4 -0,3 -74 

11 ,2 11 ,2 9,5 
4,2 3,3 
8,5 7,4 

10, 1 10,4 8, 1 

0,7 
1,4 

1,2 
2,4 

1,4 

1,6 
2,7 

8,3 10,6 

0,7 
1,2 

0,4 
2,0 

7,7 

10,4 1,3 2,7 2,7 0,30 0,70 0,60 0,7 -0,4 -54 
3,51 3,8 0,9 5,1 5,0 0,16 1,81 3,78 2,8 -2,6 -94 
7,7 8,0 1, 1 4,9 4,7 0,31 1,92 2,70 2,3 -2,0 -87 

9, 1 2,0 2,6 2,5 0,43 0,57 0,89 0,7 -0,3 -41 

2.11 0.112,0 
2,3 1,3 2,0 

0,812,0 
3, 1 I 2.2 2.0 

3,8 3,7 -69 

12,8 
11,7 

9,2 
7,2 

11,81 0,84 
11,2 0,80 

9.0 I o.44 
6,5 0,63 

3,98 
3,39 

1,87 
1,95 

6,761 5,41-4,5 
4,62 4,0 -3,2 

5, 141 3,51 ·3, 1 
2,04 2,0 -1,4 

-84 
-80 

-87 
-68 

8.718,0l 2,0I 13,1 111,51 0,801 2,57 1,4712,0l-1,21 -60 

7,2 0,3 0,58 1,90 -1,32 : -63 
6,3 7,2 5,6 6,4 

2,5 
2,7 2,2 

0,4 -0,9 -0,8 
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11,80 30,80 40,84 35,8 -24,0 -67 
8, 19 46,60 61 ,65 54, 1 -45,9 -85 

-73 
2,56 3,80 5,29 4,5 -2,0 -44 
2,71 8,54 13,58 11, 1 -8,4 -75 

8,75 30,80 10,30 20,6 -11,8 -57 
7,24 46,08 46,60 46,3 -39, 1 -84 

-72 
2,42 4,75 8,68 6,7 -4,3 -64 
6,38 25,47 37,08 31 ,3 -24,9 -80 

7,68 45,52 42,67 44, 1 -36,4 -83 
13,33 46,47 #### 104,2 -90,9 -87 

-83 
2,25 9,09 9,25 9,2 -6,9 -75 
9,61 26,10 52,98 39,5 -29,9 -76 

7,48 42,67 41,53 42, 1 -34,6 -82 
8,60 46,47 39, 11 42,8 -34,2 -80 

-79 

3,71 I 35.89 45.52 I 40.7 I -37.0 I -91 
2,38 #### 78,98 276,4 -274, 1 -99 

-95 
1,99 6,84 4,19 5,51 -3,5 -64 
3,54 36,79 11,05 23,9 -20,4 -85 
2,25 10,08 18,86 14,5 -12,2 -84 
5,21 17,59 48,20 32,9 -27,7 -84 

3,58 16,95 9,84 13,4 -9,8 -73 

3,851 53,22 35,89 
3,72 40,02 78,98 

4,42132,90 30.14 
5,69 99,48 73,83 

44,61 -40,7 
59,5 -55,8 

31,51 -27, 1 
86, 7 -81,0 

-82 

-91 
-94 

-86 
-93 

2.11 I #### 11,211 96,5 I -94,4 I -98 

4,19 28,86 -24,7 -79 

=' 
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PASSAGES SHOPS 
Arcade ro CiT LUX CiL u CiU · Nb ro CiT LUX u Cs1 door Comments Anecdotes 

(%) (%) tot open 
Burlington 66 2 

1 21 ,3 3,6 4,03 0,17 1 6 
1 20,5 5,7 2,65 0,15 1 

Royal 12,5 13,5 0,1 0,92 0,98 -84 0,54 0,71 -55 14 0 
14,6 14,9 0,9 2,00 1,70 -88 0,86 0,20 -35 1 20,0 5,1 0,56 0,03 1 0 

Leadenhall 

Cvt Gdn S-Hall 

N-Hall 

CtlAve 1 18,9 9,0 2,72 0,26 1 

Quadrant 19 4 New doors on Glasshouse St closed. Loud music destroyes peaceful atmosphere of the arcade. 
1 20,9 3,4 1,82 0,02 1 5 Only 1 table is occupied. 

Royal Opera 22 1 
1 19,8 4,1 0,38 0,00 1 0 

Piccadilly 16 3 
1 23,6 9,6 1,61 0,27 1 16 1 A man stumbled on the steps at Jermyn St entrance. 

Princes 

Duke St 4,4 6,6 1,8 3,38 3,62 -50 1,12 0,40 -35 1 16,0 9,1 1,40 0,00 0 0 ·-
-7,4 4,7 1,6 3,80 2,99 -55 0,57 1,05 -47 2 21,3 14,4 1,90 0,00 1 0 Check T'amb vs wind speed. 

7,6 4,0 3,38 0,18 0 

High St 6,1 5,9 1,9 2,91 1,03 -70 0,89 0,44 -37 4 
7,6 6,2 2,3 0,93 2,54 -76 0,42 0,63 -68 3 19,3 11,1 1,70 0,00 1 0 

~ 
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2,8 4,8 2,6 4,70 3,00 -89 0,70 0,20 ·83 
3, 1 4,6 2,2 5,11 5,43 -90 1,57 0,44 -71 6,6 1,9 6,48 0,28 I 0 

Castle I 4,4 5,3 1,9 2,30 2,71 -45 0,98 0,48 -58 _ 

o.ooj 1 I 2 robody at tables. 
6,2 3,8 1,5 2,36 2,31 -79 0,45 1,39 -73 4 18,0 10,7 0,90 2 Check T°amb vs wind speed. I Cycles in arcade. 

0,9 2,3 0,6 3,49 5,72 -78 2,75 1,43 -22 1 13,2 5,9 0,83 0,09 0 
1,8 2, 1 0,8 5,11 5,21 -89 0,62 0,96 -79 

Royal I 2,5 3,5 1,7 0,85 2,64 -74 0,77 0,73 

-7411 0,0211 135 
81 !"Families in arcade until late '60s. People were born and died here.' 0,7 1,9 0,5 1,54 3,89 -91 2,71 1,55 -45 4 17.0 I 12,41 2,261 Link between bus ans train stations. "Busiest arcade in town wrth best retailing activity due to location 

1,3 3,4 1,5 4,54 3,31 -91 0,58 2,07 -55 1 12,8 8,2 1,78 0.D7 0 between bus and train station.• 
3,9 2,4 1,2 4,81 6,76 -94 0,61 0,86 -74 

Morgan I 2,7 1,6 0,8 3,52 4,00 -59 1,29 3,48 10 

0,0011 126 
2 I Many shops have no heating at all 

1,8 0,8 -0,3 5,30 3,85 -88 1,14 2,20 -18 4 18,8 15,7 3,00 with doors open. 
2, 1 1,9 1,2 6,09 4,24 -88 1,76 3,38 -5 2 15,6 12,5 2,30 0,10 0 Check T' amb vs wind speed. 
2,8 2,2 1,0 5,40 3,85 -89 2, 16 3,65 14 15,2 11,4 6,20 0,09 

I 
Oxford 

Lion Yard I 9,2 1,7 1,74 -68 0,64 68 21 18 
10,8 0,5 1,38 -94 0,60 -8 2 23,4 10,4 1,50 0,40 1 21 Sensitivity convection and occupation. 
5,9 2,2 1,03 -93 0,87 -69 0 Sunday. Doors all closed. Arcade occupied by numerous homeless people with barking dogs. 

11,9 4,0 1,86 -94 0,76 -67 20 Next Monday. Doors all open. People stop whistling when they pass by me. 
9,2 0, 1 1,79 -87 1,00 37 Technology, when suspect, seems to frighten people. 

I 
Queens-St-Davids 

Market 

Grafton Centre . 
5,1 5,0 3,19 3,33 1,07 1,27 NAC 12,0 2,3 2,7 0,1 

5,1 1,4 3,26 -80 1,17 -38 AC 19,9 10,2 2,2 0,1 

~ 
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Appendix E2-Summary table of arcades surveys in autumn. 

