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Hidden	in	Plain	Sight	







• The vast majority of lime mortars – for 
ALL uses – were hot-mixed - slaking of 
the quicklime taking place in intimate 
association with the aggregates or mixed 
with them very soon after slaking, usually 
in a ring of sand   
Aggregates might be sand, stonedusts or 
mud, or all three.  
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St	Oswald’s,	Holy	Island.	Edwin	
Lutyens,	1912.	
Hot-mixed	mortars.		











La	Cité	de	Dieu	de	saint	Augus0n,	traduite	en	
français	par	Raoul	de	Presles.	gallica.bnf.fr	



New	Malton	1728,	John	SeRrington.	Vernacular	and	sustainable		

















Enlucidos mezclados en caliente y encalados 
sobre un soporte de tierra, interior de la York 
House. Caliza oolítica quemada in situ.	



1st	July	1748.	Agreed	with	Percival	Luccock	for	
himself	and	behalf	of	James	Luccock,	his	partner,	
to	build	a	wall	to	Fenton	and	Robinson’s	yard	
adjoining	Water	Lane	7	foot	high	with	the	coping	
at	5s	per	rood	and	to	do	it	with	old	stone	in	the	
yard.	They	are	to	have	two	chaldern	of	lime	
allowed	to	mix	with	the	mortar	which	is	to	be	
taken	fresh	out	of	the	kiln,	and	Mr	Turner	to	see	it	
measured.	Witness	my	hand,	Percival	Luccock.		

Malton	Estate	Agent’s	Memorandum	Book	1734	–	1808	
NYCRO	ZPB	III	5-2-1	
	



Compa.bility	
	
Crambe	St	Michaels	
–	earth	built	in	all	
phases,	12th,	13th	
and	14th	centuries	



Romanesque	Tower	of	St	John	the	
Bap.st,	WhiRon,	North	Lincolnshire,	
reputedly	built	on	the	site	of	a	Roman	
Temple.	Earth-lime	mortars.	Lime	
poin.ng	mainly	lost.		



The	owner	will	furnish	the	
.mber	and	necessary	
material	for	this	and	
deliver	it	on	the	ground,	
and	also	1	saw	and	
1	plumb-line	(but	the	
contractor	will	fell,	hew,	
square,	and	finish	the	
.mber),	stone,	lime,	sand,	
water,	straw,	and	earth	
for	making	mortar.	Cato	
the	Elder	De	Agri	Cultura	
c160	BC	



Mileto,	Vegas,	Cris.ni,	Garcia	Soriano	2014	



St	Hilda’s,	Ellerburn.	Anglo-
Scandanavian.	Earth-lime	
building	mortars	







Earth	mortars	and	
plasters		the	norm	
in	Thornton	Dale,	as	
across	Vale	of		
Pickering	and	upon	
North	York	Moors.	
California	and	Hall	
Farms,	1787.	Same	
stone	mason,	
probably.	



The	stonemason…	is	not	only	employed	in	cueng	the	Stones	in	their	proper	Figures	and	
Dimensions,	but	in	laying	them,	and	building	the	Stone-Work	of	the	whole	Building	On	this	
account,	he	is	Judge	of	all	Kind	of	Cements,	and	the	Secret	of	preparing	them	for	Use.		
	
Campbell	1747	The	London	Tradesman	
	
The	chief	business	of	a	mason	is,	to	make	the	mortar;	raise	the	walls	from	the	founda.on	
to	the	top,	with	the	necessary	retreats	and	perpendiculars;	to	form	the	vaults,	and	employ	
the	stones	as	delivered	to	him.	When	the	stones	are	large,	the	business	of	chewing	or	
cueng	them	belongs	to	the	stone-cuRers,	though	these	are	frequently	confounded	with	
masons:	the	ornaments	of	sculpture	are	performed	by	carvers	in	stone,	or	sculptors.	
	
C.	F.	PARTINGTON	1825		
	
	
It	is	always	dangerous	to	be	obliged	to	rely	upon	the	skill	or	integrity	of	workmen,	who	
either	do	not	understand	the	necessity	of	taking	pains	with	their	work,	or	who,	from	being	
paid	by	the	piece,	have	an	interest	in	slurring	it	over.			
	
Burnell,	1857	
	
	
	
	



Lime.	This	being	derived	from	an	
almost	pure	carbonate	of	lime,	
slacks	with	great	energy	and	the	
evolu.on	of	heat;	forms	a	fine	paste	
with	water;	admits	the	addi[on	of	a	
great	deal	of	sand;	is	more	easily	
laid	on	by	the	mason;	and	
therefore,	is	the	most	economical	
for	common	purposes.	On	all	these	
accounts	it	is	regarded	as	the	best	
kind	of	lime;	and	sought	a]er	the	
most.	For	it	is	not	generally	known	
in	this	country,	that	it	does	not	form	
so	hard	and	durable	a	mortar	as	the	
next	variety.		
	Hitchcock	1842	Geology	of	
MassachuseRs	



Smeaton	long	since	explained,	"	It	is	not	to	be	wondered	at	that	workmen	
generally	prefer	the	more	pure	limes	for	building	in	the	air,	because	being	
unmixed	with	any	uncalcareous	ma_er,	they	fall	into	the	finest	powder,	and	
make	the	finest	paste,	which	will	of	course	receive	the	greatest	quan[ty	of	sand	
(generally	the	cheaper	material)	into	its	composi[on,	without	losing	its	
toughness	beyond	a	certain	degree,	and	requires	the	least	labour	to	bring	it	to	
the	desired	consistence;	hence	mortar	made	of	such	lime	is	the	least	expensive;	
and	in	dry	work	the	difference	of	hardness,	compared	with	others,	is	less	
apparent."…	The	workman,	however,	preserves	his	empire…	
		
It	is	a	difficult	ma_er	to	alter	the	prac[ce	of	those	who	have	grown	grey	in	
exal[ng	"	prac[cal	experience,"	and	in	the	comfortable	persuasion	that	the	
bricklayer	knows	best	how	to	make	good	mortar,	and	can	be	trusted	to	make	
it….	
		
I	look	confidently	forward	to	the	day	in	which	we	shall	feel	quite	independent,	
as	respects	mortar	making,	of	the	workman's	tradi[ons.			
	
Sco_	Royal	Engineer	1862	



Before	the	latest	19th	C,	quicklime	was	the	typical	form	in	which	lime	
came	to	site	and	was	the	founda.on	of	all	mortars	-	whether	non-
hydraulic	or	hydraulic.	Lafarge	developed	the	technology	to	produce	
reliably	hydrated	hydraulic	lime	at	end	of	19th	C,	and	into	20th	C	
bagged	hydrated	air	lime	became	common	in	North	America	and	
UK	,although	cement-lime	mortars	were	oien	made	with	quicklime	
into	the	1960s	Quicklime	remained	the	common	star.ng	point	for	
mortars	across	most	of	the	world,	however,	un.l	at	least	WWII.		





Dibdin	1911	
	
To	the	prac.cal	eye	there	can	be	no	manner	of	doubt	as	to	the	
kind	of	mixture	which	is	being	employed	for	the	purpose	of	binding	
bricks.	If	it	is	good	stuff,	made	of	well-burnt	lime	and	clean	sand	
or	grit,	the	fact	is	patent	at	once	to	the	expert;	and,	so	far	as	he	is	
concerned,	there	is	no	need	for	a	chemical	analysis	(p37)		
	
Rough	Test	for	Strength.	Take	a	fragment	of	the	mortar	between	
thumb	and	forefinger,	and	try	to	break	it.	If	it	crumbles	easily	to	
dust	it	is	at	once	known	that	its	power	of	cohesion	is	slight,	and	
that	it	will	be	wan.ng	in	binding	power.	(p38)		



The	typical	lime:aggregate	propor.on	of	most	tradi.onal	lime	mortars	is	2:3	or	1:2.		
	
‘Customary’	for	specified	mortar:	aggregate	propor.ons	to	be	expressed	in	lump	lime	
(before	slaking):	aggregate,	unless	otherwise	stated	(Pasley	1826).	In	fat	and	feebly	
hydraulic		limes	this	will	give	2:3	aier	slaking.		
	
Vicat	indicates	1	part	of	slaked	lime	to	2	parts	aggregate.	This	might	be	just	slaked	hydrate	
or	s.ff,	dough-like	puRy	made	by	adding	just	enough	water	to	the	lump	lime	plus	a	liRle	
more–	not	puRy	as	we	know	it	–	‘drowned’	in	a	surplus	of	water,	which	all	authors	says	
delivers	a	weak	material	with	less	bond.			
	
Hydraulic,	‘WATER’		limes	were	never	mixed	at	1:3	–	typically	at	1	part	quicklime:	2	
aggregate,	hydraulic	limes	expanding	much	less	than	fat	limes	on	slaking,	or	not	much	at	all.	
1:1	was	also	commonly	specified,	par.cularly	for	eminently	hydraulic	natural	cements.		
	
The	objec[ve	was	to	get	as	much	sand	into	the	mortar	without	compromising	
workability	and	performance.		
	
1:3	slaked	lime	to	aggregate	never	found	or	specified	historically.	Became	the	norm	with	
cement-lime	mortars,	the	cement	compensa[ng	for	the	reduced	lime	content.	Even	so,		
1:2:9	weaker	than	a	2:3	or	1:2	fat	lime:	aggregate	mortar	(but	gains	ini[al	set	much	faster)	
and	considerably	less	strong	than	a	1:3	modern	NHL:sand	mortar.			
	
	
	
	
	



On	Propor.oning	the	
Ingredients	of	Mortar.	
		
…	we	may	conclude,	that	with	
hydraulic	limes	such	as	the	Lias	
(weighing	50lbs.	the	cubic	
foot),	2	cubic	feet	of	sand	may	
be	added	to	1	cubic	foot	of	
lime;	that	with	feebly	hydraulic	
limes,	such	as	the	Dorking	and	
Halling	grey	chalk	limes,	2	½		
cubic	feet	of	sand	may	be	
added	to	every	50lbs.	of	lime;	
and	in	the	case	of	pure	limes,	if	
we	are	compelled	to	use	such	
miserable	stuff,	we	shall	not	be	
losing	much	in	resistance	if	we	
increase	to	3	cubic	feet	of	sand	
for	every	50	lbs.	of	the	
lime….Sco_	1862	



	It	appears	to	me	that,	for	
common	mortar	for	the	walls	
of	buildings,	the	former	[1:2,	
quicklime:sand]	may	be	
considered	the	maximum,	the	
la_er	[1:3,	quicklime:sand]	the	
minimum,	propor[on	of	lime	
that	ought	to	be	used.				Pasley	
1826.		
	
Hot	mixing	and	greater	lime	
propor[on	cri[cal	to	
enhanced	performance	
	
North	Yorkshire,	250	year	old	hot	mixed	
air	lime	





Calcareous	mortar,	being	
composed	of	one	or	more	of	the	
varie.es	of	lime	or	cement,	
natural	or	ar.ficial,	mixed	with	
sand,	will	vary	in	its	propor.ons	
with	the	quality	of	the	lime	or	
cement	used,	the	nature	and	
quan.ty	of	sand,	and	the	
method	of	manipula.on.	No	
fixed	rules	for	its	prepara.on,	
that	shall	be	equally	well	
adapted	to	all	the	varying	
circumstances	of	locality,	
temperature,	and	the	seasons,	
can	be	prescribed.		
		
Gillmore	Q	A	1861	



Three	tradi.onal	methods	of	slaking	lump	lime	-	which	might	be	of	air	lime,	
feebly	hydraulic	lime	or	hydraulic	lime:		
	
Giving	quicklime	in	a	ring	of	sand	(or	separately	in	a	mortar	box)	just	sufficient	
water	to	effect	the	slake	(powder	results),	or	a	liRle	more	to	form	a	s.ff	paste	
of	dough-like	consistency	before	mixing	(usually	whilst	s.ll	very	hot)	with	sand.	
This	the	‘common’	or	‘ordinary’	method,	called	so	across	Europe	and	North	
America,	usually	for	immediate	use.		
	
By	‘Immersion’	-	holding	a	basket	of	quicklime	beneath	water	un.l	slake	begins;	
.pping	this	into	a	pile,	to	slake	to	a	dry	powder,	to	be	mixed	with	sand	and	
sieved,	to	remove	underburned	or	over-burned	cores	-	typically	for	fine	stucco	
work.	Vicat	and	De	La	Faye	argue	this	best	method	for	building	mortars.	
Treussart	says	didn’t	deliver	on	its	promise	-	mortars	best	mixed	with	sand	
whilst	very	hot	and	used	the	next	day.		
	
Spontaneously	-	air	slaking.	May	take	up	to	a	year.	Imprac.cal	and	liRle	done,	
but	some.mes	for	hydraulic	lime	–	Smeaton	says	Blue	Lias	slaked	this	way	
around	Bath.		
	
Mixing	sand	and	unslaked	powdered	lime	together,	incrementally	adding	water	
and	mixing	straight	to	a	mortar	for	immediate	use	(hydraulic	and	air	limes).		



A	modifica.on	of	(the	immersion	method)		is	much	used	in	this	country	(Britain):		Enough	
water	is	thrown	on	the	lime	to	slake	it	to	a	powder,	and	then	sand	is	heaped	over	it	to	
cover	it	all	up	and	retain	the	warmth	and	moisture.	The	quan[ty	of	water	necessary	to	
bring	the	ingredients	to	a	paste	is	added	subsequently….	
	
Treussart…preferred	sprinkling	the	lime	as	it	came	from	the	kiln,	much	in	the	method	
adopted	for	hydraulic	limes	in	this	country,	to	either	of	the	other	plans.	…	
	
We	may	then	assume	that	wherever	the	work	is	of	sufficient	extent	to	jus[fy	the	first	
outlay	on	machinery,	hand	made	mortar	should	not	be	allowed.	The	cheapest	good	
method	of	mixing	is	probably	that,	now	commonly	adopted	on	large	works,	of	grinding	
the	ingredients	together	under	an	edge	stone.	This	is	recommended,	not	with	the	view	
of	reducing	the	sand	to	a	powder,	but	of	breaking	down	all	unslaked	par[cles,	and	of	
perfectly	incorpora[ng	and	condensing	the	ingredients.	If	the	edge	stone	system	is	too	
expensive	to	adopt,	a	pug	mill	forms	the	best	subs.tute	for	it.		
	
When	the	lime	is	first	ground	to	a	powder,	and	is	then	partly	mixed	with	the	sand	
before	any	water	is	added,	as	is	done	with	cements,	it	is	probable	that	much	be_er	
hand	mixtures	could	be	made,	but	there	is	danger	in	permieng	lime	to	be	ground	before	
it	is	brought	on	to	the	ground,	for	reasons	hereaier	to	be	explained,	and	it	is	essen[al	
that	it	should	be	finely	ground,	for	the	over-burned	par[cles	which	generally	escape	
grinding	are	precisely	those	which	most	require	it….(Sco_	1862)	
	



Mortar	making	as	shown	on	
Trajan’s	Column	(Rowland	&	
Howe	transla.on	of	Vitruvius	
1999),	above;	dry-slaking,	
Historic	England	2011.	lei.			
	
"This	vapour	awakens	and	
excites	the	appe[te	of	
the	workmen,”	(Fleuret	
quoted	by	Treussart)	



	
				‘Work’	Ford	Madox	Brown	(courtesy	Ian	Radcliffe)	

It	is,	however,	a	universal	rule,	in	contradic.on	to	the	slovenly	prac.ce	of	London	
builders,	that	all	limes,	of	what	nature	soever,	should	be	reduced	to	a	paste	before	
being	mixed	with	the	other	ingredients.	Burnell	1857	



To	slake	lime	by	the	ordinary	
method,	put	it	upon	a	dry	
horizontal	surface,	and	form	a	
ring	(enclosure)	around	it,	with	
the	inten[on	of	a]erwards	
mixing	with	it	the	materials	
which	will	cons[tute	the	mortar.	
These	‘basins’	are	commonly	
made	with	the	same	sand	with	
which	it	will	be	mixed.	It	is	be_er	
to	form	a	shallow	pit	with	sides	
of	stonework,	when	the	works	
will	be	of	long	dura[on,	the	same	
is	also	more	convenient	when	
slaking	hydraulic	limes.		
	
.		
	
Espinosa,	1859.	Spain.		



Some	shape	a	basin	with	sand	or	
cement	with	which	the	mortar	
will	be	made.	They	place	the	
quan[ty	of	lime	needed	and	slake	
it	by	adding	all	the	necessary	
water.	When	slaked,	they	mix	in	
the	sand	or	cement	and	prepare	
the	mortar	to	be	used	
immediately.	Others	place	the	
lime	in	a	small	sandy	basin,	shape	
a	heap	and	cover	it	with	sand,	
then	slake	it	by	aspersion	under	
the	sand,	as	the	same	method	of	
the	Ancients	and	Delorme.	When	
the	lime	has	slaked,	they	mix	it	
with	the	sand	and	prepare	their	
mortar	by	adding	the	necessary	
amount	of	water.	
	
