
The Modern Masonry Alliance (MMA) is a body that seeks to ensure 
developers and designers, customers and occupants understand the 

benefits of masonry solutions. It provides guidance on design of 
masonry and furnishes government and influencing organisations 
with the evidence of how masonry can contribute to a sustainable 

built environment. 

Founding association funders of MMA are Aircrete Product 
Association, Brick Development Association, Concrete Block 

Association and Mortar Industry Alliance.

For more information visit

www.modernmasonry.co.uk
Follow us on  @masonrymodern
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Further Reading

Sustainability Matters

Factory made concrete including 
concrete masonry is the scope 
for British Precast’s annual 
sustainability report covering 
production impacts and 
improvements for these locally 
manufactured products.

Download from 
www.britishprecast.org

BDA Sustainability 
Report

The Brick Development Association’s 
annual sustainability report reflects 
the activities of its members, 
which account for 95% of brick 
manufacturing capacity in the UK. 
Detailed information on objectives, 
targets and current performance 
are all covered in the report.

Download from 
www.brick.org.uk

Fabric and services options for energy and carbon compliance

Thermal Performance: 
Part L1A 2013

Thermal Performance  
Part L1A 2013
Published by:  
MPA The Concrete Centre, 2014

This guide focuses on concrete 
and masonry housing, and 
presents a range of solutions for 
meeting current and anticipated 
requirements for Part L1A of the 
Building regulations.

Download from 
www.concretecentre.com

WHICH INSULATION?

Mineral Fibre and Glass Wool: 

Versatile product available as board or ‘quilt’. • 

Quilt materials easy to pack into awkward • 
voids within the construction.

Quilt materials can slump if not installed • 
correctly.

Thicker layers required to achieve U-value • 
compared to rigid foam board insulation.

Boards and quilts can be compressed during • 
installation to achieve a tight fit.

Blown and Loose Fill: 

Range of materials available including • 
expanded polystyrene beads and cellulose.

Blown into wall cavity after construction is • 
complete.

Quick and easy installation by specialist • 
contractors.

Care needed to prevent leaving voids. • 

Full fill cavity insulation may not be suitable in • 
some exposed locations.

Rigid Foam Board: 

Made from expanded and extruded • 
polystyrene or phenolic foam.

High levels of insulation with relatively thin • 
layer.

Easy to cut to shape but care needed to • 
ensure boards fit tightly together.

Thermal bypass can occur if gaps are left • 
between the insulation and the inner leaf.

Used with partial fill cavity construction. • 
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Airtightness means preventing  
air leaking through gaps and 
cracks in the external envelope 
and is defined by the rate at 
which air escapes when the 
building is pressure tested.  Air 
leakage results in the loss of 
heated air from inside the 
building and can significantly 
increase fuel use.

 Issue 5:

 Sequencing

Out-of-sequence services 
installation is a major cause of air 
leakage from buildings.  Holes 
and fixings for services can 
puncture airtightness barriers 
and can often be too awkwardly 
located to seal up afterwards. 

Properly planned projects 
include testing and inspections at 
key stages so that any remedial 
measures can be carried out in a 
timely and cost-effective manner.  
Early coordination between the 
designers and the construction 
team can help by agreeing 
suitable locations for services 
and developing strategies for 
effective making-good of any 
necessary openings.

 Issue 4:

 Airtightness

Good practice construction 
requires air permeability rates to 
be much lower than the 
maximum level set by Building 
Regulations.  A common strategy 
to improve airtightness is to 
clearly identify the airtightness 
barrier, which is the component 
within each part of the building 
envelope that provides an airtight 
seal.  Particular care is needed 
where one part of the airtightness 
barrier meets another.

It is essential to ensure healthy 
living conditions for the 
occupants through adequate 
ventilation, but air leakage should 
not be relied on to provide this, as 
it was in the past.  Instead, 
controlled ventilation either by 
natural or mechanical means 
should be provided in 
accordance with the Building 
Regulations.