TEMPERATURE 
AIR MOVEMENT ILLUMINANCE Arcade Date Time Sky lnt. Ext.A Ext.B mear 6Tst 6Tamb 6To~ _ lnt. Ext.A Ext.B 6U LlU lnt. Ext.A Ext.B 6L 6L amb op amb op amb op amb mear (m/s) {%) mean (LUX) (%) Burlington 21 /10/95 958 s 16,6 13,2 13,0 13,1 0,2 3,5 0,09 0,60 0,80 0,7 -0,61 -87 2,08 19,47 7,60 13,54 -11,5 -85 1 525 C 21 ,2 ' 17,3 18,0 17,7 0,7 3,6 0,17 1,27 0.52 0,9 -0,73 -81 1,39 12,09 14,76 13,43 -12,0 -90 

Royal 21/10/95 1 054 s 15,2 13,3 17,1 15,7 19,2 14,5 2,4 0,7 -3,0 0,31 0,81 0,81 0,8 -0,50 -62 2,59 97,08 123,54 110,31 -107,7 -98 1 605 C 19,2 18,3 17,0 17,7 1,3 1,6 1,07 4,37 6,28 5,33 -4,3 -80 
Leadenhall 14/10/95 958 H/C 17,8 16,0 17,9 17,0 1,9 0,9 0,94 1,34 0,54 0,9 0,00 0 1,38 8,14 8,70 8 ,42 -7,3 -84 1 500 H 21 ,1 21 ,0 21 ,6 21 ,3 0,6 -0,2 0,28 0,34 0,30 0,3 -0,04 -1 2 1,19 11 ,19 8,34 9,77 -7,2 -86 
Cvt Gdn-S Hall 14/10/95 919 H 18,1 16,5 18,3 17,4 1,8 0,7 0,13 0,70 1,24 1,0 -0,84 -87 4,70 18,06 23,72 20,89 -19,0 -80 1 343 H 22,3 22,7 21 ,0 21,3 20,2 20,7 20,6 0,8 1,7 1,7 0,19 0,81 0,58 0,7 -0,51 -73 6,51 38,88 34,16 36,52 -27,7 -81 N Hall 14/10/95 921 H 17,9 16,5 18,3 17,4 1,8 0,5 0,55 0,70 1,24 1,0 -0 ,42 -43 4,45 18,06 23,72 20,89 -19,3 -81 1 339 H 22,6 22,8 21,0 21,3 20,2 20,7 20,6 0,8 2,0 1,8 0,13 0,81 0,58 0,7 -0,57 -81 5,84 38,88 34,16 36,52 -28,3 -83 CtlAve 14/10/95 910 H/C 18,9 16,5 18,3 17,4 1,8 1,5 0,24 0,70 1,24 1,0 -0,73 -75 2,92 18,06 23,72 20,89 -20,8 -88 1 329 H 21 ,4 21 ,0 21,3 20,2 20,7 20,6 0,8 0,8 0,4 0,46 0,81 0,58 0,7 -0,24 -34 3,86 38,88 34,1'6 36.52 -30,3 -89 
Quadrant 21/10/95 937 s 15,1 12, 1 11 ,8 12,0 0,3 3,2 0,32 1,19 0,80 1,0 -0,68 -68 1,44 7,48 11 ,68 9,58 -10,2 -88 1 413 s 19,9 17,5 17,1 17,3 0,4 2,6 1,19 12,28 17,45 14,87 -16,3 -93 
Royal Opera 21/10/95 910 s 14,1 12,4 11,7 12,1 0,7 2,1 0,16 0,59 0,74 0,7 -0,51 -76 1,10 9,07 11 ,28 10,18 -10,2 -90 1 328 s 17,6 17,0 16,2 16,6 0,8 1,0 0,18 1,23 1,26 1,2 -1 ,07 -86 1,32 21 ,03 24,85 22,94 -23,5 -95 
Piccadilly 21/10/95 1 025 s 14,6 12,9 13,8 13,4 0,9 1,3 0,35 0,60 0,69 0,6 -0,30 -46 2,21 7,21 11 ,11 9,16 -8,9 -80 1 447 s 18,9 18,0 17,7 17,9 0,3 1,1 0,46 0,74 0,55 0,6 -0,19 -29 2,03 24,43 26,01 25,22 -24,0 -92 

Duke St 11/10/95 925 C 18,9 18,1 18,1 0,1 0,8 0,08 0,75 0,8 -0,67 -89 1,09 6,62 6,62 -5,5 -84 1 409 C 22,3 21,2 21 ,2 0,6 1,1 0,12 0,91 0,9 -0,79 -87 3,12 22,07 22,07 -19,0 -86 
High St 11/10/95 910 C 18,3 16,2 17,1 16,7 0,9 1,7 0,08 0,53 0,88 0,7 -0,63 -89 1,26 4,27 6,14 5,21 -4,9 -79 1 354 C 21,6 20,1 21 ,4 20,8 1,3 0,9 0,10 0,63 1,08 0,9 -0,76 -88 4,73 19,80 26,67 23,24 -21 ,9 -82 

Castle 11/10/95 850 C 17,5 16,4 15,7 16,1 0,7 1,5 0,17 1,17 1,60 1,4 -1,22 -88 0,93 1,06 4,72 2,89 -3,8 -80 1 310 H/C 21 ,7 20,3 21 ,3 20,8 1,0 0,9 0,19 0,95 0,73 0,8 -0,65 -77 3,52 23,86 19,16 21,51 -15,6 -82 
Royal 11/10/95 1 007 C 20,3 16,7 16,1 16,4 0,6 3,9 0,19 0,69 0,84 0,8 -0,58 -75 1,29 4,69 6,04 5,37 -4,8 -79 1 550 H/C 22,8 19,6 19,9 19,8 0,3 3,1 0,21 1,20 1,55 1,4 -1,17 -85 3,25 19,24 15,61 17,43 -12,4 -79 ij 
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Appendix E2-Summary table of arcades surveys in autumn. 

TEMPERATURE AIR MOVEMENT ILLUMINANCE Arcade Date Time Sky In!. Ext.A Ext.B mear 11.Tst 11.Tamb LI.To~ . lnt. Ext.A Ext.B 11.U 11.U In!. Ext.A Ext.B 11.L 11.L amb op amb op amb op amb mear (m/s) (%) mean (LUX) (%) Burlington 21 /10/95 958 s 16,6 13,2 13,0 13,1 0,2 3,5 0,09 0,60 0,80 0,7 -0,61 -87 2,08 19,47 7,60 13,54 -11 ,5 -85 1 525 C 21,2 17,3 18,0 17,7 0,7 3,6 0,17 1,27 0.52 0,9 -0,73 -81 1,39 12,09 14,76 13,43 -12,0 -90 
Royal 21/10/95 1 054 s 15,2 13,3 17,1 15,7 19,2 14,5 2,4 0,7 -3,0 0,31 0,81 0,81 0,8 -0,50 ·62 2,59 97,08 123,54 110,31 -107,7 -98 1 605 C 19,2 18,3 17,0 17,7 1,3 1,6 1,07 4,37 6,28 5,33 -4,3 -80 
Leadenhall 14/10/95 958 H/C 17,8 16,0 17,9 17,0 1,9 0,9 0,94 1,34 0,54 0,9 0,00 0 1,38 8,14 8,70 8,42 -7,3 -84 1 500 H 21 ,1 21,0 21,6 21 ,3 0,6 -0,2 0,28 0,34 0,30 0,3 ·0,04 -12 1,19 11,19 8,34 9,77 -7,2 ·86 
Cvt Gdn-S Hall 14/10/95 919 H 18,1 16,5 18,3 17,4 1,8 0,7 0,13 0,70 1,24 1,0 ·0,84 -87 4,70 18,06 23,72 20,89 -19,0 -80 1 343 H 22,3 22,7 21,0 21 ,3 20,2 20,7 20,6 0,8 1,7 1,7 0,19 0,81 0,58 0,7 ·0,51 -73 6,51 38,88 34,16 36,52 -27,7 -81 N Hall 14/10/95 921 H 17,9 16,5 18,3 17,4 1,8 0,5 0,55 0,70 1,24 1,0 -0,42 -43 4,45 18,06 23,72 20,89 -19,3 -81 1 339 H 22,6 22,8 21 ,0 21,3 20,2 20,7 20,6 0,8 2,0 1,8 0,13 0,81 0,58 0,7 -0,57 ·81 5,84 38,88 34,16 36,52 ·28,3 ·83 CtlAve 14/10/95 910 H/C 18,9 16,5 18,3 17,4 1,8 1,5 0,24 0,70 1,24 1,0 ·0,73 -75 2,92 18,06 23,72 20,89 -20,8 -88 1 329 H 21 ,4 21,0 21,3 20,2 20,7 20,6 0,8 0,8 0,4 0,46 0,81 0,58 0,7 -0,24 -34 3,86 38,88 34,16 36,52 -30,3 -89 

Quadrant 21/10/95 937 s 15,1 12,1 11 ,8 12,0 0,3 3,2 0,32 1,19 0,80 1,0 ·0,68 -68 1,44 7,48 11 ,68 9,58 -10,2 -88 1 413 s 19,9 17,5 17,1 17,3 0,4 2,6 1,19 12,28 17,45 14 ,87 -16,3 -93 

Royal Opera 21/10/95 910 s 14,1 12,4 11 ,7 12,1 0,7 2,1 0,16 0,59 0,74 0,7 -0,51 -76 1,10 9,07 11,28 10,18 -10,2 -90 1 328 s 17,6 17,0 16,2 16,6 0,8 1,0 0,18 1,23 1,26 1,2 -1,07 -86 1,32 21,03 24,85 22,94 -23,5 .95 

Piccadilly 21/10/95 1 025 s 14,6 12,9 13,8 13,4 0,9 1,3 0,35 0,60 0,69 0,6 -0,30 -46 2,21 7,21 11,11 9,16 ·8,9 -80 1 447 s 18,9 18,0 17,7 17,9 0,3 1,1 0,46 0,74 0,55 0,6 ·0,19 -29 2,03 24,43 26,01 25,22 -24,0 -92 