Hassenfratz,	France	1825	(Michel)	



When	Making	mortar	ordinary	lime	mortars	are	thus	made	by	hand,	it	is	
customary	and	convenient	to	slake	the	lime	by	the	first	method	described,	and	
in	no	greater	quan[ty	than	may	be	required	for	immediate	use.	The	opera.on	
should	be	conducted	under	a	shed.	The	measure	of	sand	required	for	the	"	
batch"	is	first	placed	upon	the	floor,	and	formed	into	a	basin	for	the	recep[on	
of	the	unslaked	lime.	A]er	this	the	la_er	is	put	in,	and	the	larger	lumps	
broken	up	with	a	mallet	or	hammer;	the	quan[ty	of	water	necessary	to	form	
a	s[ff	paste	is	let	on,	from	the	nozzle	of	a	hose,	or	with	watering-pots,	or	even	
ordinary	buckets.	The	lime	is	then	s[rred	with	a	hoe,	as	long	as	there	is	any	
evolu[on	of	vapor,	a]er	which	the	ingredients	are	well	mixed	together	(p202)	
with	the	shovel	and	hoe,	a	li_le	water	being	added	occasionally	if	the	mass	be	
too	s[ff.	At	this	stage	of	the	opera[on,	it	is	customary	to	heap	the	mortar	
compactly	together,	and	allow	it	to	remain	un[l	required	for	use.	When	
circumstances	admit,	it	should	not	be	disturbed	for	several	days,	and	during	
the	period	of	its	consump[on	should	be	broken	down	and	"	tempered"	in	no	
larger	quan[[es	than	may	be	required	for	use	from	day	to	day.		
	
Gillmore	QA	(1864)	PRACTICAL	TREATISE	ON	LIMES,	HYDRAULIC	CEMENTS,	AND	
MORTARS.	CONTAINING	REP0RTS	OF	NUMEROUS	EXPERIMENTS	CONDUCTED	
IN	NEW	YORK	CITY,	DURING	THE	YEARS	1858	TO	1861,		



The	Mixing	Opera=on	is	carried	out	either	in	a	pit	or	on	a	close-
boarded	plasorm	of	wood.	The	sand	and	lime	are	measured	
into	the	correct	amounts	to	give	the	required	propor[on,	and	
the	sand	is	formed	into	a	circular	bank	on	the	plasorm.	The	
lime	is	then	placed	within	this	bank,	or	ring,	and	water	is	
sprinkled	on	with	a	hose-pipe,	which	is	best	suited	to	the	
purpose	when	fi_ed	with	a	rose	or	some	form	of	sprinkler.	
Steam	will	be	generated	during	this	sprinkling	opera[on,	and	
when	this	has	ceased,	the	lime	is	s[rred	with	a	‘larry’…The	sand	
is	then	shovelled,	star[ng	from	the	outside	of	the	ring	first,	on	
to	the	lime,	the	larrying	opera[on	being	con[nued	the	while.	
When	thoroughly	mixed,	the	mortar	is	lei	to	stand	for	a	week	or	
so	before	being	used,	when	it	should	be	‘buffered’,	or	beaten	up	
again	with	the	larry	and	shovel.	For	use,	it	is	customary	to	add	
more	water,	as	the	weRer	it	is,	up	to	a	point,	the	easier	it	is	to	
handle,	but	this	should	not	be	over-done.		
	
Newbold/Lucas	Modern	Prac.cal	Building	1950	
		



In	dry-slaking,	the	lime	is	spread	out	on	the	ground	in	a	layer	4	to	6	inches	thick,	and	is	
sprinkled	with	water	by	means	of	a	rose	on	a	watercan.	It	is	mixed	with	the	aid	of	a	
shovel,	and	is	then	heaped	up	and	lei	to	itself	for	a	day,	so	that	it	may	be	fully	slaked.	It	
is	advisable	to	cover	the	heap	with	sacks	so	as	to	retain	the	heat	in	it…	
The	dry,	slaked	lime	is	siied...so	that	all	coarse	par.cles	are	separated	and	a	really	fine,	
soi	powder	is	obtained.		
	
This	method	of	slaking	is	termed	‘dry-slaking’	in	contradis.nc.on	to	‘wet	slaking’,	in	
which	the	lime	is	mixed	with	three	or	four	[mes	its	weight	in	water	in	a	flat	wooden	
trough,	a	liquid	slurry	being	produced,	which…is	made	to	flow	into	a	pit	dug	out	of	the	
neighbouring	ground.		
	
With	both	methods	of	slaking	a	considerable	amount	of	heat	is	developed…(p75)	To	
produce	a	building	lime	of	good	quality	it	is	necessary	to	develop	as	much	heat	as	
possible,	avoiding	the	addi.on	of	too	much	cold	water	to	any	part	of	the	lump	lime	and	
screening	the	material	from	the	wind	and	draughts….Both	methods	of	slaking	will	
produce	an	equally	useful	lime	for	masonry	and	plastering.		
	
Van	der	Kloes	1914	
	
	
	
		



The	workmen	usually	slake	the	lime	mixed	with	the	sand	or	
gravel	in	great	heaps,	and	do	not	screen	it	un.l	the	most	
useful	part	is	debased	by	that	which	slakes	aier		
five	or	six	hours	or	more,	and	which	is	liRle	beRer	than	so	
much	powder	of	chalk.	But	if	they	would	screen	the	lime	in	
about	half	an	hour	a]er	the	water	is	thrown	on	it,	the	
mortar	would	be	much	be_er,	although	the	quan.ty	of	lime	
in	it	should	be	much	less;	for	I	observed	in	all	the	foregoing	
specimens,	that	those	which	contained	the	smallest	quan.ty	
of	lime	were	the	best;	and	this	quan[ty	is	much	smaller	than	
is	usually	employed	in	making	mortar.	Higgins	1780	
	
	
A]er	extensive	prac[cal	experiment,	Higgins	concludes	that	
mortars	have	best	bond	and	tenacity	when	made	up	and	
used	immediately	(hot).			



The	best	mode	of	slaking	hydraulic	lime	is	to	sprinkle	it,	as	it	
comes	from	the	kiln,	with	about	one	fourth	of	its	bulk	of	
water….	Before	sprinkling	the	lime,	it	is	to	be	surrounded	with	
the	(aggregates)	that	are	to	be	mixed	with	it,	and	when	it	is	
slaked	and	gives	out	no	more	vapours,	it	is	to	be	covered	with	
these.	The	lime	is	le]	in	this	state	for	twelve	hours	at	least,	and	
for	eight	or	ten	days	at	most.	The	quan[ty	of	water	necessary	
to	bring	the	mortar	to	the	ordinary	consistence	is	a]erward	
added.																																																																										Treussart	1842	



If	we	mix	two	parts	of	
sand	freshly	extracted	
from	the	river	with	
one	part	of	powdered	
quicklime,	it	will	
create	a	very	fa_y	and	
adherent	mortar.	De	
la	Faye	1777.		



Image,	Chris	Pennock	



Un.l	quite	recently,	opinions	
among	engineers	were	divided	as	
to	the	effect	of	.me	upon	the	
quality	of	paste	of	fat	lime,	
preserved	with	suitable	precau.ons	
for	future	consump.on.	General	
Treussart	entertained	the	opinion	
that	they	should	be	made	into	
mortar	and	used	soon	a]er	their	
ex[nc[on.	This	idea	finds	few	
advocates	at	the	present	day,	
although	the	prac[ce	in	
this	country	conforms	to	
it	with	singular	unanimity.		
	
[which	is	to	say	that,	in	prac=ce,	
and	craB	prac=ce	in	the	US,	hot	
mixing	was	generally	by	the	first	
method	and	taken	directly	to	a	
mortar	and	used	soon	aBer	being	
made].	Gillmore	1886	





The	plaisterers,	who	use	a	finer	
kind	of	mortar	made	of	sand	and	
lime,	observe	that	their	plaster	or	
stucco	blisters,	when	it	contains	
(p41)	small	bits	of	unslaked	lime;	
and	as	their	purpose	is	to	work	
their	stucco	to	a	smooth	surface,	
and	to	secure	it	from	cracking,	or	
any	such	roughness…and	as	the	
hardness	of	the	stucco	is	not	their	
chief	object,	they	very	properly	
keep	their	mortar	a	considerable	
[me	before	they	use	it,	to	the	end	
that	the	bits	of	imperfect	lime,	
which	passed	through	the	screen,	
may	have	.me	to	slake	thoroughly.	
Higgins	1780	



[In	building	with	pozzalana	underwater]	
unlike	and	unequal	en..es	that	have	been	
forcibly	separated	are	brought	together	all	
at	once.	Then	the	moisture-starved	heat	
latent	in	these	types	of	ingredients,	when	
sa[ated	by	water,	boils	together,	and	
makes	them	combine.		



Thus,	this	lime,	from	Pliny	and	Vitruvius,	used	aier	3	years	and	
with	a	great	deal	of	work	before	being	employed,	was	not	for	the	
composi[on	of	mortar	for	building,	but	for	uses	in	which	ill	mixed	
grains	would	have	caused	problems	and	was	reserved	for	
whitewashing	the	walls	and	to	give	the	perfect	finish	to	the	
plasters,	in	other	words,	for	light	works	that	the	authors	call	
'albaria	opera'.	
	
Fused	lime	:		
We	crush	quicklime	in	a	tub	by	submerging	it	in	water	un[l	it	has	
no	longer	any	heat	and	it	is	completely	soaked.	This	material	
turns	into	a	paste	a]er	24	hours,	then	we	add	sand	without	any	
real	propor[ons	and	we	will	add	again	some	water.	This	drowned	
lime	produces	a	mortar	that	dries	up	slowly	and	will	never	reach	a	
good	consistency,	because	this	drenched	lime	has	lost	its	
ap[tude	to	s[ck	to	other	materials.	
																																																						De	la	Faye	1777.	Transla.on:	Michel	
	
	
	
	



Paris	Building	Site	-	Diderot	Encyclopedia	1765	



(For	plastering)	The	safest	mode	of	preparing	lime	and	hair,	when	the	stone	is	of	a	
strong	nature,	is	by	forming	a	pan	or	bin	of	a	convenient	size,	perfectly	water-.ght,	and	
about	18	inches	in	depth.	A	large	tub	must	then	be	procured	into	which	the	lime,	a]er	
having	been	well	slacked	must	be	put	and	mixed	with	a	proper	propor[on	of	water,	
and	run	through	a	sieve	with	apertures	not	exceeding	a	quarter	of	an	inch,	un.l	the	pan	
is	filled,	when	the	hair	and	sand	must	be	added,	the	whole	being	well	incorporated	
with	a	drag	or	three-pronged	rake.	There	must	then	be	a	small	hole	made	at	a	suitable	
height	in	the	side	of	the	pan,	to	allow	the	water	to	escape.	A]er	thus	remaining	un[l	it	
be	sufficiently	set,	it	may	be	taken	out	of	the	pan	and	made	fit	for	use	by	the	
labourers.	
	
This	composi.on	is	used	for	the	first	or	pricking-up	coat,	and	for	the	floa.ng	of	ceilings	
and	walls.	It	is	also	used	for	mouldings	and	cornices	which	require	much	stuff,	in	which	
case	it	is	mixed	with	plaster	of	Paris.		
	
Plasterers'	Pu_y	is	prepared	from	unslacked	lime,	the	process	being	performed	by	
immersing	the	lime	in	water	where	it	remains	un[l	it	be	completely	dissolved;	the	
liquid	being	then	strained	through	a	very	fine	sieve	must	be	le]	in	this	state	un[l	set,	
when	it	is	considered	fit	for	use.	
		
PuRy	is	used	in	all	the	finer	branches	of	plastering,	as	for	the	setng	or	last	coats	of	
soffits,	and	for	the	running	of	mouldings	and	cornices.	When	it	is	used	for	mouldings,	
it	is	mixed	with	plaster	of	Paris,	which	induces	it	to	set	quickly	and	become	more	dense.	
Nicholson	1841	



Millar	(1898)	
	
There	are	three	methods	of	slaking	‘lump-lime’	-	the	first	by	
immersion;	the	second	by	sprinkling	with	water;	and	the	third	by	
allowing	the	lime	to	slake	by	absorbing	the	moisture	of	the	
atmosphere.	Rich	limes	are	capable	of	being	slaked	by	
immersion	and	kept	in	a	plas[c	state.	They	gain	in	strength	by	
being	kept	under	cover	or	water.	All	rich	limes	may	be	slaked	by	
mixing	with	a	sufficient		quan[ty	of	water,	so	as	to	reduce	the	
whole	to	a	thick	paste.	Lump	lime	should	be	first	broken	into	
small	pieces,	placed	in	layers	of	about	6	inches	thick	and	
uniformly	sprinkled	with	water	through	a	pipe,	having	a	rose	at	
one	end…and	covered	quickly	with	sand.	It	should	be	le]	in	this	
state	for	at	least	24	hours	before	being	turned	over	and	passed	
through	a	riddle	[dry-slaking].	The	layer	of	sand	retains	the	heat	
developed	and	enables	the	process	of	slaking	to	be	carried	out	
slowly	through	the	mass	



MORTAR	…for	plasterwork	it	is	usually	composed	of	slaked	lime,	
mixed	with	sand	and	hair	and	is	termed	‘coarse	stuff’…	
	
In	Scotland	the	coarse	stuff	is	generally	obtained	by	slaking	the	
lump	lime…with	a	combina.on	of	water	sprinkling	and	absorp.on.	
The	lime	is	placed	in	a	ring	of	sand,	and	in	the	propor[on	of	one	
of	lime	to	three	of	sand,	and	water	is	then	thrown	on	in	sufficient	
quan[[es	to	slake	the	greater	por[on.	The	whole	is	then	covered	
up	with	the	sand,	and	allowed	to	stand	for	a	day;	then	turned	over,	
and	allowed	to	stand	for	another	day;	aierwards	it	is	put	through	
a	riddle	to	free	it	from	lumps,	and	allowed	to	stand	for	six	weeks	to	
further	slake	by	absorp.on.	It	is	next	‘soured’	-	that	is,	mixed	with	
hair	ready	for	use.	Some.mes	when	soured,	it	is	made	up	in	a	large	
heap,	and	worked	up	again	as	required	for	use.		
	
Millar,	Plastering	Plain	and	Decora.ve	



Now,	while	all	this	precau.on	is	
taken	in	regard	to	plastering,	in	
making	mortar	for	building	the	lime	
is	slaked	and	made	up	at	once,	and	it	
is	frequently	used	within	a	day	or	
two.	But	this	is	not	all.	Limes	which	
are	unsuitable	for	plasterwork,	
known	as	hot	limes,	and	which,	
when	plasterers	are	obliged	to	use	
them,	must	be	slaked	for	a	period	of	
-	not	three	weeks,	but	more	-	nearly	
three	months	before	using,	and	are	
then	not	quite	safe	from	blistering,	
are	the	limes	mostly	used	for	
building	purposes.		

Slingsby	N	Yorks	2009;	Fylingdales	
2011-12	



Compare	the	method	of	slaking	recommended	by	
Vitruvius	and	that	of	the	skilled	Italian	plasterer	with	the	
modern	method	of	slaking	the	lime	in	the	middle	of	a	
ring	of	sand	and	almost	immediately	hoeing	in	the	sand.	
	
	In	the	present	prac[ce	more	o]en	than	not,	the	plaster	
is	placed	on	the	wall	or	the	mortar	laid	between	the	
bricks	within	a	few	hours.		
	
….	From	all	the	advantages	possessed	by	hydrated	lime	it	would	
appear	to	be	the	best	form	of	lime	to	be	used.	It	is	perfectly	logical	
that	the	process	of	slaking	should	be	taken	away	from	the	
haphazard	manner	used	on	the	work	and	done	at	the	point	of	
manufacturer	of	the	lime,	where	skilful	supervision	is	possible.	
(80)	
																																																																																					Lazell	(USA)	1915	



Threshing	Barn,	Thornton	Dale	
Sam	Baxter	&	NC	2012	



Building	Account,	the	Queen’s	House,	Greenwich	1616-1618	
	
Bricks…£207	16s	6d	
		
Lyme	(some	delivered	by	William	GrammaR)…£63	16s	6d…	
	
Sande	360	lodes	at	10d	the	lode…	
	
12	wheelbarrowes	
		
BaskeRe	viz	10	dozen	and	6.				Shovells	7	dozen					Pails	24	
		
Lime	sives	viz	6	at	12d	the	pece		
	
Caske,	viz	two	barrels…and	two	hogsheads…to	make	watertubbes.		
		