 Issue 3:

 Thermal Bypass

Thermal bypass is the 
movement of unheated air 
within cavity party walls or 
through spaces such as 
under-floor voids and lofts, 
resulting in heat loss.

The thermal bypass occurs 
when the airtightness barrier 
does not follow the insulation.

Air leakage can occur around 
badly fitting components such 
as window frames.

Out-of-sequence work can 
prevent other work stages 
from being completed properly 
or damage work that has 
already been done, with 
serious consequences for 
the airtightness and thermal 
performance of the building 
envelope.

Before:

After:

A services installation through 
a wall resulting in a difficult-to-
seal air leakage path.

Each ‘element’ of the building 
envelope – a wall, a roof, a 
floor, a window or a door – has 
a role to play in minimising 
heat loss.  The insulating effect 
of each of these elements is 
measured by its U-value; the 
lower the U-value, the better its 
thermal performance.

Houses built today have 
high levels of insulation, 
double glazed windows and 
often highly efficient heating 
systems. However, new 
houses are not often tested to 
see whether they are as energy 
efficient as predicted.

Research* has indicated that 
some new homes do not 
always meet the required 
standard in practice.  So what 
can be done to close this 
performance gap?  

The answer lies partly in 
better detailing and good 
quality workmanship, 
but above all it requires 
everyone involved in the 
project to be sufficiently 
aware of the issues to 
enable them to do their job 
well.

Thermal bridging through a 
standard steel lintel.

 Key Issues Issue 2:

 Thermal Bridging

To conserve energy and to 
prevent cold spots where 
condensation and mould can 
form, thermal bridges need to be 
minimised.  It is not possible to 
avoid all thermal bridging, but  the 
effect can be minimised with 
careful detailing.  It is more 
difficult to avoid thermal bridging 
caused by poor workmanship, for 
example mortar snots in the 
cavity or missing insulation.  Even 
if thermal imaging cameras are 
used to detect the problem, it will 
often be too late to avoid 
expensive remedial works.

 Issue 1:

 Thermal Performance

The insulating effect of a 
building’s external envelope 
is normally the most important 
aspect of its thermal 
performance, since more heat is 
lost through the fabric than in any 
other way.

When U-values are calculated, 
the thicknesses and insulating 
properties for each of the different 
layers of material that make up 
the building element are taken 
into account, including fixings 
such as wall ties.

The phrase ‘thermal mass’ has 
become increasingly common in 
the context of best practice 
construction.  It refers to the 
ability of materials to absorb and 
store heat.  Heavy materials such 
as concrete, brick and stone have 
high thermal mass, which can 
help to stabilise internal room 
temperatures by absorbing 
excess heat from the air and 
releasing it slowly when 
conditions are cooler.  

Insulation
Airtightness zone

Air flow

Thermal bridge
Heat transfer

KEY

Heat loss through a wall.  
Increased levels of insulation 
will reduce the rate of loss.

There are two main types:

Non-repeating thermal bridges 
include items such as cills, lintels 
and jambs, which typically span 
between the inner and outer 
skins of a wall. 

Geometrical thermal bridges 
occur at junctions between 
building elements, such as 
between the walls and roof, 
and at changes of geometry, for 
example a corner in a wall or a 
hip in a roof.  

Thermal bridges or cold bridges 
are weak points in the building 
envelope where heat loss is 
worse than through the main 
building elements.  In a well 
insulated building thermal 
bridges can account for up to 
50% of all heat loss.

