
TECHNICAL PAPER 27
HOT-MIXED LIME MORTARS 
MICROSTRUCTURE AND FUNCTIONAL PERFORMANCE



 

 

Acknowledgements

TechnicalResearch@hes.scot

 

 

https://www.engineshed.org/publications/
mailto:TechnicalResearch@hes.scot


 

 

HISTORIC ENVIRONMENT SCOTLAND TECHNICAL PAPER 27 

 

HOT-MIXED LIME MORTARS  
MICROSTRUCTURE AND FUNCTIONAL PERFORMANCE  

 

DAVID WIGGINS  

 

 

 

 

 

 

 

 

 

 

 

  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

So
p

h
o

s 
In

te
rn

at
io

n
al

 



 

 

AUTHOR BIOGRAPHY 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

 

PREFACE BY HISTORIC ENVIRONMENT SCOTLAND  



 

 

CONTENTS 

 

 

 

 

 

 

 



1 

 

EXECUTIVE SUMMARY  



 

2 

 

1. INTRODUCTION   

The preservation function of mortar  



 

3 

 



 

4 

 

 

The need for masonry to breathe  



 

5 

 

2. WATER MANAGEMENT AND MASONRY CONSERVATION   

Water and traditional masonry 

Agents of decay in traditional masonry 



 

6 

 



 

7 

 

The resilience of historic lime mortar to decay processes 

                                                           



 

8 

 

 

  



 

9 

 

3. MICROSTRUCTURAL CHARACTERISTICS AND DURABILITY OF 

HISTORIC LIME MORTARS 

Moisture-handling characteristics of historic mortars  



 

10 

 

0

0.01

0.02

0.03

0.04

0.05

0.06

0.07

0.08

0.09

1101001000100001000001000000

In
tr

u
si

o
n

 V
o

lu
m

e
 (

m
L

/g
)

Pore Diameter (nm)

(a)

0

0.02

0.04

0.06

0.08

0.1

0.12

0.14

1101001000100001000001000000

In
tr

u
si

o
n

 V
o

lu
m

e
 (

m
L

/g
)

Pore Diameter (nm)

(b)

0

0.02

0.04

0.06

0.08

0.1

0.12

0.14

0.16

0.18

1101001000100001000001000000

In
tr

u
si

o
n

 V
o

lu
m

e
 (

m
L

/g
)

Pore Diameter (nm)

(c)

0

0.05

0.1

0.15

0.2

0.25

0.3

1101001000100001000001000000

In
tr

u
si

o
n

 V
o

lu
m

e
 (

m
L

/g
)

Pore Diameter (nm)

(d)



 

11 

 

                                                           
2 

 



 

12 

 

Mechanical compatibility-related characteristics of historic mortars 



 

13 

 

Interdependency between moisture and mechanical related characteristics 

 

                                                           
3 



 

14 

 



 

15 

 

Causality of the historic lime mortar microstructure



 

16 

 

Preservation-enhancing characteristics of historic lime mortar microstructure  

 



 

17 

 

4. OBSERVATIONS ON MODERN LIMES  

Natural Hydraulic Limes   



 

18 

 

Mix proportions  

≥

≥ ≥

≥

≥



 

19 

 

0

0.05

0.1

0.15

0.2

0.25

0.3

1101001000100001000001000000

In
tr

u
si

o
n

 V
o

lu
m

e
 (

m
L

/g
)

Pore Diameter (nm)

(b)

0

0.05

0.1

0.15

0.2

0.25

0.3

1101001000100001000001000000

In
tr

u
si

o
n

 V
o

lu
m

e
 (

m
L

/g
)

Pore Diameter (nm)

(a)



 

20 

 

Formulated limes  

5. MICROSTRUCTURAL CHARACTERISTICS OF MODERN HOT-MXED 

LIME MORTARS  

 

 

 



 

21 

 

Replicating the example of historic lime mortars 



 

22 

 

Hot-mixed lime mortars: key microstructural characteristics 

 

 

 

 

 



 

23 

 

 

6. CONCLUSIONS  

 

 



 

24 

 

 

 



 

25 

 

REFERENCES 



 

26 

 



 

27 

 



 

28 

 



 

29 

 

http://www.stastier.co.uk/nhl/testres/physmech.htm


 

30 

 



THE ENGINE SHED 

The Engine Shed is Scotland’s buildings conservation centre. It is a hub for 
everyone to engage with their built heritage. We offer training and education in 
traditional buildings, materials and skills. For more information, please see our 
website at www.engineshed.scot/

REFURBISHMENT CASE STUDIES

This series details practical applications concerning the conservation, repair and 
upgrade of traditional structures. The Refurbishment Case Studies seek to show 
good practice in building conservation and the results of some of this work are part 
of the evidence base that informs our technical guidance. 
All the Refurbishment Case Studies are free to download and available from the 
HES website www.historicenvironment.scot/refurbishment-case-studies/

TECHNICAL PAPERS

Our Technical Papers series disseminate the results of research carried out or 
commissioned by Historic Environment Scotland. They cover topics such as thermal 
performance of traditional windows, U-values and traditional buildings, keeping 
warm in a cool house, and slim-profile double-glazing.
All the Technical Papers are free to download and available from the HES website 
www.historicenvironment.scot/technical-papers/   

INFORM GUIDES

Our INFORM Guides series provides an overview of a range of topics relating to 
traditional skills and materials, building defects and the conservation and repair 
of traditional buildings. The series has over 50 titles covering topics such as: 
ventilation in traditional houses, maintaining sash and case windows, domestic 
chimneys and flues, damp causes and solutions improving energy efficiency in 
traditional buildings, and biological growth on masonry.
All the INFORM Guides are free to download and available from the HES website 
www.historicenvironment.scot/inform-guides/   

SHORT GUIDES

Our Short Guides are aimed at practitioners and professionals, but may also be of 
interest to contractors, home owners and students. The series provides advice on a 
range of topics relation to traditional buildings and skills. 
All the Short Guides are free to download and available from the HES website 
www.historicenvironment.scot/short-guides/ 

https://www.engineshed.scot/
https://www.engineshed.scot/ 
https://www.historicenvironment.scot/about-us/what-we-do/conservation/refurbishment-case-studies/
https://www.historicenvironment.scot/about-us/what-we-do/conservation/refurbishment-case-studies/
https://www.historicenvironment.scot/archives-and-research/publications/?publication_type=30&q=Technical+paper
https://www.historicenvironment.scot/archives-and-research/publications/?publication_type=36
https://www.historicenvironment.scot/archives-and-research/publications/?publication_type=41&q=Short+guide
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