The Institution of

Structural=ngineers

Car park design

IStruct= Guide




The Institution of

Structural=ngineers

Car park design




ii | The Institution of Structural Engineers
Car park design

Authors

P Guest BSC MSc DipTE

D Gullock BA (Hons) M.Arch PG Cert ARB (Fatkin Ltd)

A McBryan BEng (Hons) CEng MIET (AECOM)

F Petch BA (Hons) M.Arch PG Cert ARB (Fatkin Ltd)

M Pundsack BEng (Hons) CEng MRICS AlFireE FIStructE (City of London) Chair

P Robery BSc PhD FREng CEng FICE FICT FCS (Robery Forensic Engineering Ltd)

R Simmons BSc (Hons) MCIOB CBuildE MCABE FCIHT FBPA AMICE (Ballast Nedam UK)
J Stewart CEng MIStructE (Ballast Nedam Parking Ltd)

C Watkins BA (Hons) MA NRAC (Consultant) (Arup)

C Whapples BSc (Hons) CEng FIStructE FICE (Stripe Consulting) Overseeing Consultant

Reviewers

N Ely BSc (Hons) CEng MIStructE MCIOB (Environment Agency)
G Deuce BEng CEng FIStructE FICE (Mace Group)

Publishing
L Baldwin BA (Hons) DipPub (The Institution of Structural Engineers)

Published by The Institution of Structural Engineers

International HQ, 47-58 Bastwick Street, London EC1V 3PS, United Kingdom
T: +44(0)20 7235 4535

E: mail@istructe.org

W: www.istructe.org

First published (version 1.0) June 2023
978-1-906335-62-5 (print)
978-1-906335-63-2 (pdf)

© 2023 The Institution of Structural Engineers

The Institution of Structural Engineers and the Task Group which produced this Guide have endeavoured to ensure the accuracy of its contents.
However, the guidance and recommendations given should always be reviewed by those using the Guide in light of the facts of their particular

case and any specialist advice. Users should also note that the Institution periodically updates its guidance through the publication of new versions
(for minor alterations) and new editions (for more substantial revisions) — and should ensure they are referring to the latest iteration. No liability for
negligence or otherwise in relation to this Guide and its contents is accepted by the Institution, its servants or agents. Any person using this Guide
should pay particular attention to the provisions of this Condition.

No part of this publication may be reproduced or stored in a retrieval system without prior permission from The Institution of Structural Engineers,
who may be contacted at: 47-58 Bastwick Street, London EC1V 3PS, United Kingdom.




The Institution of Structural Engineers | iii
Car park design

The authors

Mark Pundsack - Chair

Mark is Assistant District Surveyor at the City of London. He is an experienced
Building Control Officer with a particular interest and specialism in structural
engineering and fire. He has been involved in assessing some of the largest and most
complex schemes in the country, including a number of very tall commercial towers.
This involvement has spread from early design, through approvals, inspections

from foundations to occupation, and some interesting factory inspections in Europe
and China. He manages a group of multidisciplinary building control professionals;
ensuring the safety, accessibility and energy efficiency of buildings withing the City of
London.

He is vice chair of the IStructE’s Safety, Health and Wellbeing Panel, and a member
of the Business Practice and Regulatory Control Committee. Since the Hackitt report,
Mark has been much involved in providing advice to government on the future of
building control, including being a member of Raising The Bar WG6, and the Future
of Building Control Working Group.

Chris Whapples — Overseeing Consultant

Chris has more than 50 years’ experience as an independent Parking Consultant
and was involved in the preparation of the 2nd, 3rd and 4th editions of the
IStructE’s Design recommendations for multi-storey and underground

car parks guidance.

He has been responsible for the design and construction of many car parks both
in the UK and internationally, and was deeply involved in the development of the
patented Vertical Circulation Module (VCM) system. He was a member of three
winning teams for the Best New Car Park Award and the Best Refurbishment Award |
before progressing to the British Parking Award’s panel of judges.

Representing the British Parking Association (BPA) Chris worked in association with the Transport Research
Laboratory in developing new standards for testing vehicle impact barriers, and with the Building Research
Establishment in evaluating fire spread in car parks.

Specialist knowledge of car parks has enabled him to co-author the ICE’'s Recommendations for the Inspection,
Maintenance and Management of Car Park Structures (2nd edition), and to sit on several European Technical
Committees relating to durability, repair, inspection and maintenance of concrete structures. He is a joint author of
the first edition of the Car Park Designers’ Handbook, and has written and presented several specialist papers to
promote the betterment of car parks.