Building Low and Zero Carbon Homes in Masonry

FABRIC ENERGY EFFICIENCY STANDARD
Fabric energy efficiency is the foundation of the 
Government’s zero carbon homes policy.  It will ensure 
that all new homes are sufficiently well insulated and 
constructed to meet ambitious energy saving targets.  It 
will discourage the tendency to use low and zero carbon 
technologies as an alternative to energy efficiency 
measures, by requiring energy demand to be reduced 
first.
The diagram on the right illustrates the hierarchy of measures, which together form the approach to 
zero carbon.  ‘Carbon Compliance’ (a reduction in carbon emissions from 2006 levels) will be 
achieved by building homes to the Fabric Energy Efficiency Standard supplemented by on-site low 
and zero carbon energy sources.  Full zero carbon will be achieved through the provision of 
‘Allowable Solutions’, which include options for off-site renewable energy generation.  The Fabric 
Energy Efficiency Standard is a performance standard that can be achieved by a variety of 
approaches.  However, the guide gives an indication of the likely minimum U-value of each 
component of the building.

WHAT IS GOOD PRACTICE? 
Good practice in building can only be achieved through the collaboration of many parties 
throughout the processes of design, construction, assessment and commissioning.  These guides 
explain some of the improvements in building techniques and processes that will be necessary for 
the delivery of low and zero carbon housing.
The guide will help designers and builders who are familiar with the new Fabric Energy Efficiency 
Standard and now want to work up well-insulated and airtight solutions in masonry that anticipate 
the new requirements.  It is concerned with the fabric of homes as defined in the new Standard and 
does not deal with energy supply, heating or mechanical ventilation. 
This is the first in a series of guides, produced with the assistance of industry sponsors.  Each guide 
covers a different construction system and includes an explanation of the key issues, checklists for 
designers and contractors, together with a case study.

BUILDING LOW CARBON HOMES Copyright © Richards Partington Architects 2010.

Richards Partington Architects
www.rparchitects.co.uk

Guide 1: 

MASONRY
CASE STUDY: Derwenthorpe Phase 1, Yorkshire

The two prototype houses; one thin-bed 
masonry and one brick clad SIPs. 

Researchers carried out a series of tests 
including a co-heating test.

Installation of a cavity sock at the top of the 
party wall to prevent heat loss by thermal 
bypass.

Thermal imaging test undertaken to 
highlight areas of insulation requiring 
attention.
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The diagram above shows a 
thermal bypass effect at eaves 
level where cold air is able to 
permeate the insulation and carry 
away heat from the void between 
the insulation and the airtightness 
barrier.

Until recently, thermal bypass 
was not widely recognised and 
so there is currently no method 
available to estimate its effect.

However, there are 
straightforward design measures 
that will help to limit or even 
eliminate thermal bypass heat 
loss.  Ensuring that cavity walls 
are sealed top and bottom is 
essential.  In other situations 
such as roofs it is particularly 
important to ensure that any 
airtightness barrier follows the 
line of the insulation to avoid 
creating unheated spaces 
between the two.

Project Information
Two prototype houses built to trial alternative 
construction methods (one thin-bed masonry 
and one SIPs) ahead of the construction of a 540 
unit exemplar sustainable community on the 
periphery of York.

Developer: Joseph Rowntree Housing Trust. 
Research: Centre for Built Environment at 
Leeds Metropolitan University supported by 
Joseph Rowntree Housing Trust & Good 
Homes Alliance.

Specification
External wall:  U-value: 0.17 W/m2K
Roof:  U-value 0.15 W/m2K
Floor:  U-value 0.155 W/m2K
Windows:  U-value 1.34 W/m2K
Rooflights:  U-value 1.00 W/m2K
Doors:  U-value 1.00 W/m2K
Thermal bridging: y-value 0.04 W/mK
Airtightness: 3.27 m3/(h.m2)
Heating system:  High efficiency gas 
combination boilers (biomass district heating 
for main scheme)
Ventilation: Whole house Mechanical 
Ventilation with Heat Recovery (MVHR)

Research and Monitoring
The research team were closely involved 
at every stage of the project, which 
allowed them to make suggestions for 
improvements to the design, construction and 

commissioning processes, including:

• Parging layer – a thin coat of plaster applied 
to the inside face of the wall to reduce air 
leakage through the blockwork. The houses 
were tested before and after the parge coat 
was applied to assess its effectiveness.