Duke St 11/10/95 925 C 18,9 18,1 18,1 0,1 0,8 0,08 0,75 0,8 -0,67 -89 1,09 6,62 6,62 -5,5 ·84 1409 C 22,3 21 ,2 21,2 0,6 1,1 0,12 0,91 0,9 -0,79 -87 3,12 22,07 22,07 -19,0 -86 

High St 11/10/95 910 C 18,3 16,2 17,1 16,7 0,9 1,7 0,08 0,53 0,88 0,7 ·0,63 -89 1,26 4,27 6,14 5,21 -4,9 -79 1 354 C 21 ,6 20,1 21 ,4 20,8 1,3 0,9 0,10 0,63 1,08 0,9 ·0,76 -88 4,73 19,80 26,67 23,24 -21 ,9 -82 

Castle 11/10/95 850 C 17,5 16,4 15,7 16,1 0,7 1,5 0,17 1,17 1,60 1,4 ·1,22 -88 0,93 1,06 4,72 2,89 -3,8 -80 1 310 H/C 21,7 20,3 21,3 20,8 1,0 0,9 0,19 0,95 0,73 0,8 -0,65 -77 3,52 23,86 19,16 21,51 -15,6 -82 

Royal 11/10/95 1 007 C 20,3 16,7 16,1 16,4 0,6 3,9 0,19 0,69 0,84 0,8 ·0,58 -75 1,29 4,69 6,04 5,37 -4,8 -79 1 550 H/C 22,8 19,6 19,9 19,8 0,3 3,1 0,21 1,20 1,55 1,4 ·1 , 17 -85 3,25 19,24 15,61 17,43 -12,4 -79 ~ 



Morgan I 11/10/951 945 C 18,5 
1 454 C 22,0 

Lion Yard 116/10/951 910 V 18,7 
1 450 V 22,0 

Averages: amb 19,2 
op 22,3 

~ 

16,4 
21 ,2 

15,5 
22,2 21 ,1 

22,6 18,4 
-0,3 

16,7 

19,5 
-1,2 

16,5 16,5 0,1 
21 ,7 21,5 0,5 

17,6 16,6 2,1 
20,7 21 ,1 20,9 0,4 

17,6 0,9 
19,4 20,5 

-1,1 

2,1 
0,6 

2,2 
1,1 

1,6 
1,4 

1,6 
1,1 

0,6 
0,8 

0,16 
0,14 

0,14 
0,25 

0,24 

0,72 0,91 0,8 -0,66 -80 
0,21 0,54 0,4 -0,24 -63 

0,99 0,28 0,6 -0,50 -78 
0,66 0,85 0,8 -0,51 -67 

0,82 -0,58 -68 
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1,44 7,21 5,19 6,20 -3 81 -72 
4,18 19,60 22,86 21,23 -18,7 -82 

4,79 23,72 9,85 16,79 -511 -51 
3,05 9,66 18,60 14,13 -15,6 -84 

2,66 19,59 -17,31 -83 
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PASSAGES SHOPS 
Arcade T° ,ff LUX t.L u t.U Nb T° t.T LUX u ~SC door Comments Anecdotes 

(%) (%} tot open 
Burlington 

"You shouln't be doing that here. rt is a private property!" 
2 22,2 1,0 3,02 0,14 1 6 "I don1 know, it may look strange to customers; I would prefer not." 

14,2 14,5 -0,2 2,33 2,59 -98 0,08 0,51 -64 0 Check T'amb vs wind exposure. People walk til the extremity of the arcade and come back. 
19,6 18,0 1,2 1,22 1,10 -78 0,08 0,51 #DIV/0! 0 1 and 5 for assymetrical radiation. 

Leadenhall 0 Check T'amb vs wind exposure. 

0 Very dark due to structure. 

Cvt Gdn-S Hall 

N Hall 

Ctl Ave 

3 25,5 4,1 2,01 0,04 1 ? Shops dump warm air into arcade. 1887 sign reminds us that this .space is a private property. 

Quadrant 
shop no.6 "Get out...now!" 

2 22,3 2,4 1,34 1 4 Door on Air St not yet installed. "provide seating area for people .. ." 

Royal Opra 

3 21,8 4,2 1,37 0,08 1 5 

Piccadilly 

2 22,4 3,5 3,58 0,10 1 4 2 shops dump warm air into arcade. 

Duke St 18,4 18,8 0,5 0,33 1,28 -88 0,04 0,15 -87 Light levels include artificial light. 
20,9 22,1 0,3 0,90 1,55 -94 0,04 0,41 -75 3 26,7 4 ,4 0,49 0,05 0 4 "I barely heat the place at winter time" 

The place overheats only when a drought occurs. 
High St 16,1 18,0 0,4 0,60 0,42 -90 0,85 0,19 -26 

22,4 20,3 0,6 1,23 1,13 -95 0,35 0,25 -65 3 25,1 3,5 0,86 0,05 0 14 --
Castle 16,8 16,3 0,5 0,66 0,37 -82 0,57 0,26 -70 

21,0 20,6 0,0 1,38 1,12 -94 0,83 0,16 -41 4 24,0 2,3 0,75 0,05 0 16 

Royal 18,2 17,8 1,6 0,41 0,82 -89 0,72 0,90 6 

~ 
22,0 20,6 1,6 0,62 0,78 -96 0,16 0,24 -85 3 23,5 0,7 0,83 0,05 0 27 
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Morgan I 16,6 19,2 1,5 1,18 1,06 -82 1,27 0,06 -18 Glazed space under showcase admits 20,2 22,0 -0,3 0,81 1,54 -94 0,46 0,21 -11 3 24,5 2,5 1,92 0,05 1 12 light into basement. Match strikers on pilasters. 

Lion Yard I 19,0 2,5 1,15 -93 0,08 -67 Hands frozen after a while. • Are you an environment officer 21 ,8 0,9 0,88 -94- 0,85 13 4 24,7 2,7 1,28 0,08 1 Check T' amb vs wind exposure. or maybe a TV license officer?" 
1 25,7 3,7 0,70 0,09 0 

18,9 18,8 1,07 1,29 0,47 0,36 NA( 25,0 5,8 0,73 0,06 
18,8 0,8 1,18 -91 0,42 #DIV/01 AC 23,3 4,1 2,07 0,07 

ij 
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Appendix E3-Summary table of arcades surveys in summer. 

TEMPERATURE AIR MOVEMENT ILLUMINANCE Arcade Date Time Sky In!. Ext.A Ext.B mear ,Hsi 1'.Tamb 6.To[ lnt. Ext.A Ext.B t,.U 6.U In!. Ext.A Ext.B 6.L 6.L 
amb op amb op amb op amb max. min. mear (m/s) (%) max. min. mean (LUX) (%) 

Burlington 3/8/95 1250 s 32,2 32,4 31,4 34,4 30,1 30,8 1,3 1,5 0,1 0,88 2,98 0,93 1,96 -1,08 -55 2,77 49,43 5,91 27,67 -24,9 -90 

Royal 3/8/95 1 207 s 31 ,0 32,7 35,2 30,3 31,5 2,4 -0,5 -1 ,8 1,14 1,74 2,75 2,25 -1 ,1 1 -49 1,50 27,30 4,19 15,75 -14,2 -90 

Leadenhall 9/6/96 1 239 s 21 ,4 22,6 25,7 18,5 20,6 4,1 0,8 -0,7 0,45 2,48 1,55 2,02 -1 ,57 -78 2,27 102,1 1 14,02 58,07 -55,8 -96 

Cvt Gdn-S Hall 9/6/96 1 402 s 27,1 27,5 24,3 26,4 24,3 26,6 24,3 0,0 2,8 1,0 0,49 1,59 1,16 1,38 -0,89 -64 19,20 82,47 84,40 83,44 -64,2 -77 
N Hall 9/6/96 1 405 s 26,0 26,6 24,3 26,4 24,3 26,6 24,3 0,0 1,7 0,1 0,26 1,59 1,16 1,38 -1 ,12 -81 17,49 82,47 84,40 83,44 -65,9 -79 Ctl ave 9/6/96 1 346 s 25,2 25,4 24,3 26,4 24,3 26,6 24,3 0,0 0,9 -1,1 0,34 1,59 1,16 1,38 -1 ,04 -75 4,66 82,47 84,40 83,44 -78,8 -94 

Quadrant 3/8/95 1120 s 30, 1 32,1 34,5 29,6 30,9 2,5 -0,8 -2,0 0,76 2,65 1,28 1,97 -1,21 -61 0,63 32,46 6,66 19,56 -18,9 -97 
1 629 s 31,0 29,6 32,1 29,6 29,6 0,0 1,4 0,1 0,34 49,11 5,49 27,30 -27,0 -99 

Royal Opera 3/8/95 1 031 s 27,5 30,3 32,5 27,5 28,9 2,8 -1,4 -2,5 0,60 5,10 2,30 3,70 -3,10 -84 0,46 54,90 7,29 31 ,10 -30,6 -99 
1 555 s 29,2 29,2 31 ,5 29,6 31,7 29,4 0,4 -0,2 -2,4 0,42 50,77 55,4_1 53,09 -52,7 -99 

Piccadilly 3/8/95 1 345 s 31, 1 30,5 33,3 30,6 30,6 0,1 0,6 -0,8 1,05 3,04 1,51 2,28 -1,23 -54 0,30 38,37 3,83 21,10 -20,8 -99 

