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Program 

• 14.10 Traditional Buildings, construction, 
defects and lime

• 15.00 Energy Efficiency and traditional 
Buildings

• 15.30 Break
• 15.45 Climate Change Adaptation
• 16.15 Questions / discusion
• 16.30 Close



Traditional Constructed Buildings



Water is the main cause of decay for most of the 
materials which make up our traditionally constructed 

buildings



Maintenance of Traditional Buildings is primarily 
concerned with keeping the fabric dry



The consequences of neglecting 
maintenance can be disastrous



Maintaining “Breathability” is also 
crucial to maintenance

• Breathability in buildings should not be 
confused with air movement but entirely 
refers to the way moisture moves in 
relation to the building fabric. Breathability 
is based upon three essential mechanisms 
of moisture transport: 
– Vapour permeability
– Hygroscopicity
– Capillarity



Roofs - Most common problem, 
slipped slates or tiles



Missing slates can lead to rot in  
sarking



Also check flat roofs for rips, tears, 
bulges or ponding



Lead flashings also important



Check masonry at roof level



Chimneys a particularly vulnerable 
part of a buildings



Gutters and downpipes vital

•Leaking gutter causing 
staining and stone 
damage

•Soaking wall internally 
as well

•Probable rot at rafter 
feet and on wallplate 



Planned maintenance includes 
tasks such as cleaning gutters



•Downpipe coming 
away from wall

•Dangerous and more 
likely to become 
blocked

•Should be repaired 
and gutters unblocked



Walls
•Most common defect 
is decayed pointing
•Also look for 
decayed stone work
•Moss or vegetation 
growth



Cement not an appropriate material for 
re-pointing...



Lime Mortars



The Lime Cycle 

When exposed to air, both pure lime and hydraulic lime mortars and 
plasters harden by reabsorbing carbon dioxide to become calcium 
carbonate again. This is called carbonation.
In addition, with hydraulic lime mortars, silicates produce a chemical 
set in the presence of moisture.



What is mortar? 
• When lime is mixed with an aggregate, 

lime mortar is created.

• In its “Sticky “state it should cover the 
particles of the aggregate fully, and 
becomes a BINDER.

• During Carbonation the mortar 
hardens and keeps the particles in a 
coherent state.

Aggregate: Sand, Crushed Stone 
or other material such as broken 
and crushed shells, brick, chalk, 
earth or porous particulates.



Hydraulic or Pure lime Mortar?
• Non-hydraulic lime  mortars will 

produce permeable absorbent 
mortar, but this may not be 
durable in the short term and is 
likely to be damaged by frost or 
water penetration in exposed 
locations, of which Scotland has 
plenty.

• Mortar mass should be kept to a 
minimum. 

• Must not be used in wet 
locations.

• Will not survive readily if 
affected by wet weather and 
frost soon after placing



Hydraulic or Pure lime Mortar?• Hydraulic limes of various 
strengths can be utilised for 
repointing mortars, depending on 
performance requirements. 

• Classification of types of natural 
hydraulic lime under European 
Standards (ENV459) covers 
three categories, NHL5 (the 
strongest), NHL 3.5 and NHL2

• These grades are traditionally 
associated with the terms feebly 

hydraulic, moderately 

hydraulic and eminently 

hyrdraulic.



What can we use lime for?
• Lime washing

• Pointing

• Harling

• Plastering

• Building/Bedding

• Concreting 



Limewash
• A simple form of paint 

prepared from lime, with or 
without various additives. It is 
most suitable for use on walls 
and on ceilings, both internally 
and externally.

• In Scotland it was almost 
certainly always used to offer 
protection to that which it 
covers.

• Any earth pigment can be 
mixed with it to colour the 
wash.



Pointing
• A finished surface layer in the 

joint between masonry.

• Properly selected Lime Mortars 
for Pointing will carry all the 
benefits associated with the 
use of Lime. The main one 
being Breathability.

• lime mortars specifications 
should be based on their 
performance characteristics in 
relation to background 
requirements (substrates) also 
taking into account 
environment, exposure, 
location and season.





The 3:1 mix?
• Why do so many use the ratio of 

3:1 for their mix, that is ratio of 
Aggregate to binder ?