Masons	115s	10d	;	Bricklayers		£63	10s	1d	
	
Samuel	Avery,	William	Browne	and	others	for	slacking,	si]ing	and	wetng	of	
lyme	into	morter	at	12d	the	hundred.		
	
		
	
	
	
	
		



Moxon	1703	
	
First:	That	the	Morter	be	made	of	well-burnt,	good	Lime	and	sharp	Sand,	and	that	it	
have	a	good	propor.on...to	wit,	to	one	Bushel	of	Quicklime,	a	Bushel	and	a	half	of	
sand	
	
Secondly:	when	you	slack	the	Lime,	take	care	to	wet	it	everywhere	a	liRle,	but	do	not	
over-wet	it,	and	cover	with	sand	every	laying,	or	bed	of	lime...so	that	the	steam	or	
Spirit	of	the	Lime,	may	be	kept	in,	and	not	flee	away,	but	mix	itself	with	the	Sand,	
which	will	make	the	Morter	much	stronger	than	if	you	slack	all	your	lime	first,	and	
throw	on	your	sand	altogether	at	last,	as	some	use	do....	
	
Thirdly,	that	you	beat	all	your	Morter	with	a	beater	three	or	four	.mes	over	before	
you	use	it,	for	thereby	you	break	all	the	knots	of	lime	that	go	through	the	sieve	and	
incorporate	the	sand	and	lime	well	together,	and	the	air	which	the	beater	forces	into	
the	mortar	at	every	stroke	conduces	very	much	to	the	strength	thereof		
	
	Mechanick	Exercises;	or	the	Doctrine	of	Handy-works	applied	to	the	Arts	
of	Smithing,	Joinery,	Carpentry,	Turning,	Bricklayery		



…Some	workmen	tell	me,	that	
.s	the	best	way	not	to	use	
mortar	as	soon	as	it	is	made;	
nor,(in	making	it)	to	make	the	
lime	run	before	it	is	mixed	
with	the	sand	(as	some	do),	
but	rather	to	take	the	sand	
and	throw	it	on	the	lime	
whilst	it	is	in	stones	before	it	
is	run,	and	so	to	mix	it	
together,	and	then	wet	it,	by	
which	means,	they	say,	it	will	
be	the	stronger,	and	when	it	
has	lain	a	while	made	before	
[s	used,	will	not	be	subject	to	
blow	and	blister.	Neve	1726	



it	is	a	great	error	in	mason,	
bricklayers,	etc	to	let	the	lime	
slacken	and	cool	before	they	
make	up	their	mortar,	and	
also	to	let	their	mortar	cool	
and	die	before	they	use	it.	
Therefore	(says	he)	if	you	
expect	your	work	to	be	well	
done,	and	long	to	con.nue,	
work	up	your	lime	quick,	and	
but	a	li_le	at	a	[me,	that	the	
mortar	may	not	lie	long	
before	it	be	used.		
Worledge,	quoted	by	Neve	
1726	
	
		
	



For	6,300	loads	of	sand	and	stone	carried	
For	portage	of	207	loads	of	lime	from	the	kiln	to	the	
work	
And	for	portage	of	200	loads	of	water	
And	for	breaking	chalk	up	into	small	pieces	for	two	kilns	
made	by	us	below	the	cliff	
	
Account	for	works	to	Dover	Castle	May	1221	(Colvin	
Building	Accounts	of	Henry	III)	



The	several	kinds	of	Mortar	used	in	Buildings	are	Eight,	
viz	
		
*Inside	and	Outside	mortar	made	of	Lime	and	Sand	
*Terrace	Mortar,	made	of	Lime	and	Terrace	
*Brick-Dust	Mortar,	made	of	red	Stock	Brick	dust	and	
Lime	
*Bastard	Terrace,	made	of	a	Smith’s	Forge	Ashes	and	
Lime	
*Pargeeng	Mortar,	made	of	Lime	and	Horse-dung	
*Furnace	Mortar,	for	Furnaces,	Ovens,	Kilns,	etc	made	
of			Woolwich	Loam	or	Windsor	Loam	only	
	*Plaister	Mortar,	made	of	calcined	Alabaster	
*Fine	Mortar,	called	PUTTY,	for	rubbed	and	gaged	
Works,	made	of	Lime	only.				Langley	1750	



Inside	Mortar:	1	Load	of	Sand	put	1	½		Hundred	of	Lime,	which	mix	
up	together	as	the	Lime	is	slacked	in	small	Quan[[es.	
	
Out-Side	Mortar:	(sharpest,	cleanest	sand)	The	Propor.on	that	the	
Lime	should	have	to	the	Sand,	is	as	2	is	to1,	viz.	2	heaped	Bushels	of	
unslacked	Lime	to	1	di_o	of	Sand		
	
Terrace	Mortar	is	chiefly	used	in	Walls	exposed	to	Water,	as	to	
Rivers,	Ponds,	Cisterns,	Bog-Houses,	Cold	Baths	&c…The	best	
Terrace	Mortar	is	made	with	two	Bushels,	&c.	of	hot	Lime,	and	one	
Bushel	&c.	of	Terrace	.		
	
Brick-dust	mortar:	To	two	heap’d	Bushels	of	hot	Lime	put	one	
heap’d	Bushel	of	Brick-dust	made	from	red	Stock	Bricks,	which	mix,	
beat,	and	work	up,	as	before	directed	for	Terrace.		
	
Likewise,	sea	coal/forge	scale	mortars		
	
	
	
		
	
	



The	Expense,	prime	cost,	of	making	a	
	hundred	of	lime	into	inside	mortar		
with	loamy	Sand,	is	as	follows,	viz	
	
1.	Hundred	of	lime											0					9					0	
2.	Load	of	Sand																		0					3					0	
3.	A	Labourer	¾	day,		
to	slack,	si],	turn	up		
and	chafe																											1							1						6	
	
	
	
Langley	1750	
	
	
	Crowland	Abbey	2014	Alex	Carrington	conservator	



The	Mortar	in	which	rubbed	and	
gauged	Bricks	are	set	is	called	
Pu_y,	and	is	thus	made:		
		
Dissolve	in	any	small	Quan[ty	of	
Water,	as	two	or	three	Gallons,	
so	much	fresh	Lime	(constantly	
s[rred	with	a	S[ck)	un[l	the	
Lime	be	en[rely	slacked,	and	the	
whole	become	of	the	Consistency	
of	Mud;	so	that	when	the	S[ck	is	
taken	out	of	it,	it	will	but	just	
drop;	and	then	being	si]ed,	or	
run	through	a	Hair	Seive,	to	take	
out	the	gross	Parts	of	the	Lime,	is	
fit	for	Use.		
	
BaRy	Langley	1750	London	Prices	
of	Bricklayers’	Materials	and	
Works	
		

Aldby	Park	(1726)	
and	Scampston	



LIME,	MORTAR,	SAND,	&c.	Delivered	at	the	Works.		
	
	
Dorking	or	Mertsham	lime		
Chalk	lime		
Lime	and	hair	
Pargeeng		
Fine	stuff		
Blue	poin.ng	mortar		
Darkened	or	coloured	poin.ng	mortar		
Stopping	mortar	for	tuck	poin.ng		
White	mortar	for	diRo		
Cement		
Windsor	loam		
Stourbridge	ground	clay		
Clean	river	sand		
Plaster		
	
From	the	accounts	of	the	building	of	the	Palace	of	Westminster	1847-48	





“The	term	puRy,	beRer	known	as	the	cement	for	fixing	glass	in	windows,	is	applied	in	
brickwork	to	a	very	different	substance,	which	is	nearly	the	same	as	hot	lime	grout,	It	is	
made	by	dissolving	in	a	small	quan[ty	of	water,	as	much	hot	lime	as,	when	slaked,	and	
con.nually	s.rred	up	with	a	s.ck,	will	assume	the	consistency	of	mud…It	is	then	siied,	
in	order	to	remove	the	unburnt	parts	of	the	lime,	and	should	be	used	without	delay.		
		
It	is	only	proper	for	gauged	brickwork,	or	for	the	ornamental	outside	work	of	brick	
walls….”	(9).	Pasley	1826)	



FINE-STUFF,	is	pure	lime,	slaked	
with	a	small	por[on	of	water,	and	
a]erwards	well	saturated,	and	put	
into	tubs	in	a	semi-fluid	state,	
where	it	is	allowed	to	seRle,	and	
the	water	to	evaporate.	A	small	
propor.on	of	hair	is	some.mes	
added	to	the	fine-stuff.	Stucco,	for	
inside	walls,	called	trowelled	or	
bastard	stucco,	is	composed	of	the	
fine-stuff	above	described,	and	
very	fine	washed	sand,	in	the	
propor.on	of	one	of	the	laRer	to	
three	of	the	former.	All	walls,	
intended	to	be	painted,	are	
finished	with	this	stucco.		
	
Kelly,	New	Prac.cal	Builder	(1823)	



Modern	Prac.cal	
Building	1937	
	
Quicklime	run	to	
puRy,	later	hand-
mixed	



Lime	was	once	one	of	the	most	important	of	building	materials,	but	its	use	is	tending	to	
become	restricted	on	account	of	the	employment	of	cement	and	the	different	makes	
of	gypsum	plasters	that	are	today	on	the	market.	These	subs.tutes	are	justly	popular,	
on	account	of	their	more	scien.fic	manufacture	and	resul.ng	standardised	
composi.on,	which	renders	them	easier	to	employ	on	modern	construc.onal	work	
where	large	quan..es	of	material	are	mixed	by	mechanical	means.	Nevertheless,	
many	builders	of	experience	s.ll	hold	that	lime	possesses	a	number	of	valuable	
quali[es	which	up	to	the	present	have	not	been	reproduced	in	other	materials.		

Methods	employed	to	hasten	the	hardening	process.		
		
For	many	years	it	was	the	custom,	when	work	had	to	be	hurried,	to	mix	plaster	of	
paris	with	the	coarse	undercoa.ng	in	order	to	speed	up	the	hardening	process	and	
allow	work	to	proceed	without	wai.ng	for	natural	drying	to	take	place….	
	
	It	has	to	be	realised	that	when	plaster	of	paris	or	any	other	seeng	agent	is	added	to	
lime,	it	is	only	that	agent	which	actually	sets,	not	the	mass	of	lime	with	which	it	is	
mixed,	and	that	the	moisture	contained	in	the	mass	has	s.ll	to	be	evaporated;	also,	
un.l	evapora.on	takes	place,	the	lime	cannot	carbonate.		
	
…When	water	is	added	to	quicklime	it	immediately	becomes	hot,	swells	to	nearly	twice	
its	original	bulk,	and	finally	falls	apart	into	a	powder.	If	more	water	is	added	un.l	the	
mass	becomes	a	pulp,	it	is	known	as	puRy.		
																																																																							Modern	Prac.cal	Building	Magazine	(1937)	
	



For	these	(ceiling	
finishes),	gypsum	is	the	
last	thing	one	wants	to	
mix	in;	instead,	they	
should	be	composed	of	
marble	siied	to	a	
uniform	consistency,	so	
that	one	part	will	not	
an[cipate	the	other	in	
drying,	but	the	whole	
will	dry	at	a	uniform	
rate…	Vitruvius	



Internal	Plastering	–	Plastering	to	internal	surfaces	is	carried	out	with	sanded	
mixes	of	a)	lime,	b)	plaster	or	c)	lime	gauged	with	either	plaster	or	cement….	
	
Nowadays,	plastering	is	hurriedly	done	on	walls,	etc	that	have	not	properly	
seRled	down,	subjected	during	applica.on	and	aierwards	to	jarring	and	other	
disturbance	from	other	tradesmen	working	on	the	comple.on	of	the	building.	
These	condi.ons	have	led	to	certain	modifica.ons	in	prac.ce,	with	the	idea	of	
facilita.ng	applica.on	earlier	in	the	building	programme,	and	in	a	shorter	.me;	
also	to	give	the	sufficient	early	strength	to	enable	the	work	to	withstand	vibra.on	
etc,	without	weakening	the	bond.	To	ensure	this	the	lime	is	gauged	with	material	
having	a	more	rapid	set,	hydraulic	or	otherwise,	plaster	or	cement	being	
commonly	used.	Alterna.vely,	plaster	may	be	used	without	lime,	sanded	for	
undercoats,	and	either	lightly	sanded	or	alone	for	finishing	coats.		
		
LIME	MIXES.	Quicklime	for	plastering	is	run	to	puRy	as	follows:	the	tub	or	other	
slaking	vessel	is	half-filled	with	water,	the	lime	added	slowly	(p154)	and	s.rring	
carried	out	con.nuously,	more	water	and	lime	being	added	alternately	so	as	to	
keep	the	boiling	ac.on	from	becoming	too	violent.	Aier	the	slaking	has	finished	
and	the	slurry	cooled,	it	is	poured	through	a	1/8	inch	sieve	into	a	tank	or	tub	for	
maturing.	This	takes	from	2	to	3	weeks,	and	the	slurry	thickens	as	it	faRens	into	
puRy.		(Geeson	1952)	



I	just	spoke	to	my	granddad,	James	Edgar,	back	in	Liverpool	(he’s	85).			
	
He	worked	as	a	scaffolder	with	SGB	for	quite	a	few	years	aier	the	merchant	navy.		
He	recalls	lime	pits	on	sites	all	over	the	UK	in	the	50s.		He	told	me	that	lump	lime	
was	delivered	to	site	and	put	straight	into	the	roll-pan	mixers	(he	described	a	
circular	drum	with	a	lip	of	only	6	inches	or	so,	and	a	stone	wheel	rota.ng	and	
crushing	the	lime	–	he	said	it	was	like	a	flour	mill).		He	says	that	the	plasterers	had	a	
“soil-pit”	dug	up	to	10	i	deep	and	this	is	where	they	ran	the	lump	lime	to	puRy.		
Interes.ngly,	he	remembers	it	going	into	the	soil	with	the	consistency	of	milk.		He	
reckons	they	couldn’t	have	lei	it	more	than	2	weeks	before	using	it	–	and	that	it	
was	s.ll	hot	and	dangerous	when	they	opened	the	pit	up	to	use	it.		He	made	
specific	reference	to	a	couple	of	council	estates	being	built	in	the	50s,	in	north	
Liverpool.		Brick	exteriors,	lime	plaster	interiors,	apparently.		He	said	the	brickies	
used	the	puRy	too,	
		
I	asked	him	if	he	ever	saw	the	lump	lime	being	mixed	with	sand	right	away	and	
used	there	and	then	and	he	said	“no,	that	was	your	crowd,	the	stonemasons,	who	
used	it	like	that”.	
	
David	Edgar,	Ontario.		



Holy	Trinity,	Goodramgate.	East	end	
during	winter	2013-14.		
Tower	summer	2014.	Quicklime	
watering;	hot	mixed	repoin.ng,		
mortars	repairs,	bedding	mortars	and	
sheltercoats.	1	Calbux90:		
1	oolite:	2	sharp	sand.		



Clean,	potable	water	is	run	into	the	tank	to	a	depth	of	approximately	300mm	and	the	
quicklime	is	added	by	shovel	(NB:	the	water	is	not	added	to	the	quicklime	–	this	is	
extremely	dangerous);	because	the	violent	reac.on	which	can	occur	between	the	water	
and	fresh	quicklime	frequently	raises	the	water	temperature	to	boiling	point	[one	
would	hope	so,	but	does	it	in	fact?],	this	opera.on	must	be	carried	out	slowly	and	
carefully….	
	
The	slaking	lime	must	be	hoed	and	raked	and	s.rred	un.l	the	visible	reac.on	has	
ceased;	enough	water	must	be	used	to	avoid	the	coagula.on	of	par.cles	which	
significantly	reduces	the	plas.city	of	the	lime….	
	
it	is	always	beRer	to	have	an	excess	of	water	than	not	enough.	The	addi.on	of	water	
and	quicklime	con.nues	un.l	the	desired	quan.ty	has	been	slaked….		
	
Sieving	the	puRy	through	a	5mm	screen	will	remove	unburnt	lumps	and	the	larger	
coagula.ons….	
	
The	lime	puRy,	with	a	shallow	covering	of	water,	should	be	kept	for	a	minimum	period	
of	two	weeks	before	use.	Two	months	is	a	beRer	period	if	prac.cable	and	there	is	no	
upper	limit	of	.me.	The	minimum	period	is	to	ensure	that	the	en.re	mass	is	thoroughly	
slaked.	Aier	this	.me,	plas.city	and	workability	go	on	increasing.		
	
