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SCOTS OR 
BALTIC PINE



20 YEARS
35  YEARS

65  YEARS





WALNUT

LIME WOOD
(2000-year-ol d  

coppiced  l ime tree)





















BONDS





Lime Kil n Point State Park  
Washing ton



THE LIME CYCLE !



START WITH LIMESTONE

CaCO3
CALCIUM CARBONATE



GRIND IT UP AND CALCINE (BURN) IT

CaCO3

+ 900oC



YOU GET QUICKLIME

= CaO
CALCIUM OXIDE

CaCO3
+ 900oC



‘SLAKE’ IT WITH WATER

CaO

CaCO3
+ 900oC

+ 3H2O



YOU GET SLAKED LIME 

CaO

CaCO3
+ 900oC

+ 3H2O= Ca(OH)2
CALCIUM HYDROXIDE



MIX WITH SAND, HAIR etc 

CaO

CaCO3
+ 900oC

+ 3H2OCa(OH)2



PLACE AND EXPOSE TO AIR 

CaO

CaCO3
+ 900oC

+ 3H2OCa(OH)2

+ CO2
CARBON DIOXIDE



IT CARBONATES... 

CaO

CaCO3
+ 900oC

+ 3H2OCa(OH)2
+ CO2

= CaCO3+ H2O



...GOING BACK TO LIMESTONE ! 

CaO

CaCO3

+ 3H2OCa(OH)2

+ CO2

- H2O

+ 900oC



BUT...





















HOT-MIXED LIME







































Late 16th Century
conspicious 
consumption



INDUSTRIAL 
REVOLUTION







c.117 0, w ith C18  and  C19 al terations





CONSERVATION
=

“ MANAGING CHANGE”



CONSERVATION
=

“ MANAGING CHANGE”









ANGLO-SAXON



NORMAN



GOTHIC



GEORGIAN



EARLY VICTORIAN



LATE VICTORIAN



NOW



LLOYD’S BUILDING
LONDON

Grad e 1- l isted



TRELLICK TOWER

Grad e II*















14  Nov emb er 194 0



















CONCRETE COVER 
TOO THIN, PLUS 
CONDENSATION





BUILDING CONSERVATION &  RESEARCH TEAM



PRACTICAL BUILDING CONSERVATION SERIES
14  years and  5 5 00 pag es!



SCONEHENGE





















HOW LONG IS 
A PIECE OF  
STRING 

          ?



68 6 metres

2 37 7  97 8  metres



ANSWER:

1 m



ANSWER:

1 ±  104  m
YOU NEED TO SEE THE ERROR 
TO UNDERSTAND THE NUMBER 
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HARDHAM
ST BOTOLPH’S
C.1100









“S OLUBLE” NYLON = 
INSOLUBLE PROBLEM



Watercol ours c.18 05
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DEW-POINT TEMPERATURE SURFACE TEMPERATURE SURFACE WETNESS
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VOLUME EDITORS:

Robyn Pender, Brian Ridout,  
Tobit Curteis

PRINCIPAL CONTRIBUTORS:

Paul Beckett, Iain McCaig, Sarah Pinchin,  
Nicholas Warns

OTHER CONTRIBUTORS:
Paul Baker, Bill Bordass, Sharon Cather, 
Caroline Cattini, Vicky Curteis, David Drewe, 
Pedro Gaspar, Sophie Godfraind, Alison Henry, 
Arthur McCallum, Tracy Manning, Andrew More, 
Geraldine O’Farrell, Peter Rumley, John Stewart, 
Amanda White, Chris Wood

PEER REVIEWERS:

Chris Sanders, Laurie Gibbs,  
Trudi Hughes











BOLSOVER  
LITTLE CASTLE

1613-21













“W ATERWORKS”  
Ead w ine Psal ter 
c.115 0











BREATHABLE



BREATHABLEBREATHABLEPERMEABLE





BREATHABLEBREATHABLEPERMEABLE?









TRADITIONAL = 
GREATCOAT





DRY 
SPONGE

WET 
SPONGE







113 k Pa = 1.13 Bar = 16psi













































MODERN = 
RAINCOAT









WATERPROOFING SEALANTS











1 RAINDROP =
1 390 000 000 000 000 000 000  

WATER MOLECULES





DRYING OF PERMEABLE MATERIALS
STAGE I : 

WATER MOVEMENT VIA LIQUID FLOW 

DRIVEN BY EVAPORATION; DEPENDS ON EXTERIOR CONDITIONS

VERY FAST

STAGE II :

