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The Brick Development Association

The Brick Development Association is the national authority on clay
bricks and pavers.

The membership accounts for almost 99% of the bricks produced
in the UK; the BDA members are commitment to manufacturing
products of outstanding quality and developing one of the nation'’s
most productive and sustainable supply chains.

The BDA Guides and Technical Guides are continually updated to take
account of the latest materials, systems and products developed in
the clay brick and paver sector.

We are grateful to our various team of experts, contributors, staff as
well as our membership whose support, we are eternally grateful for.

Keith Aldis

Chief Executive Officer
Brick Development Association

Scope of Document

This is aninitial guidance document for
the general public and members of the
construction profession.

Mortar for brickwork can involve a
number of issues, so this document is
notintended to be a comprehensive
guide, but rather a summary of the
key issues and a signpost to further
information, if required.

The BDA are committed to providing
impartial and authoriative information.

We make every effort to ensure the
accuracy and quality of information
and guidance whenitis published.
However we can take no responsibility
for the subsequent use of this
information, nor for any errors or
omissions it may contain.

Coverand back cover Images; Chelsea Barracks, Phase 3a, PDP Developers
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www.forterra.co.uk

Accrington (1), Claughton Manor (13), Cradley (14),
Desford (16), Howley Park (24), Kirton (27),
Measham (31), Whittlesey (47), Wilnecote (49)

H.G.Matthews
www.hgmatthews.com
Bellingdon (23)

Ibstock

www.ibstockbrick.co.uk

Aldridge & Atlas (2,3), Ashdown (4), Cattybrook (9),
Chailey (10), Chesterton (12), Dorket Head (17),
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South Holmwood (39), Swanage (41),

Throckley (42), Union (44)
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www.ketley-brick.co.uk
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W.H Collier
www.whcollier.co.uk
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www.wienerberger.co.uk

Denton (15), Ewhurst (20), Hartlebury (22),
Kingsbury (26), Sandown (37), Smeed Dean (38),
Todhills (43), Waresley (45), Warnham (46)

York Handmade
www.yorkhandmade.co.uk
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Introduction

Mortar is a workable paste used to bind bricks and other masonry units together.

A mortar joint acts as a sealant, a bearing pad, the glue that sticks the units together yet
keeps them apart and, in this sense, performs as a gap-filling adhesive.

Its role is also to seal irregular gaps between masonry and provide a barrier to the
passage of moisture.

The correct designation of mortar is vitally important in providing not only strength to the
wall construction but also durability against water ingress.

This document provides an overview of considerations
and options when selecting mortars, including the
joint profiles.

There is also a summary of the constituent parts of
mortar and the different factors which can affect
workability and performance.

Finally there is an explanation of the available mortar
types, including traditional lime mortars.

RH 11T T
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Amsterdam residence, Levs Architecten

Hospital Auditorium, Dehullu Architecten - Also Cover Image

Scottish Water, Reiach & Hall
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Selection of Mortar

Mortar accounts for approximately 17.5% of the brickwork built in stretcher bond and
therefore it is important to consider the correct selection of mortar, which can be designed or
prescribed in accordance with BS EN 998-2, Specification for mortar for masonry.

General Considerations
When selecting mortar, the designer should give careful
consideration to the following characteristics:

B Appearance - joint profile and colour

B Structuralrequirements

B Type of construction and position in the building
B Degree of exposure

B Compatibility between brick and mortar strength

I Referencetotable 15in PD 6697 and Annex B.2 BSEN
1996-2

Mortar for brickwork can be divided in to two groups;
designed mortars and prescribed mortars.

Designed Mortars

The composition and manufacturing method is selected
by the producer to achieve specified properties.
Designed mortars are classified by their compressive
strength.

Prescribed Mortars

Prescribed mortars are made in pre-determined
proportions, the properties of which are assumed
from the stated proportions of the constituents and
are classified by designations. It is difficult to state
categorically that the proportions can be equated to
the strength intimated in Table 1 on page 11 butitis
sufficient as a guide.

Mortar choice can have a big visualimpact on brickwork

Mortar being delivered to site.

© Brick Development Association 2023
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Selection of Mortar - Joint Profile

Bucket Handle Joint

This type of joint is the most commonly used in which the
face of the joint is compressed and provides the most
durable profile.