Princes 3/8/95 1416 s 30,6 30,8 33,2 30,4 30,6 0,4 0,0 -1,2 0,76 2,55 0,63 1,59 -0,83 -52 0,23 39,95 4,27 22,1 1 -21 ,9 -99 

Duke St 7/8/95 1 425 V 24,1 24,3 23,7 24,1 23,7 0,4 0,2 0,32 1,19 1,19 -0,87 -73 3,46 29,44 29,44 3,5 -26 
31 /8/95 935 s 21,4 21,9 21,9 -0,5 0,90 0,93 0,93 -0,03 -3 2,78 14,29 14,29 -11 ,5 3 

1 337 s 26,4 24,6 24,6 1,8 0,10 1,59 1,59 -1,49 -94 2,69 23,72 23,72 2,7 -21 
1 602 C 25,9 26,0 26,0 -0,1 0,16 0,77 0,39 -0,23 -58 1,28 18,92 18,92 -17,6 1 

1,1 -83,4 -23,5 
High St 7/8/95 1 425 V 25,0 25,8 22,3 23,2 26,1 24,2 3,8 0,8 1,2 0,31 2,58 2,55 2,57 -2,26 -88 4,08 27,55 15,18 21,37 -23,5 -11 

31 /8/95 935 s 23,1 21,2 22,4 24,4 21,8 1,2 1,3 0,3 0,10 0,88 2,51 1,70 -1,60 -94 3,17 11,50 111,99 61,75 -8,3 -109 
1 250 s 25,7 26,8 25,9 29,3 24,9 25,4 1,0 0,3 -0,3 0,54 1,83 1,38 1,61 -1 ,07 -66 17,32 94,61 28,32 61,47 -77,3 -11 
1 548 C 25,6 25,9 25,1 23,6 24,7 24,4 1,5 1,3 1,0 0,27 0,27 1,01 0,64 -0,37 -58 2,46 7,95 10,35 9,15 -5,5 -8 

14/6196 1328 s 25,0 25,9 26,5 27,8 21,9 24,2 4,6 0,8 1, 1 0,32 1,09 0,68 0,89 ### -64 20,58 77,68 6,34 42,01 -57,1 14 
0,8 0,7 -69,0 · -3,9 

Castle 7/8/95 1 523 V 25,3 25,8 24,5 24,9 23,6 24,1 0,9 1,3 1,6 0,44 0,91 0,97 0,94 -0,50 -53 8,18 22,97 0,91 11 ,94 -14,8 7 
1 721 C 25,1 25,3 23,8 24,2 24,0 24,4 23,9 0,2 1,2 1,0 2,97 16,41 19,41 17,91 -13,4 -16 

31/8/95 824 s 20,1 18,2 18,6 19,4 18,4 0,4 1,7 1,3 0,46 1,33 1,14 1,24 -0,78 -63 1,88 16,76 26,40 21,58 -14,9 -25 
1 145 s 24,4 25,0 25,4 27,2 24,0 24,7 1,4 -0,3 -0,6 0,43 0,59 0,89 0,74 -0,31 -42 8,67 105,90 19,23 62,57 -97,2 -11 

~ 
1 511 V 26,1 26,2 25,9 26,7 25,1 25,5 0,8 0,6 0,3 0,23 0,54 0,93 0,74 -0,51 -69 3,33 21,10 15,45 18,28 -17,8 -12 
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1416/96 I 1 313 I s I 23,8 23,9 I 20,9 21,8 I 20,9 120,9 I o.o I 2,9 2,6 0,62 1,11 1,26 1, 19 ### -48 27,09 20,07 19, 12 19,60 7,0 8 
1,1 0,9 -52,9 -1,9 

Royal I 7/8/951 1 212 V 25,3 25,7 24,5 21,2 22,3 22,9 3,3 2,5 2,3 0,42 0,61 1,97 1,29 -0,87 -67 4,15 31,92 35,33 33,63 -27,8 -31 1 646 C 28,8 26,3 24,1 25,2 2,2 3,6 3,91 12,63 18,53 15,58 -8,7 -15 14/6/96 I 1 414 s 26,4 26,2 26,4 27,7 22,7 24,6 3,7 1,9 1,0 0,45 1,51 0,88 1,20 ### -62 21,20 #### 14,42 61,53 -87,4 7 
2,2 1,7 -64,9 -12,2 

Morgan I 7/8/951 1 255 V 24,7 25,0 25,6 26,8 23,0 24,3 2,6 0,4 0,1 0,40 2,11 1,38 1,75 -1,35 -77 12,04 116,56 43,61 80,09 -104,5 -32 1 655 C 26,6 26,5 24,2 25,3 25,9 24,8 1,1 1,9 1,5 3,02 16,94 27,29 22,12 -13,9 -24 1416196 I 1 430 s 24,5 24,6 26,4 27,7 20,7 21,7 23,6 5,7 1,0 -0, 1 0,36 1,51 1,69 1,60 ### -78 7,23 #### 29,09 68,89 -101 ,5 -22 
0,7 0,0 -77,3 -26,7 

Oxford 14/6/96 1405 s 24,3 23,1 24,4 25,0 25,7 24, 1 1,9 0,3 -0,7 0,30 2,07 0,81 1,44 ### -79 1,08 #### 87,50 94, 10 I -99,6 I -86 

Lion Yard 10/8/95 1 029 s 27,0 27,2 25,9 27,7 24,8 25,4 1, 1 1,7 0,9 0,20 1,83 1,12 1,48 -1 ,28 -86 3,40 98,56 9,55 54,061 -95,21 -6 

14481 s 29,4 29,6 29,6 32,6 29,4 29,5 0,2 -0,1 -1,4 0,31 1,31 0,31 0,81 -0,50 -62 2,48 55,71 12,31 34,011 -53,21 -10 

1 6541 s 28,7 28,8 28,4 31,2 29,0 31,5 28,7 0,6 0,0 -2,6 0,47 0,70 1,19 0,95 -0,48 -50 1,38 70,91 69,39 70,151 -69,51 -68 17/6/96 I 1 435 s 27,6 28,5 28, 1 29,3 28,6 28,4 0,5 -0,8 -0,5 0,87 1,05 0,78 0,92 ### -5 6,40 22,49 15,78 19, 14 -16, 1 -9 
-0,4 -0,9 -33,3 -9,6 

Queens-St-Davi 14/6/96 1352 s 25,2 24,6 25,9 24,8 25,7 24,7 0,5 0,5 -0,6 0,23 1, 10 0,59 0,85 ### -73 1,35 #### 98,82 99,87 I -99,6 I -97 

Market 14/6/96 1452 s 24,7 25,4 24,4 26,3 23,5 24,3 24,0 0,5 0,8 0, 1 0,54 1, 15 1, 14 1, 15 ### -53 1,55 53,15 82,37 67.76 I -51,6 I -81 

Grafton Centre 17/6/96 1454 s 27,4 27,5 27,7 27,7 28,9 28,9 28,3 0,5 -0,9 -0,8 0,67 1,86 0,95 1,41 ### -52 5,54 64,50 43,16 53,83 I -59,o I -38 

Averages: amb 26,4 25,5 1,6 0,9 0,48 1,44 -0 ,97 -63 5,96 39,82 -36 -43 op 26,1 26,5 26,8 27,7 24,0 25,4 0,8 0,0 
-0,4 -0,9 -1 ,4 0,9 

~ 
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PASSAGES SHOPS 
Arcade ro t.T LUX t.L u t.U Nbr ro t.T LUX u Csc door Comments Anecdotes 

(%) (%) tot open 
Burlington 1 32,1 -0,1 0 Fan on. 

1 26,6 -5,6 1 Lights on. Sunlight from skylights. 
Royal 30,9 31 ,0 -0,6 0,62 1,00 -95 0,99 1,03 -55 1 31,6 0,6 0,16 0,21 0 14 2 Fan on. Lights on. Count 5 AC machines. 

Leadenhall 

Cv1 Gdn-S Hall 
T' diminishes from S to N side. 

N Hall 

Ctlave 
New cafe in shade under conservatory. 

Quadrant 1 31,6 1,5 0,39 0,15 0 20 6 Lights on. "The only thing that keeps the place cool is a gentle breeze 
passing through the arcade." 

Roya! Opera 
27? Lights on. 

Piccadilly 1 30,9 -0,2 0,31 0,46 0 5 Fans on. Door opened. Lights on. 

Princes 1 31,3 0,7 0,63 0,07 0 Many spots lights. Lights on. 

Duke St 23,8 23,2 -0,2 1,27 2,05 -94 0,77 1,00 -26 Neon lights on. 
21,6 20,9 -0,6 1,94 0,62 -91 0,37 0,77 -39 3 24,5 3,1 0,79 0,04 0 fan on "Arcade keeps relatively cool due to shading effect of the root." 25,0 22,9 -0,7 0,85 1,99 -94 0,16 0,39 -83 3 27,0 0,6 1,06 0,10 0 fan on "( ... ) being in an arcade in winter is superbly comfortable." 26,1 24,1 -0,9 1,19 0,37 -96 0,34 0,18 -32 3 28,0 2,1 0,54 0,20 0 fan on "( ... ) to go on, originality and pertection are necessary." 