Chris was chairman of the BPA's Parking Structures Group. He was presented the Ernest Davies Award in 2006 for
advancing parking knowledge, and ultimately the BPA's Lifetime Achievement Award in 2015, for his outstanding
contribution to the sector.




iv | The Institution of Structural Engineers
Car park design

The authors

Peter Guest

Peter has been involved in parking for more than 50 years. Starting in policy research at the GLC in 1972 he
was later involved in street parking management. He became involved in parking technology — as a member

of, and later chairman of — the British Standards Committee, and the UK’s representative on the European
committee. He moved to consultancy in 1987 and worked both in the UK and internationally, including World Bank
studies in Europe and Asia. He joined a specialist car park design consultancy in 1997 as a partner, working on
projects dealing with all aspects of parking. Since 2003 Peter has been self-employed. During this period, he designed
and procured the Abu Dhabi Parking programme MAWAQIF, probably the biggest parking project in the world. In

2023 Peter received the BPA's Lifetime Achievement Award. He is now semi-retired but continues to write for Parking
Today, and is a member of the Temecula Group; a US parking industry think tank.

Dan Gullock

As project architect at Arup Associates and Hawkins\Brown, Dan worked on nationally significant transport
infrastructure projects including the High Speed 2 Birmingham Interchange and Liverpool Street and Tottenham
Court Road Crossrail Stations. As co-director and founder of Fatkin, he has subsequently designed and delivered
multiple transport hub and movement strategy projects across the UK for clients including Network Rail, various
NHS Trusts, Local Authorities, universities and major developers. Dan regularly undertakes architectural CRE
duties on Network Rail projects and has an extensive knowledge of car park construction. He is passionate about
innovation and design quality.

Alan McBryan

Alan is a Regional Director in the AECOM London office with over 25 years’ experience in the design and delivery
of building services projects. With a broad range of experience from master-planning and concept designs through
to detail design and construction activities, Alan’s experience on projects ranges from offices, data centre/mission
critical, mixed use, retail, through to industrial and leisure projects and of course car parks. An electrical engineering
graduate from The University of Birmingham, Alan has spent part of his career in Dublin and Singapore, but is most
familiar with the UK, having joined the AECOM London team in 2004. Alan’s recent experience is in leading AECOM
teams on major projects and he is comfortable dealing with all aspects of buildings including sustainability and fire,
as well as core building services systems.

Fiona Petch

Fiona is a co-director and founder of Fatkin, an architecture practice specialising in transport infrastructure and
healthcare design. She is experienced in planning strategy, stakeholder engagement and public consultation. Based
in London, Fiona is passionate about active travel and sustainable design in transport across rural and urban areas.
She is committed to broadening access to architecture and transport design for people not traditionally represented
in these industries, and is a mentor to young people and visiting lecturer at institutions including the London School
of Architecture and the University of the West of England.

Peter Robery

Peter is currently founder director of Robery Forensic Engineering Ltd and Visiting Professor in Forensic Engineering
at the University of Birmingham. Formerly he was Technology Director for Transportation-Europe with Halcrow/
CH2M Hill specialising in concrete materials technology, durability, inspection, testing, repair and protection of
structures. He has worked for Maunsel/AECOM, Harry Stanger and Taylor Woodrow Construction. A Past President
of The Concrete Society, Peter is currently Chair of BSI B/517/8 (Concrete protection and repair). He teaches
concrete deterioration, maintenance and repair at the Universities of Birmingham and Leeds. Peter served on the
Task Group of the IStructE’s 3rd and 4th editions of Design recommendations for multi-storey and underground car
parks, as well as the Steering Committee for the first and second editions of the ICE’'s Recommendations for the
Inspection, Maintenance and Management of Car Park Structures.




The Institution of Structural Engineers | v
Car park design

The authors

Russell Simmons

A Chartered Construction Manager and Chartered Building Engineer, Russell is the founder of Stripe Consulting who
specialise in the car park built environment. He has been chair of the Parking Structures Group at the BPA for 10
years and also chairs the suicide prevention group and fire risk in car parks group. He has contributed to industry
publications, appeared on television and spoken at many high-profile events on the subject of car park design

and construction. He is a winner of Parking Professional of the Year, and Young Parking Professional awards. In
2019 Russell joined the large construction group Ballast Nedam and started Ballast Nedam Parking Ltd in the UK
and grew the car park design and build division from £0 to over £20M revenue. Russell is currently CEO of Ballast
Nedam UK, which is the parent group for multiple Ballast Nedam business units in the UK.