Flush Joint

Thisis the simplest but potentially least durable. As
this joint has not been compressed by a finishing tool it
should not be used in areas of severe exposure.

Weather Struck Joint

This joint is recessed at the top slightly sloping to allow
for the dispersion of rainwater. It has excellent strength
and water resistance. Perpends should also have this
profile.

Recessed Joint

The maximum depth of the recess should not exceed
4mm and should be ironed to compress the joint's
surface. When using this joint profile consideration
should be given to the exposure of the wall and brick

type.

© Brick Development Association 2023 www.brick.org.uk
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Mortar Components

Sand

Sand is the major componentin mortar and correct
choice of well graded sand in the correct quantity is
important. A good quality building sand should always
be used. Sand with a high percentage of fine particles or
containing clay/silt will require additional waterin the
mortar mix, produce a weak mortar, provide reduced
durability and may result in shrinkage of the mortar.

Cement and/or Lime to fill the air space

The air space between sand grains represents
approximately one third of the volume. The types of
binder used to fill that air space alter the strength and
physical properties of mortar.

For example, 1 part cement to 3 parts sand will result
in the sand voids (air spaces) being completely filled,
producing a very strong but brittle mortar.

Alternatively 1 part cement to 1 part lime to 6 parts sand

produces a well filled mortar, but with the extra adhesion
and flexibility given by the lime, balanced by the strength
of the cement.

Altering these proportions to suit the strength
requirement, exposure level, and workability or
weather conditions can be of considerable benefit to the
durability of the final brickwork.

Water Content

Variations in the water suction rate of bricks can
adversely affect bricklaying. The wetness of the

mortar mix can be increased or reduced to maintain a
consistent level of moisture whilst laying. Only with high
suction rate bricks in warm weather conditions should
dunking (or wetting) of the bricks be considered. If it
isundertaken the bricks should not be soaked and only
clean fresh water should be used to avoid soluble salt
contamination.

© Brick Development Association 2023
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Workability and Performance

Mortar Adhesion

For good adhesion to brick, mortar must have good
workability. Poor workability will result in air spaces
between mortar and brick, preventing good bond
formation, water ingress and durability issues.

Bricks with a rough textured bed face and medium
suction rates will have greater bond performance with
mortar than smooth textured low suction bricks.

Bricks with high initial suction rates may rapidly absorb
moisture during laying (particularly in warm weather). If
too much water is lost through this suction, repositioning
bricks during levelling may become difficult as well as
resulting in a poor bond. Laying shorter runs of walling
will help along with a light wetting of bricks prior to
application of mortar. Over wetting should be avoided as
this will result in “floating” on the mortar bed and may
contribute to excessive efflorescence and staining, such
as 'picture framing'.

Workability

Mortars that contain only cement and sand tend to be
coarse and have poor workability. If additional water is
added to improve workability, this will have a negative
effect on strength and drying shrinkage. The addition
of lime willincrease workability, reduce the water
requirement and improve strength and resistance to
shrinkage within mortar beds.

Admixtures

There are a number of different types of commercially
available admixtures that can be added to mortar to
enhance workability and performance. All admixtures’
use should be strictly controlled and in accordance with
the manufacturers’ instructions on dosage.

Primarily admixtures are used to retard the set of

mortar when conditions require this or provide air
entrainment to assist workability and prevent shrinkage
within mortarjoints. Air entrainment plasticisers are
used to replace lime within the mix. Excessive use of

this admixture will have a negative effect on durability
weather-tightness due to increased porosity especially
when used in pointing mortar. Air entrainment additives
should not be used in conjunction with masonry cements
which already contain lime as a plasticiser.

Washing-up liquids and any additives containing calcium
chloride should not be used as they can weaken the
mortar and contribute to efflorescence staining.

Efflorescence on brickwork under construction

© Brick Development Association 2023
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Workability and Performance

On-Site Mixing

Accurate gauging of mortar component materials is
required to ensure the correct mortar designation and
the desired performance. The use of a gauging bucket/
box will provide accurate method of achieving this.
Inaccurate gauging will affect structural performance,
water demand, durability and resistance to movements
and sulfates.

Quantity Yield

One tonne of ready mixed lime:sand, when gauged with
the specified quantity of cement on-site will generally be
sufficient to lay approximately 1000 bricks.