Ashurst	&	Ashurst	1988	



Slaking	lime	with	sand	
		
A	varia[on	on	the	slaking	procedure,	which	has	a	long	tradi[on	
behind	it,	is	to	slake	the	quicklime	in	a	pit,	already	mixed	with	the	
sand	which	is	to	be	combined	as	mortar	or	plaster.	The	lime	needs	
to	be	in	small	lumps	so	it	can	be	accurately	batched	by	volume	
against	the	sand.	The	process	requires	.me	and	space	and	is	really	
only	prac.cable	in	long	programmes	of	repair	or	restora.on,	where	it	
is	intended	to	lay	up	quan..es	of	lime	puRy	[?]	and	sand	for	a	long	
.me.	The	technique	has,	however,	a	dis[nct	advantage	over	more	
familiar	mixing	procedures	in	that	this	early	marriage	between	
binder	material	and	aggregate	encourages	the	covering	of	all	the	
aggregate	par[cles	with	a	lime	paste	in	a	way	and	to	a	degree	
which	can	never	be	matched	by	conven[onal	modern	mixing.		
	
Ashurst	&	Ashurst	1988	
		



(Mortars	at	Fort	Warren	(Boston	Harbour)	mixed	by	mortar	mill	and	lime	slaked	
by	being	thrown	into	a	surplus	of	water…)	
		
159.	The	lime,	thus	deluged	with	water,	loses	probably	some	por[on	of	its	
binding	quali[es,	but	the	mortar	at	Fort	Warren	almost	always	contains	
hydraulic	cement;	and	as	this	substance	sets	rapidly,	it	is	highly	essen.al	that	the	
lime	should	be	thoroughly	slaked	before	the	admixture	of	the	ingredients.	With	
the	view,	therefore,	of	ensuring	this,	as	well	as	from	regard	to	convenience	and	
economy,	the	lime	is	reduced	to	the	milky	consistence	before-men.oned,	and	
allowed	to	remain	in	the	vat	as	long	as	possible.	It	should	be	remembered,	that	

the	above	method	applies	only	when	cement	is	added	to	
the	lime.	When	no	cement	is	used,	the	lime	must	be	
slaked	in	the	ordinary	way,	as	the	drenching	of	the	lime	
would	greatly	impair	its	binding	proper[es.	
	
Wright	(1845)	



Coarse	stuff	[for	plastering]	is	nothing	
more	than	common	lime	mortar,	
suitable	for	brick	masonry,	to	which	
has	been	added	a	quan.ty	of	well-
switched	bullock’s	hair,	to	act	as	a	kind	
of	bond.	The	following	propor.on	is	a	
good	one:		
	
1	cask	lime	–	8	cubic	feet	of	paste:	
Sand	–	16	to	18	cubic	feet	
Hair	–	1	½	cubic	feet.		
	
When	ample	.me	for	hardening	
cannot	conveniently	be	allowed,	it	will	
be	advantageous	to	replace	12	to	15	
per	cent	of	the	lime	paste	in	the	
coarse	stuff,	by	an	equal	volume	of	
hydraulic	cement	or	plaster	of	Paris.		
	
	Gillmore	1861/1886	



The	workmen	usually	slake	the	lime	mixed	with	the	sand	or	
gravel	in	great	heaps,	and	do	not	screen	it	un.l	the	most	
useful	part	is	debased	by	that	which	slakes	aier		
five	or	six	hours	or	more,	and	which	is	liRle	beRer	than	so	
much	powder	of	chalk.	But	if	they	would	screen	the	lime	in	
about	half	an	hour	a]er	the	water	is	thrown	on	it,	the	
mortar	would	be	much	be_er,	although	the	quan.ty	of	lime	
in	it	should	be	much	less;	for	I	observed	in	all	the	foregoing	
specimens,	that	those	which	contained	the	smallest	quan.ty	
of	lime	were	the	best;	and	this	quan[ty	is	much	smaller	than	
is	usually	employed	in	making	mortar.																	Higgins	1780	
	
	
A]er	extensive	prac[cal	experiment,	Higgins	concludes	that	
mortars	have	best	bond	and	tenacity	when	made	up	and	
used	immediately	(hot).			



Builders	employ	two	methods	of	compounding	their	mortar:	—	First,	when	it	is	
required	to	convey	it	in	a	dry	state	to	the	work,	it	is	done	by	forming	a	bed	of	
lime,	surrounding	it	with	sand,	and	then	throwing	on	the	lime	a	sufficient	
quan[ty	of	water	to	slack	it,	and	covering	it	up	immediately	with	sand;	a]er	it	
has	remained	some	[me	in	this	state,	it	is	turned	over,	and,	if	necessary,	
screened.	The	mixture	is	now	in	the	state	of	a	dry	powder,	and	can	be	carted	to	
the	work,	where	more	water	is	added	and	it	is	chafed	up	for	use.	
		
The	other	method	is	employed	when	there	is	convenience	for	making	it	up	at	the	
work.	In	this	case	it	is	what	is	termed	"	larryed.	"	Thus:	—	the	lime	is	put	into	the	
middle	of	a	bed	of	sand,	and	a	large	quan[ty	of	water	thrown	on,	and	with	lime-
hoes	mixed	up	immediately	un[l	completely	incorporated.	It	is	then	allowed	to	
remain	for	a	few	hours,	when	it	becomes	set,	and	of	proper	consistency	for	use.	
The	lime	when	turned	up	in	this	way	will	admit	of	a	larger	quan[ty	of	sand,	as	all	
the	par[cles	of	lime	are	dissolved,	whereas	by	the	first	method	there	are	always	
small	par[cles	of	the	lime	which	cannot	be	properly	mixed,	however	much	it	
may	be	chafed	up.	
	
Davy	C	(1839)	the	architect,	engineer	and	opera0ve	builders	construc0ve	manual	



Hot	mix	sample	panel,	St	Mary	the	Virgin,	
Lindisfarne.	April	2015	



The	best	mode	of	slaking	hydraulic	lime	is	to	sprinkle	it,	as	it	
comes	from	the	kiln,	with	about	one	fourth	of	its	bulk	of	
water….	Before	sprinkling	the	lime,	it	is	to	be	surrounded	with	
the	(aggregates)	that	are	to	be	mixed	with	it,	and	when	it	is	
slaked	and	gives	out	no	more	vapours,	it	is	to	be	covered	with	
these.	The	lime	is	le]	in	this	state	for	twelve	hours	at	least,	and	
for	eight	or	ten	days	at	most.	The	quan[ty	of	water	necessary	
to	bring	the	mortar	to	the	ordinary	consistence	is	a]erward	
added.																																																																										Treussart	1842	
	
SLAKED	LIME	IS	TO	BE	PREPARED	FROM	HYDRAULIC	LIME	BY	SPRINKLING	THE	REQUISITE	
QUANTITY	OF	WATER	ON	THE	LIME,	COVERING	UP	LIGHTLY	SO	AS	TO	RETAIN	THE	HEAT	AND	
MOISTURE	FOR	24	HOURS;	AND	THEN	THOROUGHLY	STIRRING	AND	INCORPORATING	THE	SAND,	
TOGETHER	WITH	MORE	WATER	AS	REQUIRED..	
	
ALL	MORTAR	SHALL	BE	THOROUGHLY	MIXED	TO	A	UNIFORM	CONSISTENCE	WITH	ONLY	
SUFFICIENT	WATER	TO	ATTAIN	A	PLASTIC	CONDITION	SUITABLE	FOR	TROWELLING;	AND	
HYDRAULIC	MORTAR	SHALL	BE	USED	WITHIN	10	DAYS	OF	SLAKING	THE	LIME.		
	
Cowper	1927.		
	



Take	fiieen	bushels	of	fresh	pit	sand,	well-siied;	
add	thereto	fiieen	bushels	of	stone	lime.	Let	it	be	
moistened	or	slacked	with	water	in	the	common	
manner,	and	so	laid	two	or	three	days	together,	
then	dissolve	20lb	of	Jaggery,	which	is	coarse	
sugar	(molasses)	and	sprinkle	onto	the	heap….
(plus	other	organic	maRer)...	the	mortar…	proves	
extraordinary	good	for		laying	brick	or	stone	
therewith.		Isaac	Pike	to	Edmund	Halley	1731,	
speaking	of	mortar	in	India.			
	



Dossie	1771	Memoirs	of	Agriculture.	(Also	quoted	in	
Par.ngton	(1825)	
	
The	manner	of	preparing	this	mortar	is	as	follows:		Take	
of	unslacked	lime,	and	of	fine	sand,	in	the	propor[on	of	
one	part	of	the		lime	to	three	parts	of	the	sand,	as	much	
as	a	labourer	can	well	manage	at	once:	and		then,	adding	
water	gradually,	mix	the		whole	well-together	by	means	
of	a	trowel,	.ll	it	be	reduced	to	the	consistence	of	mortar.	
Apply	it	immediately,	while	it	is	yet	hot,	to	the	purpose,	
either	of	mortar,	as	a	cement	to	brick	or	stone;	or	of	
plaster	for	the	surface	of	any	building.			
	
	
	



The	superiority	of	this	to	the	common	mortar	is	owing	
to	the	in[mate	commixture	of	the	lime	with	the	sand,	
at	the	same	[me	it	is	combined	with	the	water,	
before	its	aRrac.ve	power,	be	diminished	by	its	
combina.on	with	water:	and	this	shews	the	defect	in	
the	common	method	of	making	mortar:	where	the	
lime	is	slacked	before	it	is	(p25)	commixed	with	the	
sand	;	and	where,	in	part,	old	mortar,	common	earth,	
or	other	substances,	with	which	lime	has	no	peculiar	
specific	aRrac.on,	are	generally	added,	or	used	wholly	
in	the	place	of	sand.		
	
Dossie	R	(1771)	Memoirs	of	Agriculture	
		



To	saturate,	or	fill	up,	a	wall	with	mortar,	is	a	prac[ce	which	
ought	to	be	had	recourse	to	in	every	case,	where	small	
stones,	or	bricks,	admit	of	it.	It	consists	in	mixing	fresh	lime	
with	water,	and	pouring	it,	while	hot,	among	the	masonry	in	
the	body	of	the	wall.		Kelly’s	Prac[cal	Builder	and	Opera[ves	
Companion	1823	



Hot	mixed	and	haired	lime	‘shee.ng’	over	riven	
lath	beneath	pan.les.	Common	paRern	since	
c1780.	Lost	to	‘breathable’	felt	every	day.		
	
Similarly	hot-mixed	hemp	shiv	and	lime	shee.ng	
lighter	and	more	insula.ng.	
Insula.ng,	moisture	resistant,	vapour	permeable	
and	flexible.		



In	some	areas,	we	gradually	form	the	lime	as	a	heap	while	spraying	
it,	we	then	cover	it	with	fresh	sand	in	which	the	lime	crumbles	to	
powder	and	can	be	conserved	and	used	for	a	few	days.	Vicat	1856	
(Michel)	
	
Vicat	interpreted	crumbly	earth-lime	mortars	as	‘fat	lime	mortars’	
and	called	for	them	to	banned	in	favour	of	hydraulic	limes	used	‘in	
the	air’	for	buildings	of	‘importance’	whilst	acknowledging	that	all	
buildings	‘of	liRle	importance’	were	built	with	them	
	
“this	engineer	(Vicat)	did	not	content	himself	with	experiments	on	a	
small	scale:	a	manufactory	was	established	near	Paris	by	his	means,	
where	ar[ficial	hydraulic	lime	is	made	in	large	quan[[es;	he	
moreover	exerted	himself	to	extend	the	use	of	hydraulic	mortar	
every	where,	and	he	succeeded.”	Treussart	
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Hot-mixed mortar: current advice 
 
Hot-mixed mortar is not simply a single 
product 
•  Different mixing methods suitable for different 

applications 

•  Degree of hydraulicity can be varied 

•  Gauging with hydraulic lime 

•  Adding pozzolan 

•  Aggregates can be varied 

Coventry, October 2016 



‘Hot-mixed	mortar’	embraces	both	non-hydraulic	
and	gauged	hydraulic/pozzolanic	mixes	prepared	
with	quicklime	and	used	hot.	It	also	covers	
mortars	prepared	by	hot	mixing	and	then	stored	
either	as	a	dry	hydrate/aggregate	mix	or	as	coarse	
stuff,	and	used	at	a	later	date	when	the	materials	
are	cold.	This	then	embraces	a	huge	paleRe	of	
different	types	of	mortar	suitable	for	a	wide	
variety	of	applica.ons	(as	was	the	case	
historically),	all	of	which	can	be	prepared	by	hot	
mixing.		
					
Alison	Henry,	Historic	England	Conserva.on	Research	Team.		





The	next	Material	is	the	Lime;	Chalk-lime	is	the	constant	
Prac[ce,	which,	well	mixed	with	good	Sand,	is	not	amiss,	
though	much	worse	than	hard	Stone-lime.	The	Vaul[ng	of	
St.	Paul's	is	a	rendering	as	hard	as	Stone;	it	is	composed	of	
Cockle-shell-lime	well	beaten	with	Sand;	the	more	Labour	
in	the	bea[ng,	the	be_er	and	stronger	the	Mortar.		
	
Wren	Memoirs	1708.		Smeaton	tested	Cockle-shell	lime	and	found	it	be	much	the	same	as	

chalk	lime.		
Most	of	the	lime	made	use	of	in	London	is	prepared	from	
chalk,	and	the	‘greater	por.on	comes	from	Purfleet,	in	
Kent;	but,	for	stuccoing,	and	other	work,	in	which	strength	
and	durability	is	required,	the	lime	made	at	Dorking,	in	
Surrey,	is	preferred.	(Kelly	1823	The	New	Prac.cal	Builder	
and	Workman’s	Companion	also	in	Nicholson	1841,	word	
for	word)	



The	lime	used	for	common	mortar	in	
and	about	London	is	made	from	
white	chalk,	oien	imperfectly	
burned;	but	a	superior	kind	is	
procured	from	employing	the	grey	
chalk	of	Dorking,	which	contains	
some	clay,	yet	not	enough	to	form	
the	best	hydraulic	lime.		
	
To	form	mortar,	fresh	slaked	lime	is	
mixed	up	with	a	sufficient	quan.ty	of	
proper	sand,	water	enough	being	
added	to	make	it	into	a	tough	paste.	
In	mixing	the	lime	and	sand	together,	
considerable	labour	should	be	used;	
as	it	is	found	that	the	bea.ng	the	
mortar	well,	so	as	to	incorporate	the	
materials	thoroughly,	is	essen.al	to	
make	it	of	good	quality,	and	fit	for	
the	mason	or	bricklayer.	Webster	
1844	
	
	



Faceby,	North	York	Moors.	
Mason:	Steve	Coupland	



Binders	rou.nely	used	at	Chatham	Dockyard:		
	
Most	building	above	ground	with	chalk	lime	at	1:3;	subsequently	
repointed	as	necessary	with	feebly	hydraulic	(Dorking	or	Halling)	
lime	or	with	natural	cement	(Sheppey	or	Harwich).		
	
Water	limes:	Previously	fat	lime	within	wharf	walls,	faced	up	with	
fat	lime	plus	pozzalan	(from	Italy)	or	trass	from	Holland.	Now	
(1838),	natural	cement	throughout.		
	
Blue	Lias	(‘the	strongest	water	limes	of	this	country’),	necessarily	
mixed	at	1:2;	Dorking	or	Halling	lime	-	Halling	from	near	Rochester.		
	
‘Three	cubic	feet	of	sand	to	one	of	Dorking	or	Halling	lime,	will	be	
a	good	propor.on	for	making	mortar	with	those	limes,	which	
approach	very	nearly	to	pure	lime’	(Pasley	1838	p15).	



Chemical	Analyses	of	limestones,	hydraulic	limes	and	natural	cements	-	%	by	weight	
		
																														1							2							3							4							5									6										7								8							9					10						11							12	
		
(soluble)	silica		3.43			7.3				7.7			2.27		17.5		12.2		15.42		14.2			16			15.3			17.4				38	
		
alumina														1.73		2.3			1.23			1.46			5.1				4.6				5.63			5.81			6.5			4.5					6.9					in	above	
		
ferric	oxide											1.02		0.5			1.6					0.8				9.0				2.9					6.8					6.0				8.6			1.6					4.8						in	above	
		
calcium	carb										93					83				87						93																																																			71																	55	
		
mag	carb														0.5				3.6			1.9					1.4																																																			5.67	
		
lime																																																													57						73						45							46																									47	
		
		
KEY:	1)	Grey	Chalk,	Kent;	2)	Blue	Lias,	Newport;	3)	carboniferous	limestone,	Charleston,	Fife;	
4)	Carboniferous	limestone,	Lancashire;	5)	Blue	Lias,	Leicestershire,	ground	lime	natural	cement;	
6)	Blue	Lias	Leicestershire	lump	lime;	7)	English	Roman	Cement;	8)	Boulogne	cement,	France;	9)	
Cement	of	Vassy,	France;	10)	Cement	rock,	Lehigh	valley,	Pennsylvania;	11)	Cement	of	Pouilly,	
France;	12)	cement	stones	for	Sheppey	Roman	cement.		
		