Jeff Stewart

A Chartered Structural Engineer and past chair of the IStructE’s Southern Regional Group, Jeff is currently the
Technical Director of Ballast Nedam Parking Ltd, part of the Ballast Nedam UK Group, who specialise in the design
and construction of multi-storey car parks. He has over 25 years’ experience in the design and construction of
multistorey car parks — having held senior roles in some of the UK’s leading car park specialist design-and-build
contractors over this period. Jeff was also part of the IStructk Task Group responsible for the 4th edition of Design
recommendations for multi-storey and underground car parks.

Chris Watkins

Chris is a senior consultant within Arup’s Access and Inclusive Design team. He has been working in the equality
and inclusion field with a focus on disability equality since 2010, including as an NRAC accredited access consultant
since 2018. He currently specialises in inclusive design in public realm and transport infrastructure, focusing on
streetscape, rail and aviation sectors. His current projects include assessing the impact of public infrastructure on
equality and inclusion for different gender and LGBTQIA+ groups, and ensuring that the needs of people who rely on
private vehicles and cycles as a mobility aid are considered in the design of our towns and cities.




vi | The Institution of Structural Engineers
Car park design

Acknowlegements

The Institution would like to thank Matthew Shum for his work in creating:
Figures 4.4, 51, 5.4-5.11,11.1,11.2, 11.4, 11.5, 11.7-11.10 and 11.14.

Permission to reproduce the following has been obtained, courtesy of these individuals/organisations:
Front cover photo: Veranda car park, Rotterdam, The Netherlands ©Paul de Ruiter Architects, photography by Rien
van Rijthoven

Figure 0.1: Historic England Archive

Figure 0.2: ©Health and Safety Executive. Contains public sector information licensed under the Open Government
Licence v3.0.

Figures 1.1, 1.3b, 5.13-5.24, 9.1, 12.3, 12.6 and 16.1: ©Stripe Consulting
Figure 1.4b: ©Aliaksandr Yarmashchuk (iStock)

Figure 1.5: ©Beeldbewerking (iStock)

Figure 4.1: ©bilanol (iStock)

Figure 4.2: ©Trainman111 (iStock)

Figure 4.3: ©Richard Chivers Photography

Figure 4.5: ©rumruay (Adobe Stock)

Figure 4.7: ©Andrii Shepeliev (iStock)

Figure 4.8: ©MaHa Heang 245789 (Adobe Stock)

Figure 4.10: OTriflex (UK) Ltd

Figure 5.2: ©Andrii Koval (iStock)

Figure 5.3a: Cycle-works

Figure 5.3b: ©y-studio (iStock)

Figure 7.1: ©Merseyside Fire & Rescue Service

Figure 8.1: Derived/adapted from PAS 2080 (BSI)

Figures 8.2 and 8.3: ©Greater London Authority. Contains public sector information licensed under the Open
Government Licence v3.0.

Figure 8.4: ©Depict Photography

Figure 8.5: ©Rasmus Hjortshgj (Coast Studio)

Figure 9.2: ©British Parking Association

Figure 9.3: ©silkwayrain (iStock)

Figure 11.3: Paul Bunch/Alamy Stock Photo

Figure 11.6: Bourne Group Ltd

Figure 11.11: ©cbglp2 (iStock)

Figure 11.12: ©Casanowe (iStock)

Figure 12.5: ©Ballast Nedam Parking Ltd

Figures 13.1a, 13.1b and 13.2: Derived/adapted from BS 7346-7 (BSI)
Figure 13.3: ©OFahroni (iStock)

Figure 16.2: OINTEGRA-pw/projekt w - Systeme aus Stahl GmbH
Figure 17.1: ©Sika

Figure 17.2: ©Concrete Repairs Ltd

Figure 18.1: ©Accuris

Figure 20.1a: Wikimapia.org

Figures 20.2, 20.3 and 20.5: Wohr Parking Systems

Table 1.1: ©Rushmoor Borough Council

Table 3.1: Derived/adapted from Table 2 of the Department for Transport’s Traffic Advisory Leaflet 5/95.
Table 8.1: Eco.Zero™ (AECOM)

Table 11.3: Derived/adapted from BS 8500 (BSI)

Table 11.5: Derived/adapted from the NSCS and Table F4 of BS 13670 (BSI)

Table 17.1: ©The Concrete Society (TR22 4th ed, 2010).