• Thermal bridging calculations were carried 
out for all relevant details by the architects.  
The calculations showed that the details 
would, in theory, perform better than 
accredited details. They also helped the 
design team to investigate the effect of the 
complicated roof geometry.

The two prototype houses were tested 
to assess their thermal performance and 
airtightness.  A co-heating test was carried 
out – this involved heating the houses under 
controlled conditions to establish the overall 
heat loss rate. Air pressure tests were also 
carried out to establish the airtightness at 
various stages of construction.  These tests 
were supplemented with information from 
thermal imaging and from heat flux sensors 
placed on the perimeter walls during the co-
heating test.

Key Findings
•	 Thermal performance: The houses 
are amongst the closest to the predicted 

fabric performance of new dwellings tested 
by Leeds Met.  The predicted values assume 
that the theoretical performance of materials 
will be replicated on site.  It is only through 
post completion testing that the actual margin 
between predicted and actual performance 
can be observed.

•	 Thermal bridging was greatly reduced 
by calculating and modelling all of the 
construction details during the design phase.  
Details were also reviewed with the contractor 
to check that assumptions made about 
tolerances and sequences were correct and 
to ensure the details could be built accurately 
on site.

•	 Thermal bypass was suspected to 
be the mechanism for increased heat loss 
around some window openings on very windy 
days.  Air movement behind the edges of 
the insulation boards at the point where they 
abutted window reveals would account for the 
measured increase in heat loss under certain 
conditions.

•	 Airtightness was successfully 
addressed with an average airtightness test 
value of 3.27.  The masonry house performed 
a little better across the wall elements than 
the SIPs house and most of the losses were 
through the roof and the window trickle 

ventilators.  A target of 3.0 is thought to be 
achievable with some redesign of the barrier 
position in the roof.

•	 Sequencing difficulties occurred in areas 
where the service ducts and pipework were 
installed without drawings and where the first 
fix for services preceded specific elements 
designed for thermal performance.  Problems 
are more likely when the services design is 
drawn separately from the architect’s details 
or where sequencing information is not 
conveyed on the construction drawings.

Summary
The Derwenthorpe project shows that 
significant improvements in real, measured 
energy efficiency are possible when the 
project team consciously focuses on the key 
issues from design to delivery.  By thoroughly 
testing the prototypes and critically reviewing 
the designs, many of the details can be 
optimised for the delivery of the subsequent 
phases.  More importantly, there is  a much 
greater shared understanding within the team 
of the processes needed to integrate design, 
construction and testing.
Further information is available from:
www.lmu.ac.uk/as/cebe/projects 

The key issues affecting good 
practice construction are:

Thermal Performance 

Thermal Bridging

Thermal Bypass

Airtightness

Sequencing

*‘Lessons from Stamford Brook - 
Understanding the Gap between 
Designed and Real Performance’ by 
Leeds Metropolitan University and 
UCL, 2007.

MASONRY
Masonry is the most common material used for new housing construction in the UK.  Although there 
are many different types of  masonry construction, this guide focuses on the most common type: 
insulated cavity wall construction.
An insulated cavity wall normally consists of an internal leaf of concrete blocks, a cavity containing 
the insulation and an external skin of brick, stone or rendered concrete blocks.  Masonry cavity 
walls can be used to create complex designs, the materials are widely available and there is a large 
group of contractors familiar with the technique.
There are some key points to be aware of with masonry construction: 

To achieve low U-values the cavity may need to be increased beyond 100 mm • 
As with all forms of construction good site practice is essential to achieve the design • 
performance
The effect of wall ties on heat loss from the building needs to be accounted for within the • 
U-values calculation

www.zerocarbonhub.org

commissioned by:

www.rparchitects.co.uk

Richards Partington  Architects

written by:

www.concretecentre.com

in association with:

Masonry
Published by:  
NBS, 2010

The guide will help designers and 
builders to detail well-insulated 
and airtight solutions in masonry. 
The guide was commissioned 
by Zero Carbon Hub, written by 
Richard Partington Architects 
in association with MPA – The 
Concrete Centre.