Permeability

Cement rich mortars (strong) will provide better
resistance to water penetration but offer less resistance
to shrinkage within the mortar. Proper selection of
building sand with good grading will reduce the amount
of voids between the sand particles. However weak
mortars containing less cement will not bond all the
sand particle, therefore allowing water to penetrate
more easily. Uneven mixing of mortar will also result

in a poor distribution of cementin areas of the mortar
mix and may lead to rain penetration under certain
conditions of moderate exposure.

For further information on design considerations please
refer to BDA document Severely Exposed Brickwork.

Weather

Mortar should not be used in construction if
environmental conditions are 20C and falling. Water
in the mix will freeze and result in poor strength and
increased porosity (reduced resistance to the passage
of water). Frozen mortar should be discarded and any
unfrozen mortar should not be used on frozen bricks.

Mixed mortar as well as freshly laid mortar should
always be protected from inclement weather and never
"knock up” mortar once it has started to set.

For furtherinformation on workmanship please refer to
BDA document Good Site Practice and Workmanship.

Increased demand foraccuracy means that site mixing is less
common

Protecting mortar from inclement weatheris essential

© Brick Development Association 2023
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Workability and Performance

Sulphate Resisting Cement

Sulfate attack on masonry is principally caused by the
reaction between a component of cement (known as
tri-calcium aluminate) and sulfate in solution that can
derive from ground/soil water, bricks or cement. Non
sulfate resisting cements contain between 3.5 -4.0%
sulfate in the form of gypsum which is used to control the
setting properties.

Sulfate solution
from the
environment

N

Sulfate resisting cement with a lower sulfite content and Diﬁ'“"‘-'"! of . .
reduced levels of tri-calcium aluminate, should always sulfates into | 0 Exuﬁrsmn uft
be used in exposed walls and areas that are of risk of brick/mortar O = O (if present)

> ] L and expansion
considerable water movement such as below sills, where i@ 0..

earth retaining walls and where soils contain high levels
of sulfate i.e. London clay.

Crack formation

effective dpc's have not been used, freestanding walls, D QQ

Mortars containing sulfate resisting cements will only
be effective if used in the correct designation and must
be accurately gauged. Robust design details should also
be used to minimise water movement on and around the
brickwork.

Benefits of Hydrated Lime in Cement Mortar
The use of hydrated lime in cement mortars has a number of benefits;

I Reductionin efflorescence - by

B Excellent workability - assists flow B Flexible/Self-Healing -small

of mortar onto bed and perp joints.

B Water retention - retains water in the
mix, reducing the suction from bricks
and therefore providing excellent
bond.

FEETRE . ¢

Hydrated lime

movements associated with new
build can be taken up with no
excessive hairline cracking.

reducing the risk of hairline cracks
within mortar, water penetration,
required for efflorescence to occur,
is minimised.

© Brick Development Association 2023
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Mortar Types

Cementitious Staining

For building mortars, one volume of cement is required
for 3 volumes of sand to give a durable workable mix.
However this strength of mortaris not always required.

To maintain workability and performance of weaker

mixes, the addition of lime or air entraining plasticisers

should be used.

Care should be taken to follow manufacturers’
instructions on dosage of plasticisers as overdosing will

resultin porosity and reduce the ability to resist water

ingress.
Mortar Prescribed mortars (traditional proportion of Mortar class | Suitable for use
designation materials by volume)* that may be |in environmental
Cement? : lime : CementB : Masom&y Masnn:}y assumed condition
sand with or sand with or cement- : cement” :
without air without air sand sand
entrainment entrainment

(i) 1:0to¥:3 1:3 Mot suitable | Mot suitable  |M12 Severe(s)

(i) 1:%: 4 to 4V 1:3t0 4 1:2V: 10 3¥2 1:3 Me Severea(s)

(iii) 1:1:51t06 1:5t06 1:4t05 1:3V:t0 4 M4 Moderate(M)

{iv) 1:2:8109 1:7t08 1:5%to6}: |1:44 M2 Passive(P)

A When the sand portion is given as, for example, 5 to 6, the lower figure should be used with sands containing
a higher proportion of fines, whilst the higher figure should be used with sands containing a lower proportion
of fines

B Cements in accordance with NA.1.3 {except masonry cements), or combinations in accordance with NA.1.4

c Masonry cement in accordance with NA1.3 (inorganic filler other than lime)

D Masonry cement in accordance with NA.1.3 (lime)

Cement/Lime/Sand
This type of mortar provides good workability, water

retention, adhesion and resistance to hairline cracking
caused through drying shrinkage. It should be noted that
all products containing cement will shrink to a certain
degree during the drying phase. Sand should conform

to the requirements of BSEN 13139 and be free of

contaminants such as silt or clay deposits. Lime should
be hydrated lime to the requirements of BS EN 459-1.