High St 24,8 1,1 2,21 -90 0,53 -79 Lights off. Diffuse sun inside. 
22;0 22,9 0,7 1,39 0,73 -98 0,05 0,11 -95 3 26,0 2,9 0,96 0,18 0 Check T'amb vs wind exposure. (see survey sheet) 
25,8 23,5 -0,8 1,84 0,97 -98 0,36 0,34 -78 3 28,2 2,5 0,69 0,33 0 fans on Neon light in passages destroyes visual contrast. 25,6 24,1 0,5 0,89 0,37 -93 0,21 0,18 -70 3 27,7 2,1 1,14 0,14 0 

24,9 21,7 -0,9 1,57 2,51 -95 0,77 0,87 -7 . . 

Castle 25,2 24,2 0,6 0,86 1,27 -91 0,88 0,81 -10 Diffused sun inside. 

. 19,1 20,5 1.4 0,50 0,87 -97 0,80 0,20 -60 3 23,8 3,7 0 ,71 0,08 0 " Arcade keeps very cool in the summer and warm in the winter 24,9 23,5 -0,5 1,02 2,29 -97 0,22 0,32 -64 3 25,4 1,0 0,65 0,07 0 unless wind comes from the East." 

~ 
25,8 24,1 -0,5 0,78 0,85 -96 0,88 0,52 -5 3 26,1 0,0 0,51 0,08 0 Many doors and upper windows opened. 
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21,5 21,0 0,4 2,53 2,20 -88 1,28 1.20 I 5 

Royal 123,9 22,5 0,3 0,86 0,83 -97 0,91 0,921 -291 I I I I I I I 
!Lights off. 

22,8 21,3 -2,5 1, 15 1,02 -98 1,15 1,09 -6 

Morgan 125,6 21,6 -0,7 1,92 0,74 -98 0,95 2,081 -13 I I I I I I I I 
!Lights off. 

22,6 21,2 -1,7 1,23 0,70 -99 0,68 0,87 -52 

I 
Oxford 

Lion Yard I 25,51 0,1 I 1,711 -97 I 0,401 -73 I 7 I 26,4 -0,6 1,10 0,09 
~ I I I Check AC and non AC premises. r ( ... ) you should have been here two weeks ago ... the heat 

29,2 2,2 0,62 0,33 was unbearable!· 
28,61 -0,9 I 1,151 -97 I 0,39 

-52 I: I 27,0 -2,4 1,12 0,12 1 
31,4 2,0 0,56 0,13 0 

28,31 -0,4 , 0,931 -991 
0,99 5 

28,0 -0,4 1,08 -94 0,60 -34 

I 
Queens-St-Davids 

I 
Market 

Grafton Centre 

24,3 23,8 1,30 1,19 0,65 0,69 NA( 28,4 2,0 0,7 0,2 
24,1 -0,3 1,24 -95 0,67 -41 AC 26,7 0,3 0,74 0,07 

~ 
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Appendix E4-Sorted performance data. 

6Tamb 6U 6L 
(OC) (%) (%) 

1 Le -0,2 Le 12,0 Re 79,0 
2 M< 0,6 Pi' 38,0 c~ 81 ,0 
3 RI 0,7 c~ 55,0 Mc 82,0 
4 c~ 0,8 RI 62,0 Cc 82,0 
5 Cc 0,9 · Ot 68,0 HE 82,0 
6 HE 0,9 c~ 71,0 Ly 84,0 
7 Re 1,0 M< 72,0 Le 86,0 
8 Ly 1, 1 Ly 73,0 Ds 86,0 
9 Ds 1, 1 Re 80,0 Ot 88,0 

10 Pi' 1, 1 Re 81,0 c~ 89,0 
11 c~ 1,7 Cc 83,0 BL 90,0 
12 Re 3,1 DE 84,0 Pi' 92,0 
13 Ot 3,2 BL 84,0 Re 95,0 
14 BL 3,6 HE 89,0 RI 98,2 
15 Ox* Ox* Ox* 

Comparative tables of environmental differentials in autumn. 

6Tamb 6U 6L 
(OC) (%) (%) 

1 Re -1,4 RI 49,0 Cc 1,9 
2 RI -0,5 Ly 51,0 HE 3,9 
3 Ly -0,4 Pi' 54,0 Ly 9,6 
4 0> 0,3 Cc 55,0 Re 12,0 
5 Pi' 0,6 BL 55,0 Ds 23,5 
6 M< 0,7 DE 57,0 M< 27,0 
7 HE 0,8 Re 60,0 c~ 77,0 
8 Le 0,8 Ot 61,0 0> 86,4 
9 c~ 0,9 c~ 73,0 RI 90,0 

10 Cc 1,1 HE 74,0 BL 90,0 
11 DE 1,1 c~ 75,0 c~ 94,0 
12 Ot 1,4 M< 78,0 Le 96,0 
13 BL 1,5 0> 79,0 Pi' 99,0 
14 Re 2,2 Le 79,0 Ot 99,0 
15 c~ 2,8 Re 84,0 Re 99,0 

Comparative tables of environmental differentials in summer. 

6Tamb 6U 6L 
(OC) (%) (%) 

1 c~ 1,0 Pi' 4,0 Cc 72,0 
2 c~ 1,0 Le 26,0 HE 72,8 
3 RI 1, 1 Ds 26,0 c~ 76,0 
4 Le 1,3 c~ 51,0 DE 78,1 
5 M< 2,1 M< 58,0 M< 79,0 
6 Pi' 2,5 BL 66,0 Ot 82,0 
7 DE 2,6 c~ 69,0 Ly 82,0 
8 Cc 3,0 Ly 71,0 Re 83,0 
9 HE 3,3 RI 75,0 Le 85,0 

10 BL 3,4 Ot 75,0 RI 86,0 
11 Ot 3,4 Re 76,0 Pi' 87,0 
12 Re 3,6 Cc 77,0 BL 87,0 
13 Ly 3,7 HE 80,0 c~ 92 ,0 
14 Re 3,9 0> 81,0 Re 93,0 

Z38 
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Appendix F -Survey Graphs-

The name, date and hour of survey of the urban 
elements are indicated on the header of every 
survey graphs. The static survey graphs are 
classified by section, according to cities in the 
following order: London, Cardiff, and Cambridge. 

For each cities, the survey graphs are then 
classified in alphabetical order of t~e name of the 
surveyed element. Wherever available, the graphs 
are furthermore classified according to seasons in 
the following order: Winter, Fall, and Sumfner. 

The available dynamic survey graphs appear at the 
end of each city section, unless they relate to a 
specific urban element, in which case they appear 
at the end of the section of this particular element. 

Note: These graphs are published for, information 
only. The detailed field survey sheets, · describing 
qualitatively the environmental conditions and the 
location of the point of measurements, have not 
been published in order to light~n this appendix. 
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BURLINGTON ARCADE 1302 13/1/98 

30.0 

25 ,0 

u 
;.' 20,0 
a: 
~ 15,0 
a: 
w 
~ 10,0 

~ 
5,0 

-- !l!!ffl!!M ~ ~ ~ ~~- - - - - - - - - - - - - - - -......._., 
.lib 0 

.. - - - - - - - - - - - - - - - - - - - - - - -· - _ O_ O_ - -

0 

0,0 c_ ________________ ___ _ 

1000 

o &~ -o--•"-----------.~ --'o'--------

----·· ----- -----·--- -----------, 
6,00 

5,00 
;; 
§_ 400 
tz ' 
w 
~ 3,00 

~ 
:i; 2,00 
a: 

" 1,00 

- - - - - - - - - - - - - - - - - - - -,!' _ - - - - - - -

240 



BURLINGTON ARCADE 0958 21/10/95 
~--------·-------·- : 

35,0 [ · · · · · · · · · · ' 

E 3o,o [ . . . . . . . . . . . . . 

f5,o j .. .. .. .......... . 
ffi20,0 1· ..... .... ... .. .. ~ 
l1s.o ···· · .......-~ ......... :::::.:._~____,.• 
w ·-- ······-·--- ~ 
'",0,01~~ 

, ___ 5_.o_,_--_----------------·-=--------===~--] 
----i 

6,00 

5,00 
;, e . i 4,00 

w 
~ 3,00 
> 
0 
::E 2,00 
a: • < 1,00 ... -~ . . · . . · . . .... . . .. · .. . . . . . ...... . . . ~ ... . 

1111111":ftaJ •••• 
0.00 t.......:__~ ~ ~ .,.,.__!._ .. __ .• 

I 

AppendixF 

BURLINGTON ARCADE 1525 21110195 

I 35.0 I · .... .. . · . .. · . .. .. · · · • · . . · · l 
l i 30,0 i · · · · • • • • • · • • • · • • t 

E 2so l ..... ... -Ff- ~~""'=- - -
~ ::·: . . . . . . . . . . . . . . 