Download from 
www.concretecentre.com
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DESIGN AND CONSTRUCTION

Locally sourced
Wherever houses are built in the UK, masonry products won’t have travelled far to 
reach site. In fact, the average distance is only about 66 miles for concrete blocks 
[1]. Also, being a local material, the manufacturing impact is accounted for in the 
UK and not exported to other parts of the world.

Responsibly sourced
For a material to be considered responsibly sourced, its life cycle must be properly 
managed from mining or harvesting through to manufacturing, processing and 
finally reuse, recycling and disposal as waste with no further value. The masonry 
sector has worked hard to ensure its products achieve these requirements. Recent 
figures show that 89% of UK concrete, masonry and brick production has achieved 
compliance with BES 6001 [2, 3], which is the standard for responsible sourcing 
of construction products published by the Building Research Establishment (BRE).

Use of waste materials
Concrete blocks can contain high levels of recycled materials; often around 80% 
or more, including aggregates made from fly ash, furnace bottom ash, industrial 
slag and recycled concrete products. The cement used to make concrete products 
also includes a lot of recycled/secondary products. In addition, approximately 
44% of the energy used to make cement comes from waste-derived fuels [3]. 
Overall, the UK concrete and masonry industry uses around 107 times more 
waste than it produces [3].  

Embodied CO2

It’s a common misconception that the average masonry house contains a lot 
more embodied CO2 than an equivalent timber frame house. Actually, the 
difference is quite small at around 4-5% [4, 5]. This is because, with the exception 
of the timber frame and the inner leaf of blockwork in the masonry house, all the 
other materials used are largely the same for both houses e.g. the brick outer leaf, 
roof, floors, windows etc.

It is possible to offset this 4-5 % difference in around 11 years as a result of the 
thermal mass in a masonry house, which can be used to enhance its fabric energy 
efficiency. Following the offset period, masonry homes can go on to have the 
lowest whole life CO2 footprint [4].

Low fire risk 
Masonry materials do not burn, which reduces the risk of fire during a building’s 
life and also during construction. Government statistics [6] show this can be an 
issue for timber structures. Improved fire safety measures during the construction 
of timber framed buildings are required whereas no special measures are required 
for masonry structures. “All those making design and procurement decisions that 
significantly affect fire risk should consider and reduce the risk and consequences 
of fire during the construction phase through DESIGN.” (HSE emphasis) [7]. 
Designers can comply with this by choosing masonry.

IN-USE

Safe and secure environment
Arguably the most basic requirement for a home is to provide a safe and secure 
living environment. In terms of safety, masonry benefits from being an inert, 
non-flammable material. From a security standpoint, the robust nature of 
masonry ensures that separating walls cannot be easily breached by intruders 
attempting access.

Summertime comfort
While the high level of insulation and airtightness in new homes helps save 
energy during the winter – and this is clearly a good thing - it can also increase 
the risk of overheating during the summer due to a greater ability to trap heat.  
The thermal mass provided in masonry housing can help reduce this problem by 
absorbing and later releasing excess heat, with the aid of night-time ventilation 
[8]. This is an increasingly useful benefit of construction materials with thermal 
mass which, alongside other measures such as shading and ventilation, can help 
tackle the growing problem of overheating.

Passive solar benefits
During the heating season (particularly spring and autumn), the thermal mass in 
masonry housing can help take full advantage of solar gain. This heat is absorbed 
during the day and released at night. In well-insulated homes, this can lower the 
demand on the heating system and reduce CO2 emissions.
 

Long-term airtightness
The inner leaf of blockwork in masonry homes can help deliver long-term 
airtightness by providing a robust and durable air barrier. Masonry provides a rigid 
structure avoiding building movement which, over time, can lead to a reduction 
of airtightness in lightweight frame construction. Furthermore, masonry avoids 
the need for more fragile forms of air barrier and is not overly reliant on the use 
of tape and sealant. Evidence highlighting the long-term airtightness merits of 
masonry homes can be found in the NHBC publication ‘Aging and Airtightness’ 
published by the NHBC Foundation.   