Sources,	Redgrave	(1905),	Millar	(1897).	In	Holmes	&	Wingate	(2002)	–	edited.		
		



146.	Dorking	lime,	obtained	from	the	beds	of	the	lower	chalk,	at	Dorking,	in	Surrey;	and	
Halling	lime,	from	a	similar	situa.on	near	Rochester,	in	Kent,	are	the	principal	limes	used	
in	London	for	making	mortar,	and	are	slightly	hydraulic;	they	expand	considerably	in	
slaking,	but	not	so	much	as	the	pure	limes,	and	will	make	excellent	mortar	when	mixed	
with	3	parts	of	sand	to	1	of	lime.	Mortar	(p71)	made	with	these	limes	sets	hard	and	
moderately	quick,	and	when	set,	may	be	exposed	to	considerable	moisture	without	
injury;	but	they	will	not	set	under	water,	and	are	therefore	unfit	for	hydraulic	works,	
unless	combined	with	some	other	substance,	as	puzzolana,	to	give	them	water-seeng	
proper.es.	
	
The	blue	lias	limes	are	the	strongest	water	limes	in	this	country.	They	slake	very	slowly,	
swelling	but	liRle	in	the	process,	and	set	very	rapidly	even	under	water;	a	few	days	only	
sufficing	to	make	the	mortar	extremely	hard.	The	lias	limes	will	take	a	much	smaller	
propor.on	of	sand	than	the	pure	limes,…	the	propor.on	of	sand	which	makes	good	
mortar	with	chalk	lime,	would	ruin	mortar	made	with	Aberthaw,	Watchet,	Barrow,	and	
other	lias	limes.		
	
Dobson	1854	





The	mortar	to	be	composed	of	one-
third	well-burnt	Dorking,	or	other	
approved	stone-lime,	and	two-
thirds	of	sharp,	clean,	river	or	other	
approved	sand	or	road	grit,	free	
from	salt,	the	whole	to	be	well	
laboured.	No	four	course	of	the	
work	to	rise	more	than	¾		inch	
beyond	the	collected	height	of	the	
bricks;	every	course	to	be	filled	in	
and	fully	flushed	up	with	mortar;	
and	grouted	with	liquid	mortar	of	
hot	lime	and	sand	every	second	
course	below	level	of	ground	floor,	
and	every	fourth	course	above.		
	
Robert	Sco_	Burn	Handbook	of	the	
Mechanical	Arts,	concerned	in	the	
construc[on	and	arrangement	of	
dwelling	houses	and	other	buildings	
(1860)	William	Blackwood	and	Sons,	
Edinburgh	and	London.		
	
	
	
	



The	name	hydraulic	is	given	them	because	of	their	property	of	
seeng	under	water,	and	heretofore	they	have	been	used	almost	
exclusively	for	marine	and	other	hydraulic	works.	It	is	highly	
important,	however,	that	we	should	possess	and	put	into	prac[ce	
the	means	of	giving	greater	durability	and	security	to	our	ordinary	
buildings,	and	there	is	no	reason	why	the	hydraulic	mortars	should	
not	be	used	to	this	end.		
	
They	act	equally	well,	if	not	beRer,	in	air,	and	with	skill	can	
doubtless	be	made	so	economically	that	the	difference	in	expense	is	
no	ground	of	preference	for	ordinary	mortars.	It	is	only	necessary	
that	the	experiment	be	made	a	few	[mes.	Success	is	certain,	and	
will	be	the	greatest,	the	most	valuable	advance	in	modern	
construc[on.		
	
Sloan	(1852)	The	Model	Architect	



Although	we	give	to	this	compound	the	name	of	hydraulic	
lime,	it	ought,	in	fact,	to	be	regarded	as	a	substance	altogether	
different	from	lime;	it	is	a	new	body	with	new	proper[es.	
Treussart	1842	
	



Quay	wall,	Naviga.on	Wharf,	Malton,	
1725	(lei).	Rou.nely	underwater:	(Old)	
Singleton	Birch	NHL	2.0	@1:2.	New	
chimney	stacks,	York	House	(above)	
Singleton	Birch	NHL	2.0;	oolite	and	sharp	
sand.		
	
Would	today	use	hot	mix	+	pozzalan.		



The	pursuit	of	durable	so]ness	
	
Amos	Brown	House,	Whi.ngham,	
Vermont.	Built	1800.	NC	with	David	
Baker	Masonry	for	Landmark	Trust	
USA,	summer	2001.	Extreme	winter	
cold.	Ground	freezes	to	4	feet	deep.		
Exposed	loca.on.		
	
Extensive	repair	of	opc-built	sec.ons;	
new	chimneys	and	repoin.ng.	Buxton	
puRy	lime	and	St	As.er	3.5	50/50	
gauge	to	2.75	to	locally	dug	sharp	
sand.		Hot-mixed		‘barn	red’	limewash	



The	Bath	freestone	is	of	the	pure	calcareous	kind,	and	it	is	remarked	that	
when	it	is	walled	with	this	kind	of	mortar(blue	lias),	which	is	frequently,	if	not	
generally,	used	for	the	purpose,	the	joints	are	more	permanent,	and	resist	
the	weather	be_er,	than	the	stone	itself…	Smeaton,	account	of	Edystone	
etc	p115	1791	
	
	
Repoin.ng(lei)		and	rebuilding	(right)	of	hard	Pennine	sandstone,	NHL	3.5	1990s	







2014	-	3	years	on	–	the	fabric	has	dried	
out;	the	stones	have	lost	algae	and	
shine	out.	Lower	sec.on	retains	opc.		
Lime	mortar	has	suffered	no	
degrada.on	at	all.	Anywhere.		



(Image	snaffled	from	Alan	Gardner).	The	compressive	strength	of	very	few	historic	lime	
mortars	(and	no	earth	mortars)	in	the	UK	will	exceed	3	Mpa,	and	is	usually	somewhat		
less	than	this.	Any	mortar	of	more	compressive	strength	and	lesser	vapour	permeability	
will	be	immediately	incompa.ble.		
All	currently	available	NHLs	will	likely	exceed	3	Mpa	aier	28	days	tested	by	bulk	density.	



Livesey	P	in	Building	Limes	2012.	
NB	Most	NHL	specifica.ons	today	are	for	1:2.5	or	1:2,	partly	to	achieve	more	workability.	
More	NHL	equals	more	compressive	strength	and	reduced	vapour	permeability(more	fat	
lime	does	not).		
That	1:1:6	is	a	beRer	op.on	is	NOT	the	lesson	here.	It	is	also	generally	incompa.ble.		
Note	however	that	modern	opc	very	much	stronger	than	historic	opc,	demanding	NHL	5	or	
even	3.5	for	the	compa.ble	repair	of	pre	WWII	concretes				



Historic	England/Figuerides	





St	As.er	Test	figures	
	
1:3		
	
NHL	5	>	2	years:	Compressive	strength:	7.8	Mpa	
	
NHL	3.5	>	2	years:	Compressive	strength:	3.97	
	
1:2.5	
	
NHL	5	>	2	years:	Compressive	strength:	8.81	Mpa	
	
NHL	3.5	>	2	years:	Compressive	strength:	6	Mpa	
	
NHL	2	>	2	years:	Compressive	strength:	3	Mpa	
	
1:	1:	6	cement,	hydrated	lime:	sand		
	
Compressive	strength	>	2	years:	8.5	Mpa	
	
1:2:9	>	2	years:	5.95	Mpa	
	
0.5	NHL	5:	0.5	pu_y	lime:	3	sand:	>	2	years	2.85	Mpa	
	
0.5	NHL	3.5:	0.5	pu_y	lime:	3	sand:	>	2	years	2.65	Mpa	
	
NB	all	NHLs	more	vapour	permeable	than	opc	mortars.	NHL	2.0	2	year	strength	as	strong	as	strongest	
typical	historic	mortar	and	stronger	than	most;	pu_y	gauged	mortars	only	slightly	less	strong	than	this	and	
similar	vapour	permeability.	Li_le	difference	in	vapour	permeability	of	NHLs	5	and	3.5	



Key	findings	so	far	of	HE/Bath	University	NHL	Research	Project	are:	
	
Aier	1	year,	the	curve	(strength	against	.me)	for	the	CL90	mix	has	almost	
flaRened	out	at	just	over	1.2	MPa	–	there	is	very	slight	on-going	strength	
gain	
2.		For	two	of	the	manufacturers,	at	the	end	of	1	year,	their	NHL2	has	
overtaken	their	NHL3.5	in	terms	of	compressive	strength.		
3.	The	strongest	lime	we	tested	is	an	NHL3.5,	which	reached	about	4.8	MPa	
aier	1	year.	
4.	The	second	strongest	we	tested	is	an	NHL2,	which	reached	about	4.3	MPa	
aier	a	year	(bea.ng	the	three	NHL5s	that	we	looked	at),	but	the	curve	for	
this	lime	is	s.ll	going	up	steeply	(steeper	than	the	strongest	NHL3.5),	so	it	
will	clearly	con.nue	gaining	strength	and	could	overtake	the	NHL3.5.	
5.	The	curves	for	the	other	two	NHL2s	we	are	tes.ng	are	all	s.ll	going	up	
fairly	steeply	
	
these	figures	are	for	‘real’	mortars,	not	the	standard	mixes	used	for	
compliance	with	BS	EN	459		
	
	



Mixed	by	volume		
	
“In	general,	designa.on	(iii),	M4	mortars	are	likely	to	offer	the	best	
overall	balance	of	proper.es	for	external	walling	in	the	UK.”		
	
	
Source:	Brick	Development	Associa.on	Design	Note	7	August	2006	



Building	Limes	in	Conserva.on.	2012	and		
Bill	Revie,	CMC	Consultants	



Specification for Sacrificial Weathering: Creating calcite 

BLF Hot-Mixed Lime Mortars, Coventry 
Lime mortar and sacrificial weathering: how it works 

Historic lime mortar characteristics: 
coral-like microstructure. 

•  High porosity (binder porous) 

•  Pore network well interconnected 

•  Predominant pore size ~ 1 micron 

•  1-micron pore size widely 
attributable to calcite! 



Poulticing Basic Principles: Problem with h’phobicity 

BLF Hot-Mixed Lime Mortars, Coventry 
Lime mortar and sacrificial weathering: how it works 

•  Poulticing mechanics rely on fundamental capillary suction principles, i.e. the 
‘wettability’ of the solid matrix (the pore structure) 

•  Hydrophobic mortars do the exact opposite of the poultice… they actively 
repel water back into the depth of the wall 

•  The disruption to the water movement and consequent acceleration of salt-
induced decay is even worse than that of cement! 

Properties Relevant to Moisture Handling Behaviour of 
Selected Mortars 

Mix 
Reference 

Water Absorption  
(% Dry Mass) 

MIP Total 
Porosity (%) 

% Porosity 
Ineffective (%) 

NHL 3.5 12.50 21.3 34% 

GP Cem 8.50 20.0 57% 

P-’NHL 3.5’ 3.00 36.8 (100%)* 
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NHL 3.5 Porosity = 28% 

Modern mortars and sick buildings 

BLF Hot-Mixed Lime Mortars, Coventry 
Lime mortar and sacrificial weathering: how it works 
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NHL and G.P. CEM-II… Spot the difference? 



Modern mortars and sick buildings 

BLF Hot-Mixed Lime Mortars, Coventry 
Lime mortar and sacrificial weathering: how it works 
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Historic Lime Mortar (Balvenie Castle) Porosity = 35% 

Historic lime and NHL… Spot the 
difference! 
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BLF Hot-Mixed Lime Mortars, Coventry 
Lime mortar and sacrificial weathering: how it works 

Replicating the historic lime example of function 

SELECTED HOT MIX MORTAR SPECS WITH REFERENCES 
 

Mix Ratio 
(Lime:Agg) by 

Vol. 

Parts Quicklime 
(CL90) 

Parts NHL 
(3.5N) 

Parts Pozzolan 
(Brick Dust) 

Parts Aggregate Data Ref 

1 : 1 1 - - 2 (BSI 1951) 
1 : 1.5 2 - - 3 - 

1 : 1.5 1 - 0.5 2.5 
(Moropoulou, 
Tsiourva et al. 

1996) 
1 : 2 1 - - 4 (BLFI 2014) 
1 : 2 1 1 - 6 (BLFI 2014) 
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CL 90 Mortar w/ Microporous Agg. CL90 Mortar w/MK Pozzolan 

•  How to physically get an air-lime binder in such binder-rich proportions to work? 
Hot mix it. 



Chalk	lump	wall	collapse	aier	rendering	with	NHL	3.5.		
	
Image	Henry/Stubbs	



Replicating the historic lime example of function 

BLF Hot-Mixed Lime Mortars, Coventry 
Lime mortar and sacrificial weathering: how it works 

Hot mixed limes specified at historic proportions are 
the best replication of the historic lime microstructure 

è Enhanced poulticing interaction 

Why? 
•  They’re used in the historic 

proportions…!! 
•  High carbonation set creates 

high capillary porosity 

•  Only viable way of getting the 
right ingredients in at the right 
proportions 

•  Granny’s cake 

•  Microstructure infers function 



Table	of	the	approximate	composi0on	of	various	limestones	and	the	percentage	of	pure	
lime…in	the	burnt	stone	[balance	is	dolomite]	
																																																													Unburnt	Stone																																						Burnt	Stone					
																																											Carbonate	of	lime							Clay	&	moisture																CaO		(free	lime)															
Pure	or	Fat	Limes	–		
White	Chalk																											98.5																																					1																																		98	
Oolite																																							95																																							3																																		95.5	
Poor	Lime	
Siliceous	Oolite																					70																																							26.5																													73.5	
Feebly	Hydraulic	
Grey	Chalk																														92																																								8																																		86.5	
Hydraulic	
Dolomite																																		51																																							9																																		53.5	
Carboniferous																								86																																								14																																81	
Grey	Chalk																															83																																							17																																73	
Strongly	Hydraulic			
Blue	Lias																																		79																																								21																																72	
Carboniferous																								71.5																																					27																																60	
Scotch																																							68																																							31																																56.5	
		
Dibdin	–	Lime,	Mortar	and	Cement	etc	1911	
	



Minimum	Free	Lime	available	(aier	slaking)	
												
St	As.er	NHL	5															15-20%	
	
St	As.er	3.5																				24-26%	
	
St	As.er	NHL	2.0											over	50%	
	
Produced	from	the	same	limestone,	fired	at	
progressively	greater	temperatures	to	increase	
hydraulic	poten.al.	This	is	anomalous	historically.		
	
	hRp://www.stas.er.co.uk/nhl/info/hydraul.htm		



The	type	of	lime	known	as	‘hydraulic’	o]en	makes	
excellent	mortar,	but	this	lime	is	not	produced	in	large	
quan[[es,	and	as	it	is	not	the	subject	of	any	
specifica[on,	it	varies	from	one	works	to	another.		
	
Some	defini.on	and	specifica.on	of	hydraulic	lime	would	
be	helpful	to	architects.		
	
RIBA	Commi_ee	–	The	Architectural	Use	of	Building	
Materials	-	Post-War	Building	Studies	No.18	1946	
London	HMSO	for	the	Ministry	of	Works.		
	
Was	the	first	real	demand	for	and	extensive	use	of	hydraulic	limes	in	the	air	generated	
by	the	building	conserva[on	industry	over	the	last	20	years?	
	
	
	
	



Hydraulic	lime																																										Typical	Portland	cement	
Calcium	oxide												67%																										calcium	oxide																63.3%	
Magnesian	oxide								0.1%																									mag	oxide																						1.3%	
Silica																									17.5	%																								silica																																22.7%	
Iron	oxide																			2.4%																									iron	oxide																							3.3%	
Alumina																						7.2%																									alumina																											5.5%	
Water	etc																				4.9%																								sulphur	anhydride									1.9%	
																																																																																Other																						2.0%	
	
(Thomas	P	E	(1937)	Modern	Building	Prac.ce.		
	
The	difference	is	in	the	temperature	of	firing	and	the	grinding	to	
powder…...	
		



The	degree	of	burning	is	more	
important	than	with	other	types	
of	lime,	for	clinkering	and	fusion	
occur	more	readily	and	a	much	
higher	propor[on	of	clinker	may	
be	formed.	This	clinker	is	
compara[vely	inert	unless	the	
par[cle	size	is	reduced	by	
grinding;	if	it	is	extremely	finely	
ground,	a	‘natural’	cement	
results.		
		