WATER MOVEMENT VIA VAPOUR MOVEMENT

RANDOM; INDEPENDENT OF EXTERIOR CONDITIONS

EXTREMELY SLOW

THEREFORE, FOR EFFECTIVE DRYING,  
KEEP IN STAGE I AS LONG AS POSSIBLE





























INDUSTRIAL 
REVOLUTION











ARCHITECTS



ENGINEERS



PLANNERS



ECONOMISTS







ENERGY INPUTS INTO A BUILDING

TRADITIONAL 
VERNACULAR

ENERGY  IS EXPENSIVE



OBTAINING RAW MATERIALS  
(GROWING, MINING, HARVESTING)



TRANSPORTING RAW MATERIALS  
FOR PROCESSING



MAKING USABLE BUILDING MATERIALS



TRANSPORTING THE FINISHED BUILDING 
MATERIALS TO SITE



CONSTRUCTING THE BUILDING



KEEPING THE BUILDING IN SERVICE: 
DAY-TO-DAY MAINTENANCE



KEEPING THE BUILDING IN SERVICE: 
OTHER RUNNING COSTS



KEEPING THE BUILDING IN SERVICE: 
UPDATING & REFURBISHING



OBTAINING 
RAW MATERIALS

MAKING 
BUILDING 
MATERIALS

CONSTRUCTING

TRANSPORTING 
RAW MATERIALS

TRANSPORTING 
FINISHED 
MATERIALS TO SITE

DAY-TO-DAY 
MAINTENANCE

UPDATING &  
REFURBISHING

OTHER  
RUNNING 
COSTS





INTENDED 
LIFETIME OF 
BUILDING?

?



INTENDED 
LIFETIME OF 
BUILDING:

500 YEARS?

POTENTIALLY 
INDEFINITE

UPDATING &  
REFURBISHING

OTHER  
RUNNING 
COSTS

DAY-TO-DAY 
MAINTENANCE





ENERGY INPUTS INTO A BUILDING

MODERN

ENERGY  IS CHEAP & EASILY AVAILABLE



OBTAINING RAW MATERIALS  
(GROWING, MINING, HARVESTING)



TRANSPORTING RAW MATERIALS  
FOR PROCESSING



MAKING USABLE BUILDING MATERIALS:

PRIMARY PROCESSING



MAKING USABLE BUILDING MATERIALS:

TRANSPORT



MAKING USABLE BUILDING MATERIALS:

SECONDARY PROCESSING



MAKING USABLE BUILDING MATERIALS:

TERTIARY PROCESSING



TRANSPORTING THE FINISHED BUILDING 
MATERIALS TO SITE



CONSTRUCTING THE BUILDING



KEEPING THE BUILDING IN SERVICE: 
DAY-TO-DAY MAINTENANCE



KEEPING THE BUILDING IN SERVICE:
OTHER RUNNING COSTS



KEEPING THE BUILDING IN SERVICE: 
UPDATING & REFURBISHING



DEMOLITION, DISPOSAL & REPLACEMENT



PRIMARY 
PROCESSING

CONSTRUCTING

DAY-TO-DAY 
MAINTENANCE

UPDATING &  
REFURBISHING

OTHER  
RUNNING 
COSTS

DEMOLITION

MATERIALS

OBTAINING 
RAW MATERIALS

TRANSPORTATION

SECONDARY 
PROCESSING

TERTIARY 
PROCESSING

TRANSPORTING TO SITE

TRANSPORTATION

TRANSPORTATION



INTENDED 
LIFETIME OF 
BUILDING?

?



INTENDED 
LIFETIME OF 
BUILDING:

IN CITY OF 
LONDON

AVERAGE 
16 YEARS

CONSTRUCTING

DAY-TO-DAY 
MAINTENANCE

UPDATING &  
REFURBISHING

OTHER  
RUNNING 
COSTS

DEMOLITION 
& DISPOSAL

MATERIALS

ENERGY INPUTS INTO A BUILDING



INDUSTRIAL  
REVOLUTION

TIMELINE F OR 
SERVICES

17 60

18 7 0

CHIMNEYS  
IN ORDINARY 
HOUSES

WATER 
MAINS

SEWERS

18 4 0
1900

ELECTRIC 
POWER

COAL-F IRED 
RANGES

F IRST 
PRACTICAL 
WCs

GAS 
LIGHTING

HOT WATER 
CYLINDERS

ARTIF ICIAL VENTILATION

CONNECTIVITY

GLASS F OR 
WINDOWS IN 

LARGE HOUSES

1600s15 00s

SMOKE BAYS

SLIDING SASH 
WINDOWS

167 0

AIR 
CONDITIONING

2020



SUNLIGHT
RUSH LIGHTS
LAMPS
CANDLES
SHUTTERS 

F IRE PITS
HANGINGS + CURTAINS

ANIMAL HEAT

WELLS
PRIVIES

UP UNTIL 1600s















F ABRIC

SERVICES

PEOPLE

CONTEXT











GLOUCESTER 
CATHEDRAL
LADY CHAPEL





F ELIX THE BUILDING-SCIENCE SUPERHERO







THAT ’S ALL
FOLKS !