Acoustic performance
Masonry homes can provide high levels of sound insulation across a wide range 
of frequencies, reducing noise levels in homes. Quieter homes can make a 
valuable contribution to the health and wellbeing of occupants. This is helped by 
the inherent mass, stiffness and damping properties of concrete. In fact, masonry 
has among the best acoustic properties of any structural material [9].

IN-USE:  LONG-TERM BENEFITS

Flexibility
If occupants need to make changes, masonry housing is easily altered or 
extended thanks to its straightforward method of construction, which is 
typically devoid of vapour barriers, breather membranes and structural frames.

Durability
Masonry is among the most durable of all construction materials, with 
numerous old buildings providing testament to this fact. In addition to being a 
tough material, masonry helps ensure resistance to:

 ■ Weathering

 ■ Abrasion and impact damage

 ■ Insects, rodent and chemical attack

 ■ Mould/rot

 ■ Sunlight

 ■ Water damage

History provides much evidence of masonry’s durability but perhaps of 
more importance is how concrete and other building materials will perform 
over the next century, when climate change is likely to result in more severe 
environmental conditions.  

Adaptation to climate change
Flooding - Many parts of the UK face increased risk of flooding as a consequence 
of climate change. For example, the latest predictions from the UK Climate 
Impacts Programme (UKCIP) suggest a 16% rise in average winter rainfall for 
the North West, and an increase in the volume of rain on the wettest days 
leading to greater risk of flooding. Weather patterns over recent years provide 
demonstrable evidence for this change, with December 2015 being the wettest 
on record, leading to extensive flooding in the north of England [10].

Masonry is a flood-resilient construction solution, i.e. it absorbs very little 
water, remains structurally stable (no warping/twisting) and will not rot. Its use 
therefore, in buildings at risk of flooding, provides a measure of adaptation to 
climate change and helps maximise their whole life performance.   

Extreme weather events - In addition to flooding, climate change is likely  
to result in greater storm damage. Housing may need to cope with higher  
wind loadings and more driving rain; issues which masonry construction can 
deal with. 

Overheating - During the 21st century the UK is projected to experience 
a temperature increase of around 3°C in the south and 2.5°C further north, 
resulting in a greater risk of overheating [11]. Masonry’s thermal mass offers a 
useful adaptation measure, which can be used in conjunction with ventilation 
and shading to help reduce the problem. 

END OF LIFE

Reuse of masonry buildings
Perhaps the most significant way in which the whole-life performance of a 
building can be maximised is by extending its life through refurbishment and 
reuse, avoiding in turn the impacts arising from demolition and new build. 
In particular, extending a building’s life makes its embodied CO2 even lower, 
relative to its operational CO2 emissions.  

Masonry buildings have often proved eminently suitable for reuse and 
extension of use, helped by:

 ■ Longevity of the basic structure

 ■ Ability to adapt/extend 

 ■  Availability of skills and know-how for working with brick and block 
construction 

Recycling
At end-of-life, masonry can be fully recycled to create new construction 
materials. When mixed with other demolition waste it forms hardcore or, if 
separated out, concrete blocks can be crushed for use as a recycled aggregate 
in new concrete. There is little evidence that any hard demolition and 
construction waste is sent to landfill in the UK [12]. 

Clay bricks can offer the potential for reuse, providing they are technically 
appropriate for new work. Help on using reclaimed bricks is available from the 
Brick Development Association [13]. 

Recarbonation
It is a little known fact that during the life cycle of concrete it undergoes a 
natural process called carbonation, resulting in the absorption of CO2, which 
can ultimately reach a level equivalent to around a third of the concrete’s 
initial embodied CO2. In other words, by the time concrete reaches the end-
of-life stage, its CO2 footprint is reduced by around a third with no detriment 
to performance [14]. 
  