) ___ ·---~--------.---·--·---· 

6,00 · · .. ......... . .. · 

5,00 

i 400 !i ' 
w 
i:lj 3,00 

i5 
::E 2,00 
a: 
< 

• 
•• i • • • · • ., ~ 

100 • · · · .. . · .. . . · .... . . · .... ... · · · . .!, .,. ""'.. • • _,..,,. • 
·.~ ... 

o,oo T ~ ---~.•~ I • 
• • • 

BURLINGTON ARCADE 1250 03/08/95 

45,0 - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

40,0 

0 
~ 35,0 
a: 
~ 30,0 
a: 
w 
!Ii 25,0 
w 
>-

20,0 

([[lIDlllllo 

- - ------------------- ~-- - ------,-=· .llil!lilllm!ll - - - - - - - - - - - - - - - - - - - - - -

15,0 ,__ ___________________ _ 

1000 

j 100 
t;! 
0 

- - - - - - - - - - - - - - - - - - - - - - - - - - ~ 

~'lo 8. 
w 
0 z 
~ 
:ii 

10 ~~) - - - - - - - - - - - - - - - - -~ .. &. - - - -

~~ c!Oc5%roo . 
:, 

;;! 

6,00 

5,00 

Loo !i . 
w 
~ 3,00 

i5 
::E 2,00 
a: .. 

1,00 

0,00 

- - - -~~- - - - - ~ - - - _o _ - - - -

- - - - - - - - - - - - - - - - - - ..! - - - - - · - - - - - -

' 

--- --- --- -- --- -------- --.-rr-- ------- -- -- ------- - --- -- - --- - -

... \f. Ji .••• \ii /V"'. •.. ••. 

241 



COVENT GARDEN (Central Avenue) 1329 14110 / 95 

35.0 · 

i 30,0 '. 

11; g 25,0 l 
~ , _______ ------, - ---- ·----~ ~ 20,0 , •rims---- ___ ..... 

I I 150 I 
I ~ 10:0 I _ .. 

L:~-------
1·; ·=1-·-·······:···· - -

~ 1o )c:~· -· ·-···· ·· 

----------, 
I 

i 
I 

C 

~1-o_l ___ ==_c_~=::;=~-----_·~_-·_; _=_ =~---~--1 

6,00 

5,00 

i 40'0 
!z ' 
w 
~ 3,00 

;2.00! ···" • • ... .. . ... . ~-. . .. .. 1.001 ........... . 
0,00 -

.......... ¥"' ,. "J' ,,. ... ,,..._ •••• 
I -' - -·- +-- --- --+--

COVENT GARDEN (Central Avenue) 

45,0 

40,0 

0 
;- 35,0 
a: 
::, 
~ 30,0 
a: 
w 
~ 25,0 

~ 
20,0 

- - - - - - - - - ~ OZ# 

1346 916/9 6 

15,0 '---- -------------------

1000 

j 100 

~ 
8. 
~ 10 
z 
C z 
2 
::, 

;;! 

6,00 

5,00 

Loo !z . 
w 
~ 3,00 
> 
0 
:E 2,00 
a: .. 

1,00 

0,00 

~~co=n 
- - - - - - - - - - - - - - _a "'·- !' - - . 

AppendixF 

COVENT GARDEN (WE) 1329 1411019 5 r--~~-~---- - . -------· --- --- -. ------ · l 
I

I_ E 30,0 i 
w 25,0 ! · 

l
1 I ::: 1=-~· -=· · · 

1Q,Q I 

5,0 '------ - ----------------

1000 - · · · · · · · · · - · - · · · • · · • • • · • · • · • • • • · · · • ·.•• • •• · - .•• 

! 100 

~ 
E. 
w 
u 

i 
2 
:, 

;;! 

10 

e,oo 

_ 5,00 

i . 
~ 4,00 

w al 3,00 

~ 
:E 2,00 
a: 

!f' 

: ' ~----- ~~~ . .... .... .. , .... .......... .. 

< 
1,00 ifl ............ ~ ... - . . . .. ........ - ·~.~i/'ie ... ,,..._-:~-. 
0,00 ---- • ........... ..__._L'___; -,,,...,,_L' ""'--'=---..l-"--- -:::__ __ _ 

COVENT GARDEN (South Hall) 1402 916196 

45,0 - ----- - ---- - --- - - - -- --- -- -

40,0 - - - - - - - - - - - - - - - - - - - - - - - - - -
0 
~ 35,0 
a: 
::, 
!c 30,0 
a: 
w 
!l! 25,0 
~ 

20,0 

d>,ptl' fll'il ..,l'e ...--,,"0 
- - - - - -~~- - - - - - -~ ss.g.J' - - - - - -

~ _"¥¥l}P1R,_''~ ':1'.11~1'.11_ ~ -~ 
a 

15,0 '-- ---------------- ----

1000 

-;. 
= 
i.;! 

100 

0 

8. 
w 10 u z .. z 
2 
::, ... 
:! 

6,00 

5,00 

Loo ffi . 
~ 3,00 

~ 
:E 2,00 
a: .. 

1,00 

~ -- - --- -- -- -- -- -----.._....,,,_. 
~'=b - <Ao,,, ~m,:AP 

- - - -~d'."L -=<:::.::,! - - - - - - - -
O~ c==w, 

co=n _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ f§WB _ _ Rt _ _ __ __ _ 

•• ik..,.• .. •• .••. ••• ·~-. 
0,00•--~--~- ~ 

242 

I 
1] 



..... 

AppendixF 

COVENT GARDEN (SN) · 1329 14/11 / 95 
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A STROLL IN COVENT GARDEN MARKET sunny spells / hazy / dry 09:48 @ 10:09 10/2/96 
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A STROLL IN COVENT GARDEN MARKET sunny spells/ hazy/ dry 11:58@ 12:39 10/2/96 
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A STROLL IN LEADENHALL MARKET 1115 101219 6 
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STROLL IN CARDIFF cloudy sky/ windy /sleat+light snow 12:40@ 13:30 25/1/96 
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A STROLL IN CARDIFF 
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A STROLL IN CARDIFF sunny / low wind/ dry 13:11 @ 15:00 14/6/96 
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LION YARD ARCADE 0925 16/ 1/96 
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HOBSON'S PASSAGE 

35,0 

30,0 

0 
;; 25.0 
a: 
~ 20,0 
a: 

~15,0~ 
w ... 

10.0 

5,0 

--
1000 · · · • • · • • • · · · • · · • • · • • • • • • • · · • · · • • - · - · · 

j 
f;j 100 

[ 
w 
CJ 10 .~ .-~.! · 
~ z 
i 

~ 

6,00 

5,00 

i 400 !z ' 
w ill 3,00 

~ 
:E 2,00 
a: 

-~-

0936 16 / 10 / 95 

.. Fz -----

< 
1,00 .:.~ .. . . . .. . , _....... .... .. ......... . .. . . 

.. • !'- \ .... •l~-- .. ~.-. 
0,00 L-~~---~-- •·--·----

HOBSON'S PASSAGE 0950 21 /08/9 5 ;------------ -- ------···· --·-----·- --· --------·----- --· 1 
. 45,0 • l 

40 o i I 

~ 35:0 I -_ _ _ _ 

HOBSON'S PASSAGE 

y 

35.0 • · 

30,0 

;;j' 25.0 
a: 

" · 

AppendixF 

1400 16 /10/95 

. .. "! . 

i ::1-- · 
10,0 • · · · · 

5,0 -!------------------------

1000 

6,00 

5,00 .. e . i 4,00 

w ill 3,00 

g 
2,00 

a: 
< 

1,00 

. .. . . . . .. .... ... . . . . . . .. .. ... . .... .. . . 1, 

; \ 

V~u -~~ ...... __ . _~_·'L. -•• r_·.~--
--' -~,L ·· · · · ·· - · ·, .. -~ . -~ ........ 0,00 L_ ___ _.:. ........ c.:..cc;=-----.. ..=.-•,.___ ______ _ 

HOBSON'S PASSAGE 1407 21/08/95 i-~:-1---~------__ -_. --. . .... -. . . . -- . •-i 
I [::1 .. ···· ········ > 

1 

I ~ 30.0 r .. _____ _ 

!1! L I I :::: t 
15,0 ~-- --- · 

·------- --- - - --- - -------' --------- ---- ------------- --·' 

I :::: t""'-~;::.:O~ . 
I!:! -== 20.0 ·r _ _ 

15,0 ----·- · 

•• ... SS · ·-p ---- ---- --..._ 

...••.•.•••.••.•.••• ~ 

6,00 

5.00 

Loo !z ' 
w 
~ 3,00 

~ 
:E 2,00 
a: 
< . ..... . 