It	is	unusual	for	an	eminently	
hydraulic	lime	to	be	supplied	in	
the	hydrated	form,	because	of	
the	difficulty	in	ensuring	the	
complete	hydra[on	of	the	oxide	
whilst	at	the	same	[me	retaining	
the	efficiency	of	the	hydraulic	
components.		Geeson	1952	



NHLs were also hot-mixed 
 
1861 (Hitchcock, et al The Geology of Vermont): 
	
“To obtain lime for water cement, the impure limestone should 
be broken into small pieces and subjected to a heat sufficient 
to expel the carbonic acid…care must be taken that the heat is 
not too intense, for if it is, the rock will become partially fused, 
and a glassy substance will result from the alkaline and 
silicious constituents of the rock. After calcination, the rock 
should be thoroughly pulverized and mixed with sharp sand, 
after which water may be applied until the mass assumes the 
consistency of common mortar, when it should be used 
immediately, especially if it possesses the setting property of 
some cements. The proportion of sand to be used with the 
cement, varies with the composition of the lime”	

Hydraulic limes were often mixed at 1:1 and never 
leaner than 1:2; quicklime:sand, the quicklime 
expanding relatively little or not much at all. 	



As	water	is	absolutely	essen[al	not	only	for	the	ini[a[on	but	also	for	the	
con[nua[on	and	comple[on	of	the	chemical	processes	involved	in	the	
setng	and	hardening	of	hydraulic	limes	and	cements,	it	is	impera[ve	that	
the	moisture	should	not	be	abstracted	from	the	mortar	too	soon.	Hence	the	
necessity	of	protec.ng	stucco	from	brilliant	sunshine,	or	of	repeatedly	spraying	
it	with	water;	hence	also	the	necessity	of	dipping	bricks	in	water	immediately	
before	using	them,	and	of	sprinkling	a	dry	course	of	bricks	with	water	before	
the	bed	of	mortar	is	spread	above	it	to	receive	the	next	course.		
	
With	lime	mortar,	a	moderate	use	of	water	in	the	same	way	is	advantageous,	
although	the	lack	of	it	has	not	so	marked	an	effect	as	with	cement	and	
hydraulic	lime.	
	
	
Mortar	made	from	cement	or	hydraulic	lime	must	be	mixed	in	small	
quan[[es	and	used	fresh.	Mortar	which	has	once	‘set’	to	any	appreciable	
extent	cannot	be	remixed	without	loss	in	ul[mate	strength.	
	
Sutcliffe	GL	The	Principles	and	Prac[ce	of	Modern	House	Construc[on	1898	
		
	



In	the	case	of	masonry	made	of	fat	lime,	it	has	always	been	
recommended,	if	earth	was	to	be	laid	against	it,	that	it	should	
be	lei	to	dry	for	some	.me,	before	backing	it	with	earth;	and	
with	the	same	object	it	has	been	directed	to	wait	a	year	before	
poin.ng	the	work.	We	see	that	with	hydraulic	mortars	used	in	
the	air,	it	will	be	beRer	to	act	differently.	As	the	masonry	rises,	
it	will	be	best	to	throw	the	earth	against	it.	The	poin.ng	should	
be	finished	at	the	same	.me	as	the	masonry,	this	being	the	
beRer	and	more	economical	mode.	During	warm	weather,	the	
top	of	the	wall	should	be	copiously	watered,	at	the	close	of	the	
day,	and	whenever	the	masons	break	off	during	the	day.	This	
was	always	done	at	Strasburg,	and	was	found	to	be	a	good	
prac.ce.	
		
Treussart	1842	



	(So,	for	mortar	that	sets	soonest	and	to	highest	degree	
and	makes	best	cement)…it	must	be	suffered	to	dry	
gently	and	set;	the	(desicca.on)	must	be	effected	by	
temperate	air	and	not	accelerated	by	the	heat	of	the	
sun	or	fire;	it	must	not	be	we_ed	soon	a]er	it	sets;	and	
a]erwards	it	ought	to	be	protected	from	wet	as	much	
as	possible,	un[l	it	is	completely	indurated…and	then	
it	must	be	as	freely	exposed	to	the	open	air	as	much	as	
the	work	will	permit,	in	order	to	supply	acidulous	
gas….Higgins	1780	



I	do	not	think	that	the	fact	of	a	
cement	being	sufficiently	soi	to	
yield	to	the	pressure	of	the	nail	
aier	one	week’s	exposure	to	the	
air	any	proof	of	unsoundness,	for	I	
would	trust	more	to	the	
circumstance	of	an	observed	
increase	in	the	hardness,	when	
examined	from	[me	to	[me,	than	
to	the	quan[ty	of	that	increase;	
and	it	is	always,	in	my	opinion,	a	
safe	sign	when	the	hardness	
slowly	but	certainly	increases.		
	
Capt	F	H		Baddely	RE.	Concerning	
limes	for	the	St	Lawrence	Canal,	
Canada.	1837		





36	Mellalieu	Street.	Scaffold	taken	down	mid-winter	due	to	bankruptcy	of	main	
contractor,	aier	October	2012	start.	Leeching	of	calcium	carbonate	from	NHL	
mortars	used	at	high	level.	None	at	all	from	hot-mixed	high	calcium	lime	mortars	
used	everywhere	else	and	below	first	floor	window	head	level	



36	Mellalieu	Street,	Middleton	in	
Rochdale.	1906	Edgar	Wood.	Alan	
Gardner	project	leader..	Hot-mixed	
lime	mortars	originally	and	for	repair,	
later	opc	removed.	2:3	lime	to	
aggregates.		



Bleeding	of	calcium	carbonate	
from	NHL	5	used	to	bed	ridge	
stones	in	late	September.	None	
from	hot-lime	mortars	emplaced	
at	same	.me.	Fuller	and	more	
rapid	carbona.on.	Straw	Builders	
for	Natural	England.		





HES	advice	to	the	sector:	
•		Like-for-like	repair	should	be	the	star.ng	point	
•		Not	all	lime	is	tradi.onal	lime	
•		Not	all	lime	products	are	technically	compa.ble	with	
tradi.onal	buildings	
•		Not	all	lime	products	are	aesthe.cally	compa.ble	
with	tradi.onal	buildings	
•		We	encourage	the	use	of	tradi.onal	(including	hot-	
mixed)	lime	mortars	for	conserva.on	and	repair	
•		We	do	not	grant	fund	use	of	formulated	limes	
	

HiHistoric	Environment	Scotland	
Àrainneachd	Eachdraidheil	Alba		
storic Environment Alba 	
	



Prospect	House	Slingsby.	2009	Hot-mixed	high	calcium	lime	mortar	2:3.	Fine	silver	sand,	
Portland	limestone	dust,	sieved	sharp	sand	aggregate,	oxhair.	No	failure	despite	
subsequent	excep.onally		severe	winters	



CONCRETE,	an	ar.ficial	cement	composed	of	lime	and	gravel,	or	sand,	and	in	high	repute	
at	the	present	.me	for	the	founda.ons	of	structures.	It	was	first	used	in	the	year	1815,	by	
Mr.	Ralph	Walker,	C.E.,	at	the	West	India	Docks,	and	subsequently	at	the	Custom	House	of	
London,	aier	piles	had	failed.		
		
Concrete	is	prepared	in	various	propor.ons;	about	one-seventh	or	one-eighth	of	ground	
lime	is	the	most	general,	but	it	depends	en.rely	on	circumstances.	Two-thirds	of	the	
ballast	should	consist	of	small	stones,	with	none	larger	than	a	hen's	egg,	and	one-third	of	
sand.	This,	in	fact,	cons.tutes	Thames	ballast,	which	makes	excellent	concrete	when	
combined	with	Dorking	lime.	It	should	be	mixed	together,	and	slaked	like	mortar,	and	
always	used	hot,	and	thrown	from	barrows	wheeled	along	planks	from	a	height	of	10	or	
12	feet	to	the	site	of	the	intended	founda.on.	(Brees	1852)	
	
The	walls	and	par..ons	of	the	whole	of	the	private	dwellings	may	be	of	earth,	plastered	
over	internally	and	lined,	and	coloured	in	imita[on	of	stone	externally….	The	floor	may	
be	formed	of	loose	stones,	gravel,	or	whatever	material	of	the	kind	may	be	most	
conveniently	had;	and	its	upper	surface	may	either	be	paved,	or	covered	with	a	mixture	of	
lime	and	gravel,	mixed	while	the	lime	is	yet	hot,	and	spread	out	over	the	rough	
materials,	and	immediately	beaten	perfectly	smooth.	
	
…Beton,	used	for	construc.ng	marine	works,	consists	of	12	parts	of	puzzolana	or	Dutch	
trass,	6	parts	of	sand,	9	parts	of	unslaked	lime,	13	parts	of	stone	fragments,	about	the	size	
of	an	egg,	3	parts	of	.le	dust,	cinders	or	scales	from	a	forge;	the	whole	well	worked	and	
beaten	together.	Aus.n,	New	York,	1862	
	



Concrete.	…the	matrix	should	consist	
of	either	Portland	Cement	or	Blue	Lias	
lime	and	sand.	The	propor.ons	for	the	
concrete	must	depend	upon	the	
situa.on	in	which	it	is	to	be	used;	but	
for	ordinary	purposes	the	following	
may	be	accepted:	5	parts	clean	broken	
stone,	brick	etc:	2	parts	sand:	1	
Portland	cement	or	Blue	Lias	lime.	Or	
7	parts	Thames	ballast	(already	
containing	sand):	one	part	Portland	
cement,	or	Blue	Lias	lime		
Richards	H	W	(1901)	Bricklaying	and	
Brickcueng	

Properly	speaking,	it	would	be	beRer	to	apply	the	word	‘concrete’	to	this	sort	
of	masonry,	when	executed	in	the	manner	usually	adopted	in	our	country,	
by	slacking	the	lime	upon	and	in	immediate	contact	with	the	gravel.	When	
the	lime	has	been	previously	worked	into	a	paste,	the	French	word	‘beton’	
might	be	applied,	for	the	sake	of	dis.nguishing	the	two	processes.		Burnell	
1857	



[In	building	with	pozzalana	underwater]	
unlike	and	unequal	en..es	that	have	been	
forcibly	separated	are	brought	together	all	
at	once.	Then	the	moisture-starved	heat	
latent	in	these	types	of	ingredients,	when	
sa[ated	by	water,	boils	together,	and	
makes	them	combine.		
	
In	England,	some	years	ago,	when	concrete	
first	came	into	extensive	applica.on,	
common	or	feebly	hydraulic	lime,	such	as	
the	Blue	Lias	limestone	yields,	was	
generally	used	for	the	cemen.ng	substance.	
The	quicklime,	having	been	first	reduced	to	
a	powder	by	mechanical	means,	was	
incorporated	with	the	sand	and	coarse	
materials	in	the	dry	state.	Water,	in	
sufficient	quan.ty	to	slake	the	lime,	being	
then	added,	the	concrete	was	rapidly	mixed	
up	with	a	pug-mill	or	with	shovels,	conveyed	
away	in	barrels	or	carts,	and	used	while	hot.	
(Gillmore	1886)	





Mortar	Mixes.	
	
Mortar																									Propor[ons	by	volume																			Uses		
																																		cement			lime			aggregate	
		
Cement	Mortar														1											0-	¼								3											for	brickwork	where	strength	
																																																																																				is	needed.	Normal	brickwork	
																																																																																				below	damp	proof	course.		
																																																																																				Granite	masonry.		
		
Cement-lime		
Mortar																											1													1											5-6								Normal	brickwork	in	winter	
																																																																																		Rubble	masonry	in	winter	
																																																																																		Dense	sandstone	masonry	
		
Cement-lime		
Mortar																											1													2											8-9								Normal	brickwork	in	springand	summer;		
																																																																																			rubble	masonry	in	spring	and	summer;	
																																																																																				tall	chimneys	
	
Cement-lime	
Mortar																											1													3									10-12						Internal	brickwork	only	in	Summer.	Limestone	or		
																																																																																			porous	masonry	where	rapid	hardening	
																																																																																			is	necessary.		
	
	
		



Hydraulic	Lime																			0																1														2-3										Normal	brickwork;	tall	
mortar																																																																																							chimneys	
		
	Semi-hydraulic	or	non-	
Hydraulic	lime	mortar						0																1														2-3											Limestone	or	porous		
																																																																																																		Masonry	
	
	
y.		



Mitchel.	1947	edi[on.		
	
Lime	Mortar	A	suitable	ra.o	of	lime	to	sand	for	lime	mortars	is	1:3	(quicklime:sand).	The	
lime	should	be	semi-hydraulic;	high	calcium	lime	is	unsuitable	for	mortar	unless	gauged	
with	cement.	Lime	mortars	should	not	be	used	for	external	work	and	in	general	it	is	
preferable	that,	whether	for	external	or	internal	work,	lime	mortars	(other	than	
hydraulic)	should	always	be	gauged	with	a	propor[on	of	cement.	Mortar	prepared	with	
hydraulic	lime	may	be	unreliable	and	cannot	be	recommended	for	general	use.		
	
	
Cement-Lime	Mortars	Suitable	propor.ons	for	cement-lime	mortars	vary	according	to	
condi.ons	and	requirements	from	1:1:6	to	1:3:12,	cement:	lime:	aggregate.	A	1:1:6	mix	
should	be	suitable	for	use	under	most	condi[ons	of	severe	exposure;	Mixes	containing	a	
larger	propor.on	of	lime	become	progressively	more	liable	to	suffer	damage	from	frost	
and	exposure,	although	the	workability	and	plas.city	of	the	mortar	increases	with	the	
increase	of	lime	content.	A	1:2:9	mix	should	be	suitable	for	all	normal	work	except	
under	condi[ons	of	severe	exposure;	but	a	1:3:12	mix	should	be	used	for	internal	work	
only.		
																																													Mitchel’s	Building	Construc[on	1947	



Mixing	Lime	Mortars.		
		
To	make	mortar	from	non-hydraulic	lime	puRy	or	soaked	hydrated	lime,	mix	the	
sand	and	lime	puRy	on	a	clean	pla�orm	un.l	an	even	consistency	is	reached.	
Round	off	this	‘coarse	stuff’	into	a	heap,	smooth	the	sides	and	leave	undisturbed	
un.l	required	for	use,	but	don’t	let	it	dry	out	if	you	keep	it	for	any	length	of	.me.	
The	coarse	stuff	will	s.ffen	up	on	standing,	but	with	vigorous	bea.ng	and	s.rring	it	
can	be	knocked	up	to	its	original	plas.c	state.	If	possible,	don’t	add	any	water	
when	knocking	up	–	working	the	mortar	vigorously	will	give	a	be_er	material	
than	the	addi[on	of	water.		
		
Semi-hydraulic	puees	are	mixed	in	the	same	way	–	but	when	using	them,	don’t	
make	up	any	more	mortar	than	is	sufficient	for	one	day.		
		
To	make	mortar	from	hydraulic	quicklime	which	has	been	slaked	on	site,	mix	the	
sand	and	the	lime	thoroughly,	adding	more	sand	and/or	water	if	necessary	to	get	
the	right	propor.ons	and	consistency.		
	
Ministry	of	Works	1950.		







Wells	Cathedral.	Seed-bed	of	the	
Lime	Revival	as	well	as	the	focus	
upon	mortars	made	using	puRy	
lime.	though	mixes	used	hot	as	
well	as	cold	lime	puRy	and	
quicklime	was	used	for	poul.cing.	
Most	mixes	richer	than	1:3,	but	
this	became	the	standard	
specifica.on	for	lime	mortars,	
confounding	historic	prac.ce	and	
the	evidence	of	exis.ng	buildings.		
	



Notes	from	Prof	Robert	Baker’s	notebook,	transcribed	1997.		
	
1977	Selec.on	of	Opera.ves	
	
Recommend	that	the	choice	of	person	for	the	work	should	rest	
far	more	on	a	responsive	apprecia.on	of	the	sculpture	than	on	
ambi.on	to	become	a	restorer.		
	
The	work	should	combine	serious	study	trips	to	France	and	
Germany	to	learn,	to	draw,	and	to	carve.		
	
A	very	high	standard	expected;	energy	and	enthusiasm	in	
(opera.ves’)	approach	to	study	
	
They	should	be	paid	to	study	and	have	Friday	as	a	study	day.		



…With	regard	to	the	durability	of	English	building	stone…we	find	that	the	stone	of	
medieval	buildings	great	and	small	was	protected	by	lime	and	stone	dusts	covering	the	
ashlar	which	served	to	prevent	moisture	and	pollu.on	entering	the	pores.	The	evidence	
reveals	that	even	with	Victorian	thoroughness	in	scraping	it	away,	there	remains	
convincing	proof	that	the	sculpture	(at	Crowland)	was	painted	and	the	mouldings	were	
coloured	with	coats	of	paint	and	ground	-	keeping	the	stone	face	from	pollu.on	for	at	
least	two	centuries.	Today	we	cannot	repaint	either	figures	or	mouldings	since	the	
surface	has	weathered	back	and	is	no	longer	a	paintable	surface	and,	of	course,	it	would	
be	completely	out	of	fashion.	But	is	is	possible	by	the	use	of	lime	and	stone	dusts	to	obtain	a	more	weatherproof	
surface;	to	repair	badly	exfoliated	cavi[es	and	to	prevent	this	hard	calcite	skin	again	thickening	to	the	stage	of	exfolia[on.	

The	mortars	for	repairs	to	the	cavi[es	in	the	figures	was	of	slaked	lime	pu_y,	stonedusts,	
brick,	small	quan[[es	of	fine	sand…Mortars	for	poin[ng	of	ashlar	from	which	cement	
mortar	had	been	removed		
	
was	that	originally	used,	i.e.	lime	pu_y,	crushed	and	Barnack	stone.		
	
Baker’s	priority	was	to	‘do	no	harm’;	to	apply	sacrificial	materials	
to	works	of	great	cultural	significance.	Military	engineers	had	had	
very	different	priori[es.		
	
	
	



Clean,	potable	water	is	run	into	the	tank	to	a	depth	of	approximately	300mm	and	the	
quicklime	is	added	by	shovel	(NB:	the	water	is	not	added	to	the	quicklime	–	this	is	
extremely	dangerous);	because	the	violent	reac.on	which	can	occur	between	the	water	
and	fresh	quicklime	frequently	raises	the	water	temperature	to	boiling	point	[one	
would	hope	so,	but	does	it	in	fact?],	this	opera.on	must	be	carried	out	slowly	and	
carefully….	
	
The	slaking	lime	must	be	hoed	and	raked	and	s.rred	un.l	the	visible	reac.on	has	
ceased;	enough	water	must	be	used	to	avoid	the	coagula.on	of	par.cles	which	
significantly	reduces	the	plas.city	of	the	lime….	
	
it	is	always	beRer	to	have	an	excess	of	water	than	not	enough.	The	addi.on	of	water	
and	quicklime	con.nues	un.l	the	desired	quan.ty	has	been	slaked….		
	
Sieving	the	puRy	through	a	5mm	screen	will	remove	unburnt	lumps	and	the	larger	
coagula.ons….	
	
The	lime	puRy,	with	a	shallow	covering	of	water,	should	be	kept	for	a	minimum	period	
of	two	weeks	before	use.	Two	months	is	a	beRer	period	if	prac.cable	and	there	is	no	
upper	limit	of	.me.	The	minimum	period	is	to	ensure	that	the	en.re	mass	is	thoroughly	
slaked.	Aier	this	.me,	plas.city	and	workability	go	on	increasing.		
	
Ashurst	&	Ashurst	1988	



Slaking	lime	with	sand	
		
A	varia[on	on	the	slaking	procedure,	which	has	a	long	tradi[on	
behind	it,	is	to	slake	the	quicklime	in	a	pit,	already	mixed	with	the	
sand	which	is	to	be	combined	as	mortar	or	plaster.	The	lime	needs	
to	be	in	small	lumps	so	it	can	be	accurately	batched	by	volume	
against	the	sand.	The	process	requires	.me	and	space	and	is	really	
only	prac.cable	in	long	programmes	of	repair	or	restora.on,	where	it	
is	intended	to	lay	up	quan..es	of	lime	puRy	[?]	and	sand	for	a	long	
.me.	The	technique	has,	however,	a	dis[nct	advantage	over	more	
familiar	mixing	procedures	in	that	this	early	marriage	between	
binder	material	and	aggregate	encourages	the	covering	of	all	the	
aggregate	par[cles	with	a	lime	paste	in	a	way	and	to	a	degree	
which	can	never	be	matched	by	conven[onal	modern	mixing.		
	
Ashurst	&	Ashurst	1988	
		



Church	of	St	Michael,	Othery.		
Sally	Strachey	Conserva.on.		
Mature	lime	puRy	(7	to	20	years	
old)	mortars	and		
sheltercoats.	2014.	The	Lime		
Method	triumphant.		



Claremont,	the	‘Captain’s	House’,	Chiswell,	Portland.	PuRy	lime:	sand;	1:3.	1993.	Faces	
seaward	to	the	South	West.		



St	George’s,	Portland.	PuRy	lime,	sand,	
Metastar	at	5%	of	lime	content.	Mid-1990s.	
Philip	Hughes,	CCT	



Where	walls	of	greater	thickness	are	used	or	where	
8-inch	walls	are	used	for	a	one-story	building	and	
where	reasonable	care	is	taken	to	prevent	undue	
loads,	the	use	of	straight	lime	mortar	should	be	
made	op[onal.	
	
Recommended	minimum	Standards	for	Small	Dwelling	Construc[on.	Report	of	
the	Building	Code	Commi_ee.	1923.	Government	Prin[ng	Office,	Washington.		



Filled	Shell	Stores,	Royal	Navy	Magazine,	Cole	Island,	
Vancouver	Island,	1862-1910.	Na.onal	Historic	Site.	
MacDonald	and	Lawrence	for	Parks	Canada	2014-15.		
		
	
Originally	hot-mixed	lime	mortars	in	all	periods.	
Underwater	brickwork	(1880s)	with	guage	of	opc,	s.ll	hot-
mixed.	Concretes	for	foo.ngs	likewise.	



Marine	Guardhouse,	1864	and	1904.	One	of	
oldest	masonry	structures	in	Bri.sh	Columbia.	
6:1	Concrete	upper	floor,	1904.		



Old	(1862)	and	new	(2014)	hot-
mixed	lime	mortars;	1	local	
quicklime:	3	sharp,	grani.c	silver	
sand.	Nearest	NHL	3,000	miles	
away,	having	already	crossed	the	
Atlan.c.		



Roros,	Norway.	
Ammuni.on	Store	
	
Feebly	hydraulic	
limestone	burned	
on	site,	hot	mixed.		
	
Chris	Pennock,	
September	2015.		



Simple	lime-burning	in	1930s	Malton.	Lime	for	use	in	social	housing	beyond.	The	
mortars	of	these	remain	en.rely	sound	and	were		hot-mixed.	The	stone	is	Malton	
oolite.	Quicklime	is	easy	to	make	and	can	be	easily	made	wherever	there	is	
limestone,	or	shell.	It	is	accessible	and	eminently	sustainable.	
	



Like-for-like;	compa.ble;	
durable;	cost-effec.ve;	
accessible	and	sustainable	
with	beRer	workability,	
beRer	overall		bond	and	
performance	and	open	
pore	structure.	Can	be	
made	wherever	there	is	
limestone,	or	shell.	
	
What’s	not	to	like?		



8th/9th	to	late	19thc	:			
Hot	mixed	lime	mortars		
Earth	mortars	
	

18th	-19th	c:			
Hot-mix	lime		and	earth	
mortars	
–men3on	of	pozzolans		
and	hydraulic	lime	-minor	
use		

Late	19thc		to		early	60’s:			
Cement:lime:sand		(Lime	and	
sand	‘soured	out’	for	6	months	
and	then	gauged	with	cement.		

Late	1960’s:		
Cement:sand:	
mortasiser		
	

Late	1980’s-		(Lime	Revival)	-
late	90’s:			
Lime	puDy	:	sand.		
Cement:	lime	puDy:sand		
Pozzolans	

Late	1990’s	to	present:				
Natural	hydraulic	lime:	sand	

Russborough	House,	County	Wicklow	
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It	is	not	to	be	wondered	at,	that	workmen	generally	prefer	the	
more	pure	limes	for	building	in	the	Air,	because	being	unmixed	
with	an	uncalcareous	ma_er,	they	fall	into	the	finest	powder,	and	
make	the	finest	paste,	which	will,	of	course,	receive	the	greatest	
quan[ty	of	sand	(generally	the	cheapest	material)	into	its	
composi[on,	without	losing	its	toughness	beyond	a	certain	
degree,	and	requires	the	least	labour	to	bring	it	to	the	desired	
consistence,	hence	mortar	made	of	such	lime,	is	the	least	
expensive,	and	in	dry	work	the	difference	of	hardness,	compared	
with	others,	is	less	apparent.		Smeaton	1756	

Lime.	This	being	derived	from	an	almost	pure	carbonate	of	lime,	slacks	with	
great	energy	and	the	evolu.on	of	heat;	forms	a	fine	paste	with	water;	admits	
the	addi[on	of	a	great	deal	of	sand;	is	more	easily	laid	on	by	the	mason;	and	
therefore,	is	the	most	economical	for	common	purposes.	On	all	these	
accounts	it	is	regarded	as	the	best	kind	of	lime;	and	sought	a]er	the	most.	
For	it	is	not	generally	known	in	this	country,	that	it	does	not	form	so	hard	and	
durable	a	mortar	as	the	next	variety.		
	Hitchcock	1842	Geology	of	MassachuseRs	



ADVANTAGES	OF	HOT-MIX	LIME	MORTAR		
•  High	workability	
•  Increased	produc.vity	
•  Fuller	and	compressed	ver.cal	joints	
•  Can	lay	wet	stones	
•  Cleaner	work	-	no	runs	down	the	face	of	the	
work	

•  Able	to	build	higher	without	squeeze	
•  Joints	surfaces	can	be	finished	same	day	
•  Eliminates	much	of	‘touching	up’	aierwards	
•  Replicates	original	masonry	mortars	and	
explains	building	methodology	

•  Further	increases	in	produc.on	when	used	
hot																																														PATRICK	McAFEE	

















Pasley	1826	p8	
	
In	the	new	docks	in	Her	Majesty’s	yards	at	Sheerness	
and	Chatham,	grout	was	used	for	all	the	rough	parts	of	
the	founda.ons	and	walls.	It	was	composed	of	Dorking	
lime	ground	in	the	mortar	mill,	but	not	slaked,	and	of	
the	propor.on	used	for	the	lower	part	of	the	
founda.on…one	part	of	lime	to	four	parts	of	sand.	
These	ingredients,	mixed	together	dry,	were	wheeled	
to	the	walls,	and	made	into	grout…and	pouring	it	
instantly	into	all	the	ver.cal	joints	of	each	course	of	the	
brickwork….	(later	inspec.on	during	an	altera.on	
showed	a)	very	in.mate	cohesion	of	the	parts.		
	



Lime	washes	were	generally	called	‘lime	white’	in	the	earlier	
period;	limewashing,	lime	whi.ng.	3	coats	is	the	general	
requirement	(these	were	not	‘water-thin	coats’).	They	were	
prepared	from	lump	lime	in	19thC	-	just	enough	water	added,	
or	this	and	a	liRle	more	to	effect	the	slake	and	maximise	its	
temperature.	More	water	added	aier	the	slake	was	complete.	
Using	them	hot	allowed	them	to	be	thickly	applied	without	
crazing.		Also	used	aier	cooling.	Fine	lime	washes	for	fine	
stucco	finishes	laid	down	as	a	s.ff	dough	slaked	as	above,	as	
detailed	by	Vitruvius,	Pliny,	Alber.,	Weare	and	others	in	the	
context	of	plastering	and	ornament.		



Finally,	the	Bri.sh,	European	and	Interna.onal	‘Standard’	for	lime	
mortars	was	what	the	masons,	bricklayers	and	plasterers	liked	to	
use	and	which	felt	right	-	which	gave	them	good	workability,	
excellent	bond,	and	appropriate	strength	and	durability.	It	should	
be	no	great	surprise	that	most	chose	to	use	hot	mixed	lime	
mortars,	as	most	had	before	chosen	to	use	earth-lime	mortars.		
	
These	characteris.cs,	coupled	with	modern	understandings	of	
breathability	and	compa.bility,	mean	it	should	be	no	surprise	
either	that	so	many	craispeople	across	the	UK	and	Ireland	are	
choosing	to	use	them	again.		



Smeaton	long	since	explained,	"	It	is	not	to	be	wondered	at	that	workmen	generally	prefer	
the	more	pure	limes	for	building	in	the	air,	because	being	unmixed	with	any	uncalcareous	
ma_er,	they	fall	into	the	finest	powder,	and	make	the	finest	paste,	which	will	of	course	
receive	the	greatest	quan[ty	of	sand	(generally	the	cheaper	material)	into	its	composi[on,	
without	losing	its	toughness	beyond	a	certain	degree,	and	requires	the	least	labour	to	
bring	it	to	the	desired	consistence;	hence	mortar	made	of	such	lime	is	the	least	expensive;	
and	in	dry	work	the	difference	of	hardness,	compared	with	others,	is	less	apparent."…	The	
workman,	however,	preserves	his	empire…	
		
It	is	a	difficult	ma_er	to	alter	the	prac[ce	of	those	who	have	grown	grey	in	exal[ng	"	
prac[cal	experience,"	and	in	the	comfortable	persuasion	that	the	bricklayer	knows	best	
how	to	make	good	mortar,	and	can	be	trusted	to	make	it….	
		
I	look	confidently	forward	to	the	day	in	which	we	shall	feel	quite	independent,	as	respects	
mortar	making,	of	the	workman's	tradi[ons.		Sco_	Royal	Engineers	1862	
		



The	mortar	to	be	composed	of	one-third	well-burnt	Dorking,	or	other	
approved	stone-lime,	and	two-thirds	of	sharp,	clean,	river	or	other	
approved	sand	or	road	grit,	free	from	salt,	the	whole	to	be	well	
laboured.	No	four	course	of	the	work	to	rise	more	than	¾		inch	
beyond	the	collected	height	of	the	bricks;	every	course	to	be	filled	in	
and	fully	flushed	up	with	mortar;	and	grouted	with	liquid	mortar	of	
hot	lime	and	sand	every	second	course	below	level	of	ground	floor,	
and	every	fourth	course	above.		
	
Robert	Sco_	Burn	Handbook	of	the	Mechanical	Arts,	concerned	in	
the	construc[on	and	arrangement	of	dwelling	houses	and	other	
buildings	(1860)	William	Blackwood	and	Sons,	Edinburgh	and	
London.		
	
	
	
	



The	first	or	ordinary	method	termed	drowning	from	the	excessive	quan.ty	of	water	
some[mes	injudiciously	employed,	consists	of	pouring	upon	the	lumps	of	lime,	
collected	together	in	a	layer	of	uniform	depth	not	exceeding	six	to	eight	inches,	either	
in	a	water-.ght	wooden	box	or	a	basin	formed	of	the	sand	to	be	subsequently	added	
in	making	mortar,	and	coated	over	on	the	inside	with	lime	paste,	to	render	it	
impervious	to	water,	a	sufficient	measure	of	fresh	water	–	previously	ascertained	
approximately	by	trial	–	to	reduce	the	whole	to	the	consistency	of	thick	pulp.	It	is	
important	that	all	the	water	required	for	this	purpose…should	be	added	at	the	outset,	
or,	at	least,	before	the	temperature	becomes	sensibly	elevated.	In	this	condi.on	the	
lime	will	remain	en.rely	submerged,	and	compara.vely	quiescent,	un.l	aier	an	
interval	of	five	to	ten	minutes,	the	water	becomes	gradually	heated	to	the	boiling	
point,	when	a	sudden	evolu.on	of	vapour,	a	rapid	increase	in	volume,	and	a	reduc.on	
of	the	lime	to	pulp,	ensues.		
		
This	process	is	liable	to	great	abuse	at	the	hands	of	workmen,	who	are	apt	to	use	either	
too	much	water,	thus	conferring	upon	the	slaked	lime	a	condi.on	of	semi-fluidity,	and	
thereby	injuring	its	binding	proper.es;	or,	not	having	used	enough	in	the	first	instance,	
they	seek	to	remedy	the	error	by	adding	more	aier	the	ex.nc.on	has	well	progressed,	
and	a	por.on	of	the	lime	is	already	reduced	to	powder,	thus	suddenly	depressing	the	
temperature	[??]	and	chilling	the	lime,	which	renders	its	granular	and	lumpy.		
		