• Generally  well graded sand if 
dried is placed in measuring 
cylinder say (300ml) then a 
measure of water is poured  in to 
the level of sand it will usually  
accept one third of the volume of 
the sands volume. That is 100ml 
of water will be required.

• We could say then that well 
graded aggregate is normally 33% 
air. Hence the ratio of 3:1

• Based on Voids 
per Volume of Dry 
sand.



When using Lime Mortars: Slow 
curing, protect work at all times



Correct tools important as well as materials



Joints should be well raked out and dampened 
prior to application of mortar



Prepairing joints for pointing



Pinning stones crucial to 
appearance and performance



Hot mix lime mortars

• Hot-mixed lime mortars are prepared by 
adding specific measures of quicklime to 
aggregate and water and mixing together 
to form a mortar. The quicklime reacts with 
water generating heat, and simultaneously 
binds together with the sand or aggregate 
to produce a mortar.



PREVIOUS SITE TRIALS 
QUICKLIME-BASED MORTARS



Lime Research
• Gazetteer of historic buildings with early lime finishes 

(Addyman Archaeology)
• Digitising/databasing SLCT archive of lime samples to 

enable better research and analysis (HES intern with 
SLCT)

• Report detailing extensive case-studies of recent (new) 
hot-mixed lime work in the traditional built environment –
successes and failures (Frew Conservation) 

• GIS map-based study to identify historic lime kilns and 
quarry sites in Scotland (Ph.D Research)



QUICKLIME BASED MORTARS 

• Literature review of historic references to quicklime-
based mortars in Scotland 

• Assessing carbonation rates and microstructure of new 
hot-mixed mortars (HES Science Team)

• Hygrothermal testing of mortar samples – NHL and 
quicklime based (Heriot-Watt) 

• External lime finishes  - Ph.D. focusing on evidence for 
composition and application in Scotland 1400-1900 (with 
Stirling University) 

• Effect of gauging with NHL or additives  - what is 
optimum balance?

‘HOT-MIXED’ MORTARS 



Lime Harling
• A Thrown finish of Lime and 

aggregate, applied by throwing 
“Hurling” the material onto a 
well-prepared background. 

• Well suited to Scotland with its 
heavily textured surface 
improving durability making it 
suitable for more severe 
climates.

• Skilled practitioners 

• Sound background surface 

• Mortar preparation

• Dampening the background 

• Correct methods of application 

• Finishing 



Lime summary

• Lime a highly versatile material that has a 
wide range of applications in the traditional 
built environment

• Not one material, however, and acareful
consideration needs to be given mix ratios, 
hydraulic strength etc

• Mortar analysis can be a useful tool in 
ascertaining this 



Energy Efficiency in Traditional 
Buildings



Why we must think about 
traditional buildings differently

• Traditional buildings allow moisture to travel 
through building fabric

• Moisture can enter, be held within and then 
leave building fabric such as stone, lime mortar, 
plaster and timber 

• Moisture diffuses internally and to the external 
environment

• Maintaining this movement of moisture is critical 
to the success of energy efficiency measures



The effects of using impermeable 
materials can be seen in numerous 

cases of masonry decay



Traditional passive ventilation 
systems



If we get it wrong..



“Reverse Retrofit”



Options for improving the thermal 
performance of traditional buildings



Windows



Draft Stripping



Existing options – shutters & blinds 
– gave significant improvements u-

value 1.8 



Secondary glazing : U Value 1.7



new sealed units within existing 
sashes



Improvement options:  % reduction in Heat loss & corresponding U-

values
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Walls



Historic Scotland research has 
examined 3 approaches to 
insulating mass masonry walls:

•Putting insulation behind existing 
wall lining

•Applying material directly to the 
masonry “on the hard”

•Framing out and putting material 
between the timber



Bonded polystyrene bead u-value 0.31



Injection of open cell foam behind 
existing wall linings, u value 0.4



30mm Calcium silicate board applied directly 
to mass masonry, u-value improvement 2.1 

to 1



10mm Aerogel blanket fixed 
directly to mass masonry



Aerogel blanket particularly useful on curved 
walls, u-value improved from 1.3 to 0.6