Permission to reproduce extracts from British Standards is granted by BSI. British Standards can be obtained in PDF
or hard copy formats from the BSI online shop: www.bsigroup.com/Shop




The Institution of Structural Engineers

vii

Car park design

Contents

Foreword XV

Mark Pundsack

Foreword Xvi

Kelvin Reynolds

Definitions and acronyms Xvii

Part 1: Conceptual design

Introduction 1
General 1
Background 1
Scope 3

1 Developing the brief/the design process 5
1.1 Introduction 5
1.2 Health and safety 5
1.3 Understand the need/establish the size 5
1.4 Consider other uses 8
1.5 Determine site geometry and constraints 9
1.6 Planning and Building Regulations 11
1.7 Sustainability 11
1.8 Accessibility 12
1.9 Futureproofing 12
1.10 End of life 13
1.11 Vehicular traffic flows 15
1.12 Pedestrian movements 17
1.13 Building Services 17
1.14 Signage 18
1.15 Wayfinding 18
1.16 Floor plate design 18
1.17 Building design 19
1.18 Expected design service life and asset management 19
1.19 Planning process 20
1.20 Detailed design and construction programme 20

2 Feasibility 24
2.1 Introduction 24
2.2 Technical feasibility 24
2.3 Financial feasibility 25
2.4 Other factors 25




viii | The Institution of Structural Engineers
Car park design

3 Inclusive design (conceptual design)

3.1
3.2
3.3
3.4
3.5
3.6
3.7
3.8
3.9
3.10

4 Internal planning (and management of traffic and pedestrians)

4.1

4.2

4.3

What is inclusive design?

Inclusive design strategy

Statutory background

Anticipating the access needs of users
Accessible parking and the Blue Badge scheme
Inclusive design for vehicles

Size of wheelchair accessible vehicles
Provision of accessible parking bays
Drop-off points

Inclusive design for pedestrians

3.10.1 Horizontal circulation

3.10.2 Vertical circulation

Introduction

4.1.1 Vehicle speed

4.1.2 Static and dynamic capacity
4.1.3 Aisle capacities

4.1.4 Ramp and accessway capacities
4.1.5 Bay turnover

4.1.6 Vehicle reservoir at entrance
4.1.7 \ehicle reservoir at exit

4.1.8 Design variations

Traffic management

4.2.1 Entry and exit

4.2.2 Rising step barriers and rising bollards
4.2.3 Speed shutters

4.2.4 Speed control

4.2.5 Pedestrians

4.2.6 Closed-circuit television

4.2.7 Customer help points

Lifts and stair cores

4.3.1 Lifts

4.3.2 Stair cores

5 Design geometry and layout

5.1
5.2

5.3

Introduction

Vehicles

5.2.1 Cars and light vans

5.2.2 Wheelchair accessible vehicles (WAVS)
5.2.3 Motorcycles

5.2.4 Cycles and electric scooters
Geometry

5.3.1 Introduction

5.3.2 Bay width and length

27
27
27
27
27
28
28
29
29
30
30
30
30

31
31
31
31
33
34
34
34
35
35
35
36
38
38
39
39
41
41
41
41
42

43
43
44
44
44
44
46
49
49
49




The Institution of Structural Engineers

ix

Car park design

5.3.3 Accessible parking areas 50
5.3.4 Aisle width and bin width 50
5.3.5 Deck and pedestrian ramp gradients 51
5.3.6 Clearance to the structure 51
5.3.7 Column location 52
5.3.8 Headroom 52
5.3.9 Ground clearance 54
5.3.10 Vehicle ramp requirements 54
5.3.11 Entry and exit arrangement 57
5.3.12 Kerbs 58

5.4 Layout 60
5.4.1 Design principles 60
5.4.2 Cul-de-sac parking 60
5.4.3 Dirive aisles 60
5.4.4  \ehicle ramps 61
5.4.5 Circulation 62
5.4.6 Parking angle 63
5.4.7 Choice of layout 63

6 Integration of building services (conceptual design) 76
6.1 Introduction 76
6.2 Design activities 76
6.3 Engineering services strategy 76
6.3.1 Mechanical services 76
6.3.2 Electrical services 7
6.3.3 Public health services 78
6.3.4 Fire protection services 78
6.3.5 \Vertical transportation 78
6.3.6 T, security and specialist services 78