1,00 I~.-,• • ._-. ; _•_ 0-.,,,.• •0 .. .. .... 0.00 , ________ _ 

. . . -...,,...,. 
~;.--.......-

. .. .... ...... ...... 
-----·---'-------

I 

I 

1000 

j 100 
f;j 
S! 
~ 
w 
CJ z .. z 
i 

10 · · - · - - - - • · · · 

::, 

;;j 

6,00 

5,00 

i . i 4,00 

w ill 3,00 

g 
2.00 

a: 
< 

• 
. -~· . . - - · ·· · · ·· · 

-
···-~-

271 



MARKET PASSAGE 0953 16110195 

35,0 

30,0 

-------- - ----------- -----

j 1000l········· 
100 · · - - · · • • · · , - • - - • · ~ •, ·, · · · · - • · · - , • 

~ 
E 
~ 10[~ · .. · · . • ~ 
~ ~~~-·-----z _ ... --..~-
:11 · .. -- ~ 
~ 

01----------------------

6,00 

5,00 

I . ii" 4,00 

w ii: 3,00 

g 
~ 2,00 
a: c 

1,00 .,.,._... . • .. · -~ -

0,00 ~ _..,y._~,.~ -~ ..... -· 

MARKET PASSAGE 101 7 21108195 

45,0 

40,0 

u 
;' 35,0 
cc 
::, 
~ 30,0 
cc 
w 
~ 25,0 

I!! 
20,0 

- - - - - - - - - - - - - - - - - - - - - - - - - crm:o'i:x:ii:xP 

---- --- - - ~--- -- ~"""""""" . ~ ~ 

15,0 '------- ----------- ----

--------------------------, 
1000 

j 100 
:;i 
0 

E 
~ 10 
z ... z 
:i 
::, 

;;l 

6,00 

5,00 

L.oo 
ffi 
~ 3,00 

~ 
lE 2,00 
cc 

" 1,00 

- - - - - - - - - - - - - - - - - - - - ~ 

-- ----- - - - - --- - - - -- -- ~ 

~~~.:~ 

AppendixF 

MARKET PASSAGE 1421 16110195 

35,0 "l · 

30,0 · 

u 
;;;' 25,0 
cc 

~ 20,0 
cc w 
i 15,0 

I!! 
10,0 

5,0 1---------------- - -----

.1000[· .. . .• • . • .. .. ............. . . . ....... ..... .. . 

.2 100 · · · · .• -· •. -- · - -· · - · · · · · .. · · · · · - · · · · - · · - - · · · · . • • · 
~ 
E 

I 101 e~-i~-~- ·.- = 
:1 -~ ~ .. .. . - ~ 

6,00 

5,00 

I . 
ii" 4,00 

w ill 3,00 

~ 
lE 2,00 · .. · .... · .... .. ----·.. .. ... .. · .. ... .. .. .. . .. . .. · 
e • 
"100 ·• .................... • .. .. , .. ......... . ... .. • .A , .. .. 

. '-;, ........ .,,;- ..... :"'· 1 ·,··-- ~.".-.,. •• ·- --0,00 . !I! • ~ 

MARKET PASSAGE 1429 21108/95 

45,0 

40,0 

p 
;;j' 35,0 
IC 
::, 
!c 30,0 
cc 
w 
~ 25,0 

I!! 
20,0 

~ - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

15,0 '----------------------

j 
:;i 
0 

E 
w 
0 z ... 
z 
:i 
::, 
..J 
:! 

1000 

100 

10 

6,00 

5,00 

L.oo 
!. 
w 

-~ 
-- - - - - - - - 'I, - - - - - - - - - - - - -- ..... ~ 
==~llo~l.ll~ 

- - - - - - - - - - - - - - - - - - - - ~ - - - - -

~ 3,00 - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

i :: ~ ~ ..i,..) ~0,,;., 



ST-JOHN'S COURTS 
------·----

30 

25 

u 
"- 20 
w 
a: 

~ 15 
a: 
w 
~ 10 
w ... 

0955 15/1/96 

0 -----·- ·-- ·---·-·· --·-----··---- ---

1000 

x 
:, 
...J 100 

Iii 
0 

E 
W 10 
0 z 
~ 
:ii 
:, 

;j 

0 -

6.00 

5 ,00 

I 
~ 4.00 

w 
~ 3,00 

i5 
:i; 2,00 
a: 
< 

1,00 

0,00 

- -~ - - G\J _ -~ -:: ~ 
-----------~ 

~ --. --~ ·-----------~ '-------

QUEENS COURTS 1422 10/ 07/95 

45 

40 

u 
;;i' 35 
a: 
:, 
~ 30 

ffi 
~ 25 
~ 

20 

15 •--------------------- ---

1000 

j 
100 

Iii 
0 

E 
w 10 
0 z .. z 
:ii 
:, 
;j 

6,0 

5,0 

Lo ffi . 
i 3,0 

:I, 2,0 
a: 
< 

1,0 

0,0 

AppendixF 

ST-JOHN'S COURTS 1329 · 15/1/96 
-------- --------- ---·-- -----~ 

30 

25 

u 
;;i' 20 
a: 

~ 15 
a: 
w 
i 10 

~ 

1000 

x 
:, 
...I 100 

Iii 
0 

E 
w 10 
0 z 
~ 
:ii 
:, 

;j 

6,00 

5,00 

I 
~ 4,00 

w 
~ 3,00 

i5 
:i; 2,00 
a: 
< 

1,00 

0.00 

--- - ·- - -- - ~ 
~ .~ 

-- -- ~ -: _ _ __ _ 

" J 
- - - - - - - - ..,. - - - - - - -

STROLLING IN CAMBRIDGE 19/06/95 

45 

40 

u 
;- 35 
a: 

~ 30 
w 
~ 25 

~ 
20 

15 

1000 - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

j 
100 

Iii 
0 

E 
w 
0 z .. z 

----fQ~~ . .- )! 
- - ~ -- - -~ -

:ii 
:, 
;j 

6,0 - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

5,0 

Lo ... . 
z 
w 
~ 3,0 
> 
0 
:I, 2,0 
a: 
< 

1,0 

-~ -- ------ - -- - -- -- --~ ---~A~;- -- -----~ 
0,0 '-----------------------

Z13 

I 

I 

! 



l :E I I I ' :E 

0 

_ AIR :ove:ENT ;.ml•) "' "' IUUMINANCE ex 10E2) _ I _ TE~ER:TURE~'C) "' "' ffi g ,.. AIR ;ove_:eNT_:mi•) -"' -°' ILLUMINANCE (X10E2 ~ux) 
0 

, I TE~ER~URE~' C) "' "' ' ffi 
b bObbbC> - 0 tnOtnOCJIOU'l :E 0888880 ... 0 0 9$11.0_C119."'9 :E r~: CT°il , , 0 0 "n~ ~ 

1
~ : 

0 

[ : I O O : :f O O O O ~ 

,r; ~ • 9 • • /f . . . i ; ~ • • : !& : I : V : I 
;·· n , I i / . a. : : i . 
; ~ : ft : I 11· : ' I : ' ' : I j : 1: 
,:. : : i! i_ • 1· ,,, 
~·, : 0: ll · · · : : r . 
1 i~ : a ll ~ . l\ : : :I: : 
! • B . 'I O ~ I ' 1 · ' C 

1 ~-·~-j---'· - • •t l I \1 :I : : f : w ,·1 : : , :, . . ~ 
,.,._-; b -. : : ~· ~ I li • . : : ,J { I : : ;: : "' 

. . . ~ . -. 

~~~~~~~~~~__J "' ~ 

- - - - ---- ·--- - - - --- -- - -- - -- - -- - --·- --

0 _ AIR:ove:ENT!rn/1)"' "' ILLUMINANCE(X10E2) _ I _ TE~ER:TURE~'C)"' "' ! _o .- A1R;ove_:eNT.:rnl•) ·"' !" ILLUMINANCE(X10E2) _ TE~ERA~URE~' C) "' "' I ~ 
8 8888 .88 0 - 0 g 8 l bgbg~g~ ~ 8~88888 0 - 0 g g -:;bgb.:;bg ~ 

--7.~~ - - . tr-1: ~ 5: I I : . ~ 
~·: . . It . ~ : l1 . : g I-~ . f\le : . I : g 
·,;.~ : : ,~ [) =l ~ -: ' ~~ ' r: ' : : =l 

:, . I • II i~: • • • I: : : . I : : 
4,f·· • j tl u I~ : : ' ' 1' I ' ' 1' : : '· ~ - I :I ~ ~ . . . . . 
.:J.- U o !!: : : l : I : : 
. ~~ : : I : • • irJ : I ~ : : . -: -. :J : · I : : 

ri.t~: 1 
: «i _ . • __ :J_J • 1 • : g 1 : · :· : : n~,: · · :· ; · i,i: · ~ ~ 

~ 1 ·~~~! i • ~ • I • : • • • Lt -: · I : I : : · -l 
- ,, 



WHEWELL'S COURT 0955 22/08/95 

45 ,0 

40,0 

u 
~ 35,0 
a: 
:, 
~ 30,0 
a: 
w 
~ 25,0 
w .... 

20,0 

-- -- - --·· -- - ------- ------- -- --
anntJill'i) 

-- - - - - - - - - - - - - - - - - - . ..__. - - - - -~ 
~ ~ mam. - - ---- -- -==- --- 11!1!1!!1!!1 ---- -

15,0 , _____ _ 

1000 - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

1;l' 100 
~ 

w 
~ 10 

"' z 
:il 

~ 

6,00 

5,00 

I 4,00 
!z 
w 
~ 3,00 

i5 
:i; 2.00 
a: 
:;; 

1,00 

0,00 

--------- """"""------- ----- ~ 
~ ~ G 

---- -- -- -- ---- --
-- ----- ~ -

··•••··•·•x _ /Af. ·~ - -~!v «di>.- ""'-™'-- - - -
----------------------------' 

AppendixF 

WHEWELL'S COURT 1357 22/08/95 

45,0 """" =m 
40,0 

u 
;.' 35,0 
a: 
:, 
t; 30,0 
a: 
w 
~ 25,0 

~ 
20,0 

15,0 

·----- -~ - --- ~ --

• - - - - - --i: - - - - -:,;..,- - - - - ;.;,j- - - - ---~----~---"'6--
1000 - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

1;l' 100 
~ 
~ . 
w 
0 10 z 
"' z 
:il 
:, _, 
:! 