Cements should conformto BSEN 197-1.

Masonry Cement/Sand

Masonry cement is manufactured using Portland
cement, plasticisers and air entraining agents ground
together. The additives include limestone and hydrated
lime which provide increased workability and durability.
As these additives are already being incorporated, any
additional additives used at time of mix could lead to
accidental overdosing of air-entrainment and have a
negative effect on the durability against wateringress.
Manufacturer’s instructions on both masonry cement
and admixture packaging should be strictly adhered to.

© Brick Development Association 2023
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Mortar Types

Air Entrained Cement: Sand

Air-entrainment admixtures in a mix provide an
alternative to the use of lime to obtain improved
workability in Portland cement: sand mixes.

Air Entrained Cement: Lime,Sand

Air-entraining admixtures, when added to Portland
cement:sand:lime mixes provide good durability and is

suitable for a number of applications.

O

OOO

O
o O

O

@

OOO

O

O
o ©

O

OOO

O
A O

Alr entrainment admixture creates pores
in the mortar which are then filled with
air.

During freezing, water in the capillary
pores expands and moves towards the
air-entrained pores.

Ready to use Mortar

These are made in factories under tightly controlled
conditions and delivered to site, ready to use in either a
wet or dry state. They have guaranteed mix proportions
and overcome any potential problems relating to site

mixing.

I Wetready-to-use (retarded) mortar.These can be
delivered to site in tubs or mixers. They include an
admixture which delays the beginning of setting of
mortar materials (usually 36 hours) extending the
working life of the mortar. It is recommended that
the mortar suppliers’ recommendations are strictly
followed when using ready to use retarded mortar.

B Dryready-to-use mortars are stored dry in silos or

bags.

No admixtures or other materials should be added to
ready-to-use mortars other than small amounts of water
to compensate moisture loss through evaporation on hot

or windy days.

Under pressure, the water will be pushed
into the air entrainment pores and not
crack the mortar matrix.

L

..'_?f-i_'

Ready to use mortars canremove errors due to site mixing.

© Brick Development Association 2023
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Mortar Types

Factory Produced Silo Mortar

These offer arange of mix proportions and overcome
many potential problems relating to site mixing. The
silo, containing the dry powder mix, is delivered to site
complete with integral mixer. Once power and water
supplies are connected, mortar can be produced as
required. The rate at which wateris added can be
controlled to achieve the required consistency.

Two-Compartment Silo - These are transportable silos
with two sealed compartments that are filled by the
producer with the required amounts of sand and cement.
The mixing ratio is calibrated before delivery to ensure
mix proportions are to the customer's requirements.

Liquid admixtures and pigment may be added to the
mixer by means of a metered pump.

Single Compartment Silo - This is a single compartment
transportable silo that is filled by the producer with dried
sands, cement, lime if required and other admixtures,
pigments or additives premixed to customer's
requirements.

In all cases the use of admixtures should be in
accordance with the recommendations of the mortar
manufacturer.

Coloured Mortar

A wide range of light-fast colours and shades is available
and these are supplied by leading manufacturers. These
materials are specified in BS EN 12878 Pigments for
building materials based on cement and/or lime.

Even though the pigments are chemically stable and

do not significantly change their hue, all cement based
materials can change their appearance over time.
Coloured mortars may be more conspicuous by these
changes. For example, efflorescence or lime bloom will
look far more noticeable on dark mortars.

The control of variables when producing consistently
coloured mortars is important. The specification of
factory produced mortars ensures minimal colour
variation. Mixing on site requires care in mixture
proportions and consistency of the base materials, both
cement and the aggregate as well as the pigment. Often
pigmented mortars can appear patchy until fully dried.