6.4 Sustainability and energy position 79
6.5 Plant replacement 79
7 Fire considerations (conceptual design) 80
7.1 Background 80
7.2 Legislation 81
7.3  General principles 81
7.4  Specific issues 82
8 Sustainability and environmental considerations 83
8.1 Introduction 83
8.2 Net zero carbon 83
8.3 Circular economy 85
8.3.1 Long life expectancy 86
8.3.2 Short life expectancy 86
8.3.3 Design for disassembly 87




x | The Institution of Structural Engineers

Car park design

8.4 Embodied carbon 87
8.5 Operational carbon 89
8.5.1 Energy strategy 89
8.5.2 Electric vehicle (EV) charging 89
8.5.3 Renewables 89
8.5.4 Energy storage 89

8.6 Greening and biodiversity 89
8.6.1 Sustainable drainage systems (SuDS) 90
8.6.2 Rainwater harvesting 90
8.6.3 Green roofs and walls 90

8.7 Certification and verification 91
8.7.1 BREEAM Infrastructure 9N
8.7.2 Living Building Challenge 92

8.8 Operational performance verification 92
8.9 Offsetting 92
9 Safety and security 93
9.1 Introduction 93
9.2 Obligations on designers 93
9.2.1  The Town and Country Planning Act 93
9.2.2 The Building Regulations 93
9.2.3 The Construction (Design and Management) Regulations 2015 94

9.3 Obligations on owners/operators 94
9.3.1  Occupiers Liability Act 94
9.3.2 Health and Safety at Work etc. Act 94

9.4 Primary risks 95
9.4.1 Slips, trips and falls 95
9.4.2 Suicide 96
9.4.3 Theft 96
9.4.4 Personal attack 96
9.4.5 Drug abuse and anti-social behaviour 96
9.4.6 Pedestrian-vehicle conflict 96
9.4.7 Containment of vehicles 96
9.4.8 Terrorism 97
9.4.9 Fire 97

9.5 Designing out risk 97
9.5.1 Risk-assessed approach 97
9.5.2 Park Mark® 97

9.6 Potential design solutions 99
9.6.1 Slips, trips and falls 99
9.6.2 Vehicle impact 99
9.6.3 Criminal activity 99

9.6.4 Pedestrian-vehicle conflict

99




The Institution of Structural Engineers | xi

Car park design
10 Futureproofing 103
10.1 Introduction 103
10.1.1 Vehicle ownership vs. hiring/autonomous 103
10.2 Vehicle design 103
10.2.1 Means of propulsion 103
10.2.2 Vehicle sizes and weights 104
10.2.3 Autonomous vehicles 104
10.3 Car park design 105
10.3.1 Multi-functional use 105
10.3.2 Entry/exit controls and payment systems 105
10.3.3 Speed control and containment 105
10.4 Services 106
10.5 Fire considerations 106
10.6 Purposing and repurposing 107
Part 2: Detailed design
11 Design and construction 111
11.1 Loading 111
11.1.1  Introduction 111
11.1.2  Uniformly distributed loads 111
11.1.3  Wind loads 111
11.1.4 Lateral loads from vehicles 112
11.1.5 Ground pressures 112
11.1.6  Punching shear from jack or wheel loads 112
11.1.7  Load combinations for common design situations 112
11.1.8 Load combinations for uncommon design situations 113
11.1.9 Resistance to explosions 113
11.1.10 Landscape loading 113
11.2 Other considerations 114
11.2.1 Disproportionate collapse 114
11.2.2 Response to vibration 114
11.3 Designing for movement 114
11.3.1 General 114
11.3.2 Deflection 115
11.3.3 Temperature 115
11.3.4 Temperature effects 1156
11.3.5 Shrinkage 116
11.3.6 Creep 117
11.3.7 Movement joints 117
11.4 Structural materials 118
11.4.1 Introduction 118
11.4.2 Concrete construction 118
11.4.3 Steel construction 118

11.4.4 Composite construction 118




xii | The Institution of Structural Engineers

Car park design
11.5 Designing for construction 118
11.5.1 Above-ground car parks 118
11.5.2 Underground car parks 127
11.6 Lean design 129
11.6.1 Introduction 129
11.6.2 Utilisation of materials 129
11.6.3 Substructure 130
11.7 Deconstruction 130
11.7.1 Introduction 130
11.7.2 General 130
11.8 Drainage 130
11.8.1 Introduction 130
11.8.2 General 131
11.8.3 Required falls 131
11.8.4 Parking areas 131
11.8.5 Ramps and circulation areas 132
11.8.6 Pedestrian areas 132
11.8.7 Rainwater goods 132
11.8.8 Petrol interceptors 132
11.9 Joints 132
11.9.1 General 132
11.9.2 Proprietary movement joints 133
11.9.3 Sealants 133
11.9.4 Construction joints and non-structural cracking 133
11.10 Durability 134
11.10.1 General 134
11.10.2 Concrete durability 134
11.10.83 Structural steel durablity 140
11.10.4 Basements and buried structures 142
11.10.5 Concrete finishes 142
11.10.6 Membranes and coatings for concrete 146
11.11 Temporary and demountable car parks 151
11.11.1 General 151
11.11.2 Performance criteria 151
11.11.3 Inspection and maintenance 151
12 Guarding and containment 152
12.1 Introduction 152
12.2 Vehicle restraint barriers 152
12.2.1 Types of edge protection 152
12.2.2 Required performance 155
12.2.3 Barriers at the ends of long straights 157
12.2.4 Barriers in close proximity to vehicle ramps 157
12.2.5 Barriers opposite the ends of long vehicle ramps 157
12.2.6 Fixings for vehicle restraint barriers 157
12.2.7 Compliance testing and certification 158




The Institution of Structural Engineers | xiii

Car park design

12.3 Pedestrian guarding 158
12.3.1 Purpose of guarding 158
12.3.2 Required performance 158
12.3.3 Holding down bolts 159

13 Integration of building services (detailed design) 160
13.1 Mechanical services 160
13.1.1 Heating 160
13.1.2 Ventilation 160

13.2 Electrical services 163
13.2.1 Lighting 163
13.2.2 Power 164
13.2.3 EV charging facilities 165
13.2.4 Fire alarm systems 166
13.2.5 Lightning protection/earthing 166

13.3 Public health services (drainage) 167
18.4 Fire protection services 167
13.5 Vertical transportation 167
13.6 Sustainability and energy position 167
14 Fire considerations (detailed design) 169
14.1 Introduction to fire safety engineering 169
14.2 Risks from fire 169
14.3 Means of escape 169
14.4 Structural fire resistance 171
14.5 Compartmentation 172
14.6 Firefighting 172
14.7 External fire spread 173
14.8 Management 174
15 Inclusive design (detailed design) 175
15.1 Design of accessible parking bays 175
15.2 Speed calming measures 175
15.3 Accessible EV charging 176
15.4 Wayfinding and signage 176
15.5 Pedestrian comfort 177
15.6 Ticket machines and barriers 177
15.7 Staffed facilities 178
15.8 Sanitary facilities 178
15.9 Inclusive means of escape 178
16 Suicide prevention 179
16.1 Introduction 179
16.2 Current guidance and responsibilities 180
16.3 Designing Out Crime Officers 180

16.4 Design considerations 180




xiv | The Institution of Structural Engineers
Car park design

16.5 Practical solutions
16.5.1 Physical barriers
16.5.2 Geofencing
16.5.3 Signage
16.5.4 Visibility

16.6 Costs

16.7 Legal issues/liability

17 Quality control during construction

17.1 General

17.2 In situ concrete quality
17.2.1 Introduction
17.2.2 Construction tolerances
17.2.3 Ordering concrete
17.2.4 Placing and compaction
17.2.5 Bleeding and plastic cracking
17.2.6 Protection and finishing
17.2.7 Movement provision
17.2.8 Curing

17.3 Steel framing
17.3.1 Precast concrete units
17.3.2 Concrete composite decking

18 Asset management

18.1 Introduction

18.2 Car park deterioration and maintenance

18.3 Life-care plan at new-build
18.3.1 Handover information pack
18.3.2 Initial life-care plan
18.3.3 Condition survey and structural appraisal
18.3.4 Maintenance options
18.3.5 Development of the LCP

18.4 Upgrading existing structures

19 Upgrading and modifying existing structures
19.1 Introduction
19.2 Upgrading (extending existing use)
19.3 Modifying (enabling alternative use)
19.4 Disassembling/relocating

20 Special structures
20.1 Introduction
20.2 Robotic car parks
20.3 Echelon, valet or block parking
20.4 Stacker parking systems
20.5 Paternoster car parks

References

181
181
182
183
183
183
183

184
184
184
184
184
185
186
187
187
188
189
189
189
190

191
191
192
192
193
193
195
196
196
196

198
198
198
200
202

204
204
204
207
208
209

210




The Institution of Structural Engineers | xv
Car park design

Foreword

It has been my pleasure to chair the contributors group for this Car park design guidance. As a Building Control Officer
(and therefore not a car park expert!) it has been a huge learning experience and | marvel at the depth and breadth of
knowledge that The Institution of Structural Engineers can convene.