6,00 

5,00 

Loo !z . 
w 
~ 3,00 
> 
0 
:i 2,00 
a: 
:;; 

1,00 

0,00 

- - - - - - ·.;,,.;._; - - - - ---- - - - ~ - - - - -

. ~ ~ ----- ~ -- "'l!n= - ' -------------

- 11111111 -= = -~ -~ - - - - - - - - - - - - - - - - - - - - - - - ,- - - - - - -

-----------.----------1-1 -----
----~~i{1l'\JzJ"-ll~-----
_a6_ , _'f_ --~ 

WHEWELL'S COURT 1714 22/08/95 

45,0 

40,0 

u 
;.' 35,0 
a: 
~ 30,0 
a: 
w 
I 2s.o 
~ 

20,0 

15,0 ·---------------------

1000 

1;J' 100 
~ 

w 
~ 10 

"' z 
:il 

~ 

6,00 

5,00 .. 
f 4,00 
!z 
w 
~ 3,00 
> 
0 
:i 2,00 
a: 
:;; 

1,00 

0,00 

~ ~ 9' ~ - - -~ - - - - - - - - - - - - - - - - - - - - - - - -

~ ~ -

275 



A STROLL IN CAMBRIDGE 

25,0 

E 20.0 

w 
!§ 15,0 

~ 
ffi 10,0 
a. 
:. 
~ 5,0 

sunny/clear sky/cool 

AppendixF 

8/2/96 12:55@15:10 

---l,- --/ 
---- ~ 

0,0 -·--------------------------·---------------- -~ 

Ambient. Radiant(left and right), and Operative Temperatures 

1000 

x 
:J 
-' 100 
N w 
0 

~ 
w 
(.) 
z 
<( 
z 
:E 
:J 
...J 
:::! 

10 

\ ' 

TIME STEP (XSMIN) 

0 1------ ---------- ------------1---+--------------~ 

llluminance levels (left, right, front , and global) 

6,00 

- 5,00 

i 
;:- 4,00 
z 
w 
il5 3,00 
> 
0 
:. 2, 00 
a: 
<( 

1,00 

0,00 

Air movement (omnidirec1ional) 

276 



COUNTY ARCADE 0930 19/07/95 

45,0 

40,0 

0 
;- 35,0 
a: 
:, 
~ 30,0 
a: 
w 
~ 25,0 

~ 
20,0 

-~ - --· · ·--·· - ···· -···---

... ~-~ il!!!2!i C""',~ . . ~ 

• 
15,0 J_ ___________ _ 

- ·------------·--------------, 

:;: 
0 

E 
w 
0 z 
" z 
:ii 
:, 

;;! 

1000 

6,00 

AppendixF 

COUNTY ARCADE 1358 19/ 07/95 

45,0 

40,0 

0 
~ 35,0 
a: 
:, 
~ 30,0 
a: 
w 
!i 25,0 

~ 
20,0 

.-----·-- lllllllillllllllillllllli·-

15,0 '----------- - -----------

1000 

j 100 
:;: 
0 

E 
~ 10 
z 
~ 
:ii 

~ 

6,00 

5,00 

Loo !. . 
w 
~ 3,00 
> 
0 
::,; 2,00 
a: 
<i 

1,00 

. - . - - . - - - • - • - - - - - - . - - - - _o _~ 

~~~ -~~ 
----~ - ---- -- - ----- ~ - - -- ·-

········ '* 
•. ~ ~ ;,..~: : :~c:__::.: : :--""~--- _ · . 

0,00 '------

QUEENS ARCADE 1032 19/07/95 

45,0 

40,0 

0 
;- 35,0 
a: 
:, 
!c 30,0 
a: 
w 
! 25,0 

~ 
20,0 

ooD°cPXXxxx:,O - .. - . . - . . - - - . - - - - - ... - -aili-ai=::"'°o 
lllliillillllillllllilil ~= .. --- ... - - - - - - - - - - - - - - - .. -..... ; .. - - - - - - - -

15,0 L----------------------

1000 

j 100 

I.I 
0 

- - - - - - - - - - - - - - - - - - - - -~ . - - - -

<too~ • 
E 
w 

I 
0"9 0 

-----~ -
••• 

10 - - - - - - - ..-~W..- - - - - - - - - -
~~ ~ .. 

:ii 

~ 
1 -~ ----- ~ -0 - ~~~ --------

6,00 - - - - - - - - - - - - - - - • 

5,00 • - - · - - - - - - - - - - - -

Loo !. . 
w 
~ 3,00 
> 
0 
::,; 2,00 
a: 
<i 

1,00 

' ------- - --- - ----'--- ---- --

-------------v----- -- ··A---
- - - - - - - - - - - - - - - - - - - ~ -v - - 'o - -

271 



THORNTON ARCADE 

45,0 

40,0 

p 
;ij' 35,0 
cc 
:::, 

~ 30,0 
cc 
w 
~ 25,0 
w .... 

20 ,0 

1007 19/07/95 

- - - -. - - - - - • 

15,0 '----------------·--------

1000 

j 100 
:;i 
0 

E 

~ -

~ 10 
z 

~-~:, 
- -- - -------------- ~ 

~ 
:E 
:::, 

;;! 
- --- --~ -~ - ~ -- --- --

6,00 

------------------------------~ 

VICTORIA QUARTER 

45,0 

40,0 

6 
~ 35,0 
cc 
:::, 
!;. 30,0 
cc 

~ 25,0 ::.... ..:: -
w .... 

20,0 

15,0 

1000 

j 100 

~ 
E 
w 
0 z ... 
z 

10 ~ -- ---- ---

:E 
:::, 

;;! 

6.00 

5,00 

! 4,00 

w 
~ 3,00 

~ 
::E 2,00 
cc 
< 

1,00 

---~ -~ - ~ -

tt03 19/07/95 

------------------------------" 

THORNTON ARCADE 

p 

45,0 

40,0 

;; 35,0 
cc 

AppendixF 

1435 19/07/95 

0000000000000 
:, 
!;i: 30,0 
cc •-·111111u~1~~11,· - - - · - .. - .. - - ~.::mm:::: -

••• •• IIUHIHIIHI w 
!i 25,0 
w .... 

20,0 

15,0 '-- --------------------- -

1000 

6,00 

5,00 

Loo 
!z ' 
w 
ilj 3,00 

~ 
::E 2,00 
cc 
< 

1,00 . .Af ······ ··· /(.;.~ 
0,00 '--------~"':., .. "s0"o __ ~0~""------------

VICTORIA QUARTER 1501 19/07/95 

45,0 

40,0 

6 
;;;"35,0 ..,.._..._ _ 

cc 
:, 
!;. 30,0 .-......,. 

ffi 
t 2s.o 
w .... 

20,0 

....., _____,,Ill --=- e*'"""" 

15,0 '-------------------------

1000 

0 

• c9 0 

.<lf;i~ 

10 - -~ -

6,00 

5,00 

L.oo 
!z 
w 
~ 3,00 

~ 
::E 2,00 
a: 
< 

1,00 

~-~ 
~ -~ ---- -- - -- - - - -

278 



AppendixF 

ROYAL ARCADE (NORWICH) 1305 15107195 
--------- - ---··----- - - - -----

45,0 

40,0 

t W 35,0 
0: 
::, 
!« 30,0 
0: 
w 
! 25,0 

~ 
20,0 

- - - - - - - - .. - - - - - - - - - - ~ - - - -

- -·-- - - - - - - - - - - - - - - - - - - - - - - - - - -

15,0 · - ·- --------- ---------

1000 

j 100 
t;l 
0 

E 
~ 10 
z 
~ 
5! 
::, 

;;l 

- - - - - - - - - - - - - - - - - - - - - - o'IJllo@) _ - - -...., 
" 

• 0 
- - - - - ~ - - 0 - - - ~ -.- .- - -~ - - - = 
-~~~-, -~_ ::_~ 

0 ---- ----------------

6,00 

5,00 

! 4,00 

w 
~ 3,00 
> 
0 
:If 2,00 
0: 
< 

1,00 

0,00 

...•••..•.•.......•••.. } ••• 
1\ N .•• ·"'v·~·lit· ••. V 

--~ -------~ 

THE SHAMBLES (York) 1510 20107195 

45,0 

40,0 

V w 35,0 
0: 
::, 
!« 30,0 
0: 
w 
I 2s.o 
~ 

20,0 

15,0 ~------------------

1000 

j 100 

SI 
0 

E 
~ 10 

"" z 
5! 
::, 

;;l 

6,00 

5,00 

-,; = ~ ~ - 1!9'~~ - -- -... -~ - - - - - - - -

~ 
- - - - - - - - - - - clltcrIIImD- - - - - - - - - - - - - - - -...... 

Z79 