Regulation of the mix proportionsis essential to achieve a consistent colour

© Brick Development Association 2023
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Mortar Types

Traditional Lime Mortar
Also known as natural lime mortar, these types of
mortars are made with sand using lime as the binder.

There are 2 basic types of lime for use in these types of
mortars:

Non hydraulic limes- also known as lime putty, have a
very slow setting process taking several weeks to gain a
basic working strength. These are wet products whose
setting is dependent on air not water. The lime reacts
with carbon dioxide in the atmosphere to produce a
hardened calcium carbonate. It can be stored for years in
an airtight container or under water thereby preventing
the reaction with carbon dioxide.

Hydraulic limes - are dry powders that react and set
with water. They therefore must be stored inadry
environment to prevent setting before use due to
reaction with atmospheric moisture.

Natural hydraulic limes (NHL), are classified in three
ascending numerical grades of compressive strength
at 28 days, expressed in N/mm2 (Newtons per square
millimeter), as:

NHL 2 - old classification 'feebly’

NHL 3.5 - old classification ‘moderately’

NHL 5 - old classification ‘eminently’

Gaugine Natural Hydraulic Limes

When gauging natural hydraulic limes with sand to make
amortaritisimportant to understand that dry lime
hydrates have different relative bulk densities (volume
for a given weight) from sand (as do all powder binders)
and therefore should ideally be accurately weighed. As
weigh-batching is not commonly practiced on-site, most
lime suppliers specify volumes of sand (usually to the
nearest 10 liters) per full bag of NHL.

Itis also important to remember that damp sand
increases, or 'bulks’, in volume (the amount being
dependent on sand grading and moisture content).
Allowance must be made for this when measuring the
sand, so it can then be accurately volume batched with
the lime to the specified ratio. It is important to discuss
this and agree the correct procedure with the lime
supplier.

Guidance on the use of traditional lime mortars is not
covered in masonry standards and they are generally
used in renovation projects. However, with increasing
use of designs looking to maximise environmental
and sustainability advantages, more designers are
considering their use.

Hydraulic lime mortars are suitable for some modern
masonry constructions and are capable of producing
sufficient strength and setting properties for some thin
brickwork (102.5mm thick) applications. Advice from
both the masonry manufacturers and lime suppliers
should be sought prior to use.

© Brick Development Association 2023
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Brick Development Products & Services

Brick Awards

The Brick Awards celebrate the best examples of clay brick
in our built environment. Each year the awards attract

over 350 entries from leading architects, housebuilders,
developers and contractors; accross 17 hotly contested
categories. Itis FREE and simple to enter on our web site:
www.brick.org.uk

Training and Education

The BDA offers lectures and other educational services

for Architects, Engineers, Developers as well as support
for students and public interested in creating successful
brickwork. We also provide technical input to events for
practicing architects, engineers and organisations involved
in continuing professional development.

Technical Publications

The BDA provides a range of technical publications and
guides; which are freely available to Architects, Developers,
Builders and General public on our web site:
www.brick.org.uk

The Fourth Eddition of ‘Guide to Successful Brickwork' is
available at all good book shops.

Brick Works Events

The BDAregularly runs courses and seminars for all those
professionals involved with the design and construction of
brick buildings. Please contact George Spreckley our Events
& PR Manager on email:

georgespreckley@brick.org.uk

Brick Bulletin

This widely acclaimed e-magazine features the latest
developmentsin brick design and is recognised world wide
as the foremost journal of contemporary brickwork. It is
available free through the '‘Brick Bulletin' tab our website:
www.brick.org.uk.

Brickmakers Quality Charter

Clay brick makes a significant contribution to the UK's safe,
healthy and sustainable built environment. The Brickmakers
Quality Charter scheme promotes the responsible sourcing
of clay brick, through credentialling and the flexibility
businesses seek from an established and audited supply
chain.

Research and Testing

The BDA identifies specific areas where independent
research and testing programmes are required to further the
confident use of clay brick and to ensure quality.

Statistical and Marketing Information

The Brick Development Association is an independent body
committed to providing authoriative information about the
use of clay brick in construction.

We collate statistical information on brick production,

UK deliveries, and related supply for imported products
together with volume information including testing, research
and development.

We provide free technical support on the use of clay brick,
and encourage best practice in the use of brick in the built
enviornment.

© Brick Development Association 2023
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