Hemp board – u-value 0.21



80mm Wood fibre board 
u value 0.19



External wood fibre insulation, Glasgow, u-value 
improvement 1.3 to 0.4



Insulated external lime render
0.5 u-value achieved



Retrofitting any exterior insulation has implications due to 
thickness of insulation and render as well as detailing for 

ventilation, services etc, these will be cold spots



Floors



Sheep’s wool pinned to under floor joists



Hemp board between joists held in 
place with timber runners, u-value 

improvement 2.4 to 0.7



Concrete floors can be lifted and insulated 
lime concrete floor laid in its place



Aerogel board placed over concrete floor, u-
value improvement 3.9 to 0.8



Lofts and roof spaces



Sheep’s wool between joists, u-value 
improvement 1.5 to 0.3 

(wood fibre board u-value 0.2)



Insulating behind existing roof linings in 
inhabited loft space, u-value 

improvement 1.6 to 0.8



What can go wrong...



Issues with installation of IWI



Thermal Bridging, areas left uninsulated



Uninsulated area leading to 
mould



Ventilation from bathroom to 
roof space



Poorly located extract 
ventilation



Condensation a serious problem



Not enough ventilation leading to 
condensation and mould in roof space



Conclusion
• Vapour permeability and ventilation should be 

maintained throughout any energy upgrade work

• All elements of traditionally constructed buildings 
can be made more thermally efficient by the use 
of a range of materials and techniques

• It is vital that this work is carried out sensitively 
to both the aesthetic and performance of the 
building and ventilation vital to 



Climate Change Adaptation and 
Traditional Buildings

• Dr Moses Jenkins MCIOB



Scotland’s climate is changing

• Since the 1960’s winter precipitation 
has increased by over 50 per cent in 
parts of Scotland.

• UK Climate Impacts Programme 
(UKCIP) 

• Sea level rise around the Scottish 
coast has accelerated in the last two 
decades and now exceeds 3-4 mm per 
year around most of Scotland. 

• Climate changes are predicted to 
continue
• and intensify through the present 
century. 



Observed trend: Change in average total precipitation 1961-2006

© UK Climate Projections 2009

Summer Winter



Scotland is getting (even) 
wetter…



More frequent 
and extreme 

events



Impact on traditional buildings

• Prolonged saturation of masonry

• Leaching of lime from mortars

• Staining and discolouration of masonry

• Higher internal humidity

• Increased growth of algae, vegetation and insect pests

• Rising groundwater levels / floods

• All buildings are vulnerable to the effects of climate 

change!



What makes traditional 
buildings vulnerable?

• Poor maintenance 

• Functional details removed or damaged

• Repairs carried out with inappropriate materials

• Redundant chimneys and reduced ventilation



On-going maintenance

Appropriate repairs

Improved conservation techniques

Adaptive (proactive) conservation

External Protection

Relocation

Managed Loss

Addressing the impact of climate change



Maintenance and repair is 
essential for resilience



What happens here in an 
extreme weather event?



Improve heating and natural 
ventilation



Use appropriately specified 
repair materials



Avoid the temptation to see 
impermeable materials as the 

answer



Detailing for a 
wet climate…



Reinstate weathering details
Projecting parapets, 
cornices and string 

courses
Hood mouldings and 
projecting cills 

Reinstated detail



Detailing issues also affect modern buildings...



Improve / augment rainwater 
disposal



Robust repairs – mostly 
involving lead…





Skilled workmanship & appropriate materials are vital to increase resilience



Improve surface drainage 
• Lowering raised ground 

levels
• Permeable surfaces
• Sustainable Urban 

Drainage Systems 



Reinstate or add external 
coatings and coverings



Building resilience: Sand Haa, 
Shetland

lime harling

New chimney cope and 
drip details

limewashing



Building Resilience: Crawfordjohn Church, Lanarkshire



Summary

• Climate change is happening 

• Many traditional buildings are resilient if well maintained

• Good repair and maintenance principles is first step

• Adaptation and sensitive alteration will improve resilience

• ‘Like for like’ may not be enough

• Sometimes the answers are not straightforward…



Overall Summary
• Several themes run through all the subjects 

discussed today
• Good, regular maintenance is essential for 

traditional buildings in both the short term and to 
help deal with climate change

• Using appropriate materials for repair will build 
resilience and improve performance

• Thermal performance of buildings can be 
improved but moisture and ventilation dynamics 
must be considered
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