But	though	burning	of	Bricks	be	necessary	for	building	of	Houses,	&c.	yet	a	Wall	or	House	
may	be	made	with	un-burned	Bricks;	for	which	end,	1.	Let	your	Earth	be	high	and	well	
temper'd,	smooth	and	well	moulded,	as	already	hinted,	and	this	done	in	the	hoRest	
Season;	then	dry'd	and	turn'd	aier	the	manner	of	Brick-making;	only	it	must	be	longer	
exposed	to	the	Sun	and	Elements,	.ll	they	become	hard	and	tough,	and	then	use	them	
aier	this	manner:	Take	Loam	or	a	Brick-earth,	and	mixing	therewith	some	good	Lime,	
temper	them	very	high	[ll	they	become	tough,	smooth	and	glewy;	let	the	Wall	of	your	
House	be	one	Brick	or	one	and	an	half	thick,	and	your	unburnt	Bricks	being	laid	in	this	
well-temper'd	Mortar,	they	will	cement	and	become	one	hard	and	solid	Body,	as	if	the	
whole	were	but	one	en.re	Brick	or	Stone:		
		
When	you	have	raised	your	Wall	4	or	5	Foot	high	from	the	Founda.on,	let	it	dry	2	or	3	
Days	before	you	proceed	further;	then	build	thereon	4	or	5	Foot	more,	making	the	like	
Pause	as	before,	and	so	proceeding	.ll	the	Wall	is	finished:	A]erwards	temper	some	of	
the	same	Earth	the	Wall	was	made	of,	with	a	li_le	more	Lime	that	was	used	for	the	
Wall,	which	you	must	be	sure	to	temper	very	well,	and	with	this	Mortar	plaister	all	your	
Wall	well	on	the	other	side,	which	will	keep	off	the	Weather;	and	if	you	would	have	it	
more	beau.ful,	it's	only	pueng	more	Lime	to	it	and	less	Loam;	and	when	this	is	dry,	you	
may	colour	and	paint	it,	with	Red,	Blue,	or	any	other	colour	that	you	like	best.	
	
	Worlidge	&	Bailey	1726	



SPECIFICATIONS	
	
SLAKED	LIME	IS	TO	BE	PREPARED	FROM	HYDRAULIC	LIME	BY	
SPRINKLING	THE	REQUISITE	QUANTITY	OF	WATER	ON	THE	
LIME,	COVERING	UP	LIGHTLY	SO	AS	TO	RETAIN	THE	HEAT	
AND	MOISTURE	FOR	24	HOURS;	AND	THEN	THOROUGHLY	
STIRRING	AND	INCORPORATING	THE	SAND,	TOGETHER	
WITH	MORE	WATER	AS	REQUIRED..	
	
ALL	MORTAR	SHALL	BE	THOROUGHLY	MIXED	TO	A	
UNIFORM	CONSISTENCE	WITH	ONLY	SUFFICIENT	WATER	TO	
ATTAIN	A	PLASTIC	CONDITION	SUITABLE	FOR	TROWELLING;	
AND	HYDRAULIC	MORTAR	SHALL	BE	USED	WITHIN	10	DAYS	
OF	SLAKING	THE	LIME.		
	
Cowper	1927.		



It	is,	however,	a	universal	rule,	in	contradic.on	to	the	slovenly	
prac.ce	of	London	builders,	that	all	limes,	of	what	nature	
soever,	should	be	reduced	to	a	paste	before	being	mixed	
with	the	other	ingredients.		
	
People	who	have	not	studied	the	ac.on	of	hydrates	in	a	
scien.fic	and	consecu.ve	manner,	oppose	the	introduc[on	of	
the	previous	manipula[on	of	the	lime	on	the	score	of	the	
extra	expense,	and	on	the	pretence	that	the	lime	loses	in	
strength	thereby.		
	
	
Burnell	1857	



When	lime	is	of	inferior	quality,	or	there	are	not	the	means	for	
mixing	the	mortar	well,	it	is	considered	that	one	part	of	unslaked	
lime	to	two	parts	of	sand	is	the	propor.on	necessary	for	
obtaining	a	compound	of	proper	tenacity.	
		
If	the	lime	be	of	good	quality,	and	dependence	can	be	placed	
upon	the	diligence	of	the	persons	employed	making	the	mortar,	
one	part	of	unslaked	lime	to	three	of	sand,	has	been	held	as	a	
beRer	propor.on	than	the	above,	and	has	very	oien	been	used	
in	Government	works.		
		
It	appears	to	me	that,	for	common	mortar	[which	is	to	say,	fat	or	
feebly	hydraulic	lime	mortar]	for	the	walls	of	buildings,	the	
former	[1:2,	quicklime:sand]	may	be	considered	the	maximum,	
the	la_er	[1:3,	quicklime:sand]	the	minimum,	propor[on	of	
lime	that	ought	to	be	used.				Pasley	1826	



Mr.	de	Lafaye,	in	1777,	proposed	this	mode	of	slaking	lime	(immersion,	placing	slaking	
lime	into	barrels	to	cook),	as	a	secret	recovered	from	the	Romans;	it	made	much	
noise	at	the	.me,	but	experience	has	not	realized	the	great	results	an.cipated.		
	
The	first	(ordinary	method)	consists	in	throwing	on	the	lime,	as	it	comes	from	the	kiln,	
enough	water	to	reduce	it	to	thin	paste.	This	process	is	the	one	generally	employed	
with	fat	lime.	Too	much	water	is	added,	almost	always	—	that	is	to	say,	as	much	as	is	
required	to	make	it	a	thin	cream.	In	this	state	it	is	run	into	vats;	aier	some	.me	it	
thickens,	and	it	is	then	covered	with	a	layer	of	sand	or	earth	to	preserve	it	from	
contact	of	the	air…	
	
It	is	a	common	opinion	that	the	longer	the	lime	has	been	kept	in	this	state,	the	beRer	
it	is.	My	experiments	will	show	that	this	is	not	true,		
	
A]er	experiment,	suggests	that	lime	should	be	slaked	(with	
less	water)	mixed	and	used	within	days	to	maximise	its	
performance.		
	
	
	
Treussart,	France	1842	US		transla.on	
	
	



(Treussart	proposed	a	varia.on	on	the	slaking	methods	
advocated	by	Rancourt	and	Vicat	-	immersed	quicklime	
loaded	into	barrels	to	cook	and	mature)	Proposed	slaking	the	
lime	by	throwing	upon	it	a	quan.ty	of	water	equal	to	that	
which	would	be	absorbed	during	immersion.	This	opera[on	
must	be	performed	in	a	covered	area	next	to	the	works;	one	
throws	the	necessary	quan.ty	of	water	over	the	lime,	and	
leaves	it	to	slake	without	disturbance,	and	when	it	ceases	to	
produce	vapour,	agitate	it	a	liRle	or	use	a	s.ck	to	see	if	there	
are	any	poorly	slaked	parts,	throwing	some	water	on	these	
bits.	At	the	end	of	this	opera.on,	make	a	large	heap,	
smoothing	its	surface,	and	cover	it	with	sand,	the	slake	
comple[ng	overnight	for	the	mortar	to	be	used	the	
following	day.		
	
It	takes	approximately	one	man	day	to	break,	immerse	and	
slake	three	cubic	metres	of	quicklime,	making	it	somewhat	
expensive.																																																		Espinosa	1859,	Spain.		



In	preparing	ordinary	mortars,	it	will	be	
convenient	to	place	the	unslaked	lime	upon	a	
plank	floor,	under	shelter	from	the	sun	and	
rain,	and	then	(without	covering)	to	surround	
it	with	the	proper	quan[ty	of	sand.	The	
water,	requisite	to	produce	a	thick	paste,	
previously	ascertained	by	experiment,	should	
be	poured	on	the	lime	with	the	aid	of	
watering	pots	of	known	capacity.	The	lime	
must	then	be	well	s[rred,	so	as	to	expose	
every	part	of	it	to	the	ac[on	of	the	water,	and	
a]erwards	le]	to	itself,	un[l	the	vapors	have	
ceased	en[rely.	The	ingredients	may	now	be	
thoroughly	incorporated	by	means	of	the	hoe	
and	shovel.	If	the	mixture	is	made	with	
difficulty,	a	li_le	water	may	be	added,	but	
only	enough	to	produce	a	homogeneous	
mass.		



Dibdin	1911	
To	the	prac.cal	eye	there	can	be	no	manner	of	
doubt	as	to	the	kind	of	mixture	which	is	being	
employed	for	the	purpose	of	binding	bricks.	If	
it	is	good	stuff,	made	of	well-burnt	lime	and	
clean	sand	or	grit,	the	fact	is	patent	at	once	to	
the	expert;	and,	so	far	as	he	is	concerned,	
there	is	no	need	for	a	chemical	analysis	(p37)		
	
Rough	Test	for	Strength.	Take	a	fragment	of	
the	mortar	between	thumb	and	forefinger,	and	
try	to	break	it.	If	it	crumbles	easily	to	dust	it	is	
at	once	known	that	its	power	of	cohesion	is	
slight,	and	that	it	will	be	wan.ng	in	binding	
power.	(p38)		
	
All	hot	mixed	air	lime	mortars	will	pass	this	
test	with	ease.	Most	earth-lime	mortars,	too.	
It	is	NOT	an	indicator	of	hydraulic	lime	binder,	
as	some	have	asserted.		

(So,	for	mortar	that	sets	
soonest	and	to	highest	degree	
and	makes	best	cement)…it	
must	be	suffered	to	dry	gently	
and	set;	the	(desicca.on)	
must	be	effected	by	
temperate	air	and	not	
accelerated	by	the	heat	of	the	
sun	or	fire;	it	must	not	be	
we_ed	soon	a]er	it	sets;	and	
a]erwards	it	ought	to	be	
protected	from	wet	as	much	
as	possible,	un[l	it	is	
completely	indurated…and	
then	it	must	be	as	freely	
exposed	to	the	open	air	as	
much	as	the	work	will	permit,	
in	order	to	supply	acidulous	
gas….Higgins	1780	



Although	we	give	to	this	compound	the	name	of	hydraulic	lime,	it	ought,	
in	fact,	to	be	regarded	as	a	substance	altogether	different	from	lime;	it	is	
a	new	body	with	new	proper[es.	Treussart	1842	
	
	
In	the	case	of	masonry	made	of	fat	lime,	it	has	always	been	recommended,	
if	earth	was	to	be	laid	against	it,	that	it	should	be	lei	to	dry	for	some	.me,	
before	backing	it	with	earth;	and	with	the	same	object	it	has	been	directed	
to	wait	a	year	before	poin.ng	the	work.	We	see	that	with	hydraulic	mortars	
used	in	the	air,	it	will	be	beRer	to	act	differently.	As	the	masonry	rises,	it	
will	be	best	to	throw	the	earth	against	it.	The	poin.ng	should	be	finished	at	
the	same	.me	as	the	masonry,	this	being	the	beRer	and	more	economical	
mode.	During	warm	weather,	the	top	of	the	wall	should	be	copiously	
watered,	at	the	close	of	the	day,	and	whenever	the	masons	break	off	
during	the	day.	This	was	always	done	at	Strasburg,	and	was	found	to	be	a	
good	prac.ce.	
		
Treussart	



In	general,	all	mortars	become	pulverulent	when,	aier	being	applied,	they	are	
exposed	to	a	rapid	desicca.on.	The	influence	of	such	a	desicca[on	becomes	the	
more	fatal,	the	more	eminently	hydraulic	the	mortars	are.	They	may	lose	4/5	of	the	
strength	which	they	would	have	acquired	by	drying	slowly.	It	is	therefore	proper	to	
water	the	masonry	when	we	build	during	the	hot	season;	and	this	in	such	a	way,	as	
never	to	permit	the	mortar	to	whiten,	and	thus	part	with	the	water	necessary	for	its	
solidifica[on.	Vicat	1837	
	
	
	
When	the	seeng	(of	Roman	Cement)	begins,	all	the	moisture	on	the	surface	
disappears,	and	the	cement	feels	dry	and	warm	to	the	touch,	and	hardens;	the	
hardening	con.nues	for	some	months,	and	is	increased	by	frequent	wetng	the	
work,	in	cases	where	it	has	not	to	be	exposed	to	water	immediately	on	its	being	set.	
Nicholson	1841	



In	England,	some	years	ago,	when	concrete	first	came	into	extensive	applica.on,	
common	or	feebly	hydraulic	lime,	such	as	the	Blue	Lias	limestone	yields,	was	
generally	used	for	the	cemen.ng	substance.	The	quicklime,	having	been	first	
reduced	to	a	powder	by	mechanical	means,	was	incorporated	with	the	sand	and	
coarse	materials	in	the	dry	state.	Water,	in	sufficient	quan.ty	to	slake	the	lime,	
being	then	added,	the	concrete	was	rapidly	mixed	up	with	a	pug-mill	or	with	
shovels,	conveyed	away	in	barrels	or	carts,	and	used	while	hot.	It	was	employed	
extensively	for	founda.ons,	or	as	a	sub-stratum	in	light	and	yielding	soils.	In	order		
to	secure	the	requisite	degree	of	compression	and	density,	it	was	customary	to	
throw	it	into	its	posi.on	from	a	height,	and	some.mes	to	ram	it	aierwards….	
	
Of	late	years,	the	prac.ce	of	laying	fat	lime	concrete	hot	has	grown	into	disrepute	
among	English	architects	and	engineers.	They	now	prefer	that	the	lime	should	be	
thoroughly	slaked,	reduced	to	a	pulp,	and	made	into	a	mortar	with	the	sand	before	
the	coarse	materials	are	added.	This	process	is	always	followed	in	making	beton.	
The	advantages	of	it	are,	immunity	from	the	danger	of	par.al	slaking	before	use,	
superior	homogeneity	in	the	mass,	and	economy	in	the	amount	of	lime	required.		
Neither	the	English	method	of	making	concrete	to	be	used	while	hot,	(nor	ar.ficial	
block	making)…have	ever	received	any	extensive	applica.on	in	the	United	States.		
	
	
	
Gillmore	1886	(1861)	



Notes	from	Prof	Robert	Baker’s	notebook,	transcribed	1997.		
	
1977	Selec.on	of	Opera.ves	
	
Recommend	that	the	choice	of	person	for	the	work	should	rest	
far	more	on	a	responsive	apprecia.on	of	the	sculpture	than	on	
ambi.on	to	become	a	restorer.		
	
The	work	should	combine	serious	study	trips	to	France	and	
Germany	to	learn,	to	draw,	and	to	carve.		
	
A	very	high	standard	expected;	energy	and	enthusiasm	in	
(opera.ves’)	approach	to	study	
	
They	should	be	paid	to	study	and	have	Friday	as	a	study	day.		



Crowland	Abbey:	
	
‘	the	method	of	conserva.on	is	based	on	a	study	of	medieval	and	Roman	methods	
of	stone	conserva.on	together	with	more	recent	research	on	the	causes	of	stone	
decay	and	the	restrengthening	of	weakened	stone…together	with	the	study	of	the	
failure	of	methods	and	materials	used	in	the	last	100	years,	such	as	cement	mortars,	
cramps	and	dowels.		
	
Stone	was	(previously)	protected	with	lime	wash;	historic	evidence	demonstrates	this	-	e.g.	SE	side	of	
Tewkesbury	Abbey.		
	
…With	regard	to	the	durability	of	English	building	stone…we	find	that	the	stone	of	medieval	buildings	
great	and	small	was	protected	by	lime	and	stone	dusts	covering	the	ashlar	which	served	to	prevent	
moisture	and	pollu.on	entering	the	pores.	The	evidence	reveals	that	even	with	Victorian	thoroughness	
in	scraping	it	away,	there	remains	convincing	proof	that	the	sculpture	(at	Crowland)	was	painted	and	the	
mouldings	were	coloured	with	coats	of	paint	and	ground	-	keeping	the	stone	face	from	pollu.on	for	at	
least	two	centuries.	Today	we	cannot	repaint	either	figures	or	mouldings	since	the	surface	has	
weathered	back	and	is	no	longer	a	paintable	surface	and,	of	course,	it	would	be	completely	out	of	
fashion.	But	is	is	possible	by	the	use	of	lime	and	stone	dusts	to	obtain	a	more	weatherproof	surface;	to	
repair	badly	exfoliated	cavi[es	and	to	prevent	this	hard	calcite	skin	again	thickening	to	the	stage	of	
exfolia[on.		
	
Phosphor	bronze	dowels	used	where	essen[al	were	angled	to	give	restraint	but	NOT	grouted	(or	
glued)	to	allow	thermal	expansion	and	contrac[on.	



Clean,	potable	water	is	run	into	the	tank	to	a	depth	of	approximately	300mm	and	the	
quicklime	is	added	by	shovel	(NB:	the	water	is	not	added	to	the	quicklime	–	this	is	
extremely	dangerous);	because	the	violent	reac.on	which	can	occur	between	the	water	
and	fresh	quicklime	frequently	raises	the	water	temperature	to	boiling	point	[one	
would	hope	so,	but	does	it	in	fact?],	this	opera.on	must	be	carried	out	slowly	and	
carefully….	
	
The	slaking	lime	must	be	hoed	and	raked	and	s.rred	un.l	the	visible	reac.on	has	
ceased;	enough	water	must	be	used	to	avoid	the	coagula.on	of	par.cles	which	
significantly	reduces	the	plas.city	of	the	lime….	
	
it	is	always	beRer	to	have	an	excess	of	water	than	not	enough.	The	addi.on	of	water	
and	quicklime	con.nues	un.l	the	desired	quan.ty	has	been	slaked….		
	
Sieving	