The brilliant and expert contributors group have produced something which is useful and meaningful to everyone who
is involved in the design of car parks.

We have deliberately split the book into ‘conceptual’ and ‘detailed’ design so that those who wish to understand

the concepts, such as clients, project managers and architects can do so without having to wade through the nitty
gritty. We also ensure there is enough nitty gritty for structural engineers, services engineers and those involved in the
delivery of projects to get their teeth into.

It is also my fervent wish that students and those starting out in their careers will find this book as illuminating as | have
found the process of putting it together to be.

i

Mark Pundsack
Chair
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Foreword

It is my pleasure and privilege to introduce this Car park design guidance.

| have known some of the contributors for several years and they have impressed me with their ability and experience
in the world of parking structures. They are leading contributors to the British Parking Association’s Parking Structures
Group.

Being a civil engineer, | admire the tenacity of my professional colleagues and their peers to design and deliver ever
safer parking structures. As a motorist, | simply want to be able to park my car efficiently and effortlessly somewhere

| feel intuitively safe and welcome. | want to be able to get to and from my parking spot within the car park easily. Also,
| want car parks (especially those contained within buildings) to improve the public realm and not be an eyesore.

It is fitting that The Institution of Structural Engineers has chosen to completely revise, refresh and rename its original
publication Design recommendations for multi-storey and underground car parks. So much has changed since it
was originally published. Simply updating and creating a fifth edition would be to ignore contemporary consumer
expectations and the new materials now being used in the construction of vehicles and buildings.

There are important safety and economic implications of the increasing size and weight of the “average vehicle” up
from 1.5t in 1974 to almost 2t today. These increased loadings and the changing fire safety requirements are all
considerations not just for new car parks but in the thousands which already exist today.

Environmental sustainability means energy-saving lighting, water recycling and air quality monitoring becoming
desirable features. Add in greenery from planters and pots through to living walls, and the look and feel of our
car parks is transforming. We need to support car sharers and active travel choices with special parking bays,
including secure cycle and motorcycle parking and EV charging.

Accessibility and equalities considerations mean special bays for people with disabilities, parents/carers with children,
better way-marked pedestrian routes and more.

Crucially, the health and welfare of everyone who uses our parking facilities is paramount, and so out of necessity,
sadly, there is also a need to include advice and guidance on managing the risks of people falling from height and the
prevention of suicide in car parks.

This guide will be a valuable resource and reference for car park architects, engineers, developers, funders, and those
who service and maintain these facilities. It should be of interest to parking operators in the public and private sector,
across central and local government. Likewise in retail and leisure; healthcare and higher education; railways and
airports — in fact, everyone who needs to understand what is going on in the world of car park design.

To some, it's a matter of creating something which is safe and sound, to others it is a work of art: in combination we
have the potential for parking masterpieces.

There seems to be everything you need to know in this publication, which is a world leader in its advice, advocacy,
and approach and which should be the ‘go to’ reference for everyone with an interest in new and existing car parks. |
commend it to you all.

Kelvin Reynolds, I.Eng., FIHE, FRSA, FBPA, DipHTE (Middx).

Chief Technical Services and Governance Officer

British Parking Association
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Lifetime Achievement Award.

winner
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Definitions and acronyms

Accessway: carriageway not adjoining bays and used solely for the movement of vehicles.
Aisle: an accessway serving adjoining bays.

Angled parking: where parking bays are at an angle less than 90° to drive aisle.

ANPR: automatic number plate recognition.

Bay: parking area, exclusive of aisle or other adjoining area, allocated to one vehicle.

Bay turnover: number of times a parking bay is occupied within a 24-hour period.

Benchmark inspection: post-construction assessment of a car park’s durability — entailing the comparison of
as-built structural records and survey results, with the original designs and specifications in the handover information
pack (HIP) — enabling future inspection and maintenance programmes to be defined.

Bin: two rows of bays with the access aisle running between them. A half-bin is one row of bays and the aisle serving
them.

CE mark: a form of product identification that:

e |ndicates that the manufacturer has checked the product meets EU safety, health or environmental requirements
e |s an indicator of a product’s compliance with EU legislation
e Allows the free movement of products within the European market

Note: from 1 January 2025 the CE mark is expected to be replaced by the UK conformity assessed (UKCA) mark, in
England, Scotland and Wales.

Clearway ramp: a ramp system that does not include an aisle in its circulation and which provides unencumbered
access between the parking floors and an entrance or exit.

Churn: see Bay turnover.

Condition survey: visual examination of all accessible areas and associated fabric/elements, and measurement of
evidence of deterioration, including any structural investigation.

Cross aisles: aisles which interconnect the main drive aisles (generally at 90°).

Daily surveillance: visual observation and reporting of equipment breakdown, obvious deterioration and damage to
the structure, cladding and edge protection, and vandalism/general misuse of the facility.

Deck: Slab or floor at any level.

Design service life: intended working life of the structure, as set out in the design brief, on which recommmended
values for parameters such as concrete class and minimum cover for durability have been chosen to give a low-risk of
reinforcement becoming excessively corroded and requiring significant repair.

Dynamic capacity: applicable to individual parts of a car park or to the building as a whole. It is the maximum flow
per hour of vehicles (or where appropriate, people) that can be accommodated.

Dynamic efficiency: measure of the ability of a car park to process vehicles under standard operating conditions.
Echelon parking: see Angled parking.
Gross vehicle mass/weight: mass/weight of vehicle plus passengers and luggage.

Ground clearance: shortest distance between lower part of vehicle body/chassis and road when vehicle is unladen.
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Inclusive design: the design of mainstream products and/or services that are accessible to, and usable by, as many
people as reasonably possible without the need for special adaptation or specialised design.

Inspector: person competent by virtue of a combination of qualification, experience and training to undertake
condition surveys. May be employed by the same or a different organisation from the engineer. Will usually be an
experienced (Chartered) civil or structural engineer.

Lean design: avoiding overdesign and achieving greater utilisation ratios of structural elements, including foundations.
Life-care plan: long-term plan for the implementation of an inspection maintenance strategy.
Lighting efficacy: measure of how well a light source produces visible light.

Local planning authority (LPA): local government body empowered by law to exercise urban planning functions for
a particular area.

MSCP: multi-storey car park.

Oblique parking: see Angled parking.

PARCS: parking access and revenue control systems.

Parking angle: angle between the length of a bay and the aisle from which it is served.

Parking ramp: inclined section of deck that forms part of a ramping system and has a gradient shallower than 1:20.
Pedestrian ramp: inclined surface for use by pedestrians to access a change in level.

Ramp: accessway (or less commonly aisle) connecting parking areas at different levels.

Reservoir: accessway where cars may queue without obstructing movements in other parts of a car park or the
external highway system. May also be described as a ‘vehicle reservoir’.

Routine inspection: regularly scheduled visual inspection of a car park structure, cladding, edge protection and any
other defined aspects of the facility.

Routine maintenance: periodic activity intended to prevent or correct the effects of minor deterioration, degradation
or mechanical wear of the structure or its components.

Standard design vehicle (SDV): any vehicle that falls within a set of dimensions applicable to 95% of vehicles
currently in use in the UK.

Static capacity: total number of bays.

Structural appraisal: evaluation of the structural adequacy of a car park structure, cladding and/or edge protection
taking into account its environment, likely usage, extent of deterioration and anticipated design service life.

Switchroom: area containing an assembly of electrical equipment for control and protection of electrical circuits.
Turning circle: diameter of the swept path by outermost part of vehicle when on maximum steering angle.

Vehicle ramp: inclined surface for use by vehicles to access parking decks at different levels, that has a gradient
steeper than 1:20.

Vertical circulation module (VCM): module comprising two parallel internal longitudinal parking ramps
interconnected by a transverse vehicle ramp.

Wearing screed: structural concrete applied in situ to concrete or precast units to act compositely with them and to
form the finished flooring, as defined in BS 8204. Formerly known as a ‘structural topping’.

Wheelchair accessible vehicle (WAV): vehicle that has been specially adapted to enable a wheelchair user to travel
safely and comfortably while seated in their wheelchair.




