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Reflectance
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Thermal comfort

Diurnal temperature variation

Fabric energy storage

Perimeter zone
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GLOSSARY

Air stratification

HVAC

Radiant cooling

Thermal mass
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Typical Applications
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Vaulted ceilings utilised in an  
open office environment.
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INTRODUCTION





PORTLAND HOUSE, SOLIHULL
TARMAC HEAD OFFICE
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Client:   Tarmac 

Developer:  Stoford Developments 

Architects:  Webb Gray and Vincent and Gorbing 

Year:   2007 

Office space:  5,570 m² 

Project Value:  £22 million 

Green Rating:  BREEAM Office ‘Very Good’
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Illustration of the layout of  
Portland House utilising vaulted ceilings  

and air displacement ventilation
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Diagram right:
Representation of the effect that thermal mass  
has on thermal comfort 11.

THERMAL COMFORT
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INTEGRATION OF SERVICES
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IMPROVED VENTILATION
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IMPROVED VENTILATION

Through the integration of vaulted ceilings in 
HVAC systems, improvements in ventilation 
quality can be achieved, due to the action of 
air displacement. The availability of thermal 
mass improves the operation of an air 
displacement system due to its heat energy 
storage capacity15. With this system air is 
introduced into the under floor void which in 
turn flows into the room via floor diffusers.

Introduced air is cooler than required for 
thermal comfort and creates a layer of cool 
air at floor level. As this air enters it displaces 
the warm air above it, which has been slowly 
warmed by heat emitters within the room. 
This displacement creates a chain effect 
displacing the warmer air above it, until it is 
trapped within the vaults of the ceiling.

This hot air is extracted at ceiling level where 
it is either removed or re-circulated with fresh 
air. As it comes into contact with the thermal 
mass in the vaulted ceiling and the exposed 
under floor slab it is cooled to required 
temperatures16.

This process creates an air flow due to air 
stratification, which prevents the mixing 
of warm air with cooler, fresher air within 
the building, improving the quality of air 
at occupied levels13. Care must be taken to 
ensure that introduced air is not too cold 
as this can create of cold spots or short 
circuiting of air flows, typically present with 
air conditioning systems17. Floor diffusers avoid 
this issue as they can be spread evenly around 
office areas, whereas air conditioning systems 
typically only provide a fixed source of air. Cool fresh air enters the room through floor diffusers

Hot contaminated air is removed

Air rises as it is  
warmed by  
occupants  
and equipment

Temperature
gradient

Illustration demonstrating the flow of air within occupied 
spaces and the subsequent temperature gradient.

Illustration demonstrating the flow of air within occupied spaces 
and the subsequent temperature gradient.





ADAPTABILITY TO FUTURE  
CLIMATE CHANGE
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STRUCTURALLY EFFICIENT

When compared to conventional flat slabs, 
vaulted or profiled slabs can utilise less 
material to fulfil the same specification 
requirements. This is achieved due to the 
sectional geometry that exists with vaulted 
and profiled slabs, which provides a higher 
bending resistance. Material savings of up to 
50% can be achieved when conventional slabs 
are replaced with vaulted slabs. Savings can 
be transferred to other structural elements 
as reductions in weight can also reduce the 
performance requirements of supporting 
elements, in turn reducing the embodied 
impacts of the building†.

AESTHETICS

Vaulted ceilings offer a different  
architectural form to what can be achieved 
through traditional flat soffits, creating the  
opportunity to develop the aesthetic offering 
of exposed concrete.

Concrete by its nature is a versatile material 
which can be readily adapted and designed to 
meet architectural requirements whether a 
complex design or simply pigmentation. High 
quality finishes can be achieved through the 
use of specialised concretes, such as  
self-compacting concrete, which can 
accurately reflect formwork finishes (which 
can be enhanced using formwork liners).

Finite element anaysis of vaulted panel  
identifying steel requirements.

The analysis carried out on the vaulted panel was completed 
with Dlubal Structural and Dynamic analysis software. 

The vaulted panel was compared against a 9m span reinforced 
flat slab for the design of a multi-storey office development.
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STRESSES 
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Finite element anaysis of vaulted panel identifying steel requirements

The analysis carried out on the vaulted panel was completed with Dlubal Structural 
and Dynamic analysis software.The vaulted panel was compared against a 9m span 

reinforced flat slab for the design of a multi-storey office development
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Whilst the fundamental approach of concrete vaulted ceiling 
construction is not a complete step change from conventional 
methods, additional consideration is required when changing  
from a flat or composite slab with suspended ceilings. 
 
The following is not an exhaustive list but highlights  
some key subjects that should be considered prior to  
and during construction.
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VENTILATION STRATEGY
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THERMAL MASS
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Conran K Partners
Varsity Hotel, Ca mbridge
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BES 6001*

ISO 14001

RECYCLING
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SUSTAINABILITY ASSESSMENT SCHEMES
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Man 03: Responsible construction practices MR Credit 4: Recycled content

Hea 01: Visual Comfort
ff
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MR Credit 5: Regional materials

Ene 01: Reduction of CO2 Emissions IEQ 8.1: Daylight and Views – Daylight
ff

C Mat 03: Responsible sourcing of materials

Wst 02: Recycled Aggregates



PEOPLE

SOLUTIONS

Safety and health 
Our people 
Community involvement

PERFORMANCE

Economic value 
Governance and ethics 
Communication

PLANET

Climate change 
Environmental stewardship 
Resource efficiency

Sustainable supply chain 
Innovation and quality 
Sustainable construction
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People, Planet, Performance 
and Solutions
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OUR SUSTAINABILITY  
STRATEGY

FOUR THEMES
Twelve key priorities

Forty four other performance targets

Twelve commitments

Twelve 2020 milestones



1. US Department of Energy – Radiant Cooling 

2. The Mineral Product Association and  
The Concrete Centre 

3. Marceau, M. and Vangeem, G.
fl

4. Health and Safety Executive 

5. Reinforced Concrete Council 
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6. Center for the Built Environment, University of 
California 
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7. Hacker, JN, Belcher, SE and Connell, RK (2005)
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8. The Government’s Energy Efficiency Best Practice 
programme
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9. From reactive to proactive: quantifying  
on-site benefits of self-compacting concrete 
(SCC)

10. The Mineral Product Association and The Concrete 
Centre

11. European Project ThermCo  

12. GreenSpec® – Thermal Mass (2013)

13. Center for the Built Environment, University of 
California
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14. European Concrete Platform 
ffi fi

15. The Concrete Centre

16. Hamilton, S., Roth, K. and Brodrick, J.,
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17. BSRIA ff

ff

18. Hulme, M., Jenkins, G.J., Lu, X., Turnpenny, J.R., 
Mitchell, T.D., Jones, R.G., Lowe, J., Murphy, J.M., 
Hassell, D., Boorman, P., McDonald, R. & Hill, S.
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19. City of Melbourne

20. Irish Concrete Federation

21. European Concrete Platform

22. CONSTRUCT Concrete Structures Group
fi

23. The Mineral Product Association and The Concrete 
Centre on behalf of The Sustainable Concrete 
Forum

24. GreenSpec®

25. Green Book Live

26. The Carbon Trust

27. ISO 14001
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28. The Mineral Product Association and The Concrete 
Centre Concrete, Material Efficiency (2010)



‘Tarmac’ and the ‘circle logo’ are registered trademarks. 
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  T3 Trinity Park 

Bickenhill Lane  Birmingham  B37 7ES

For more details visit tarmac.com/contact

TARMAC.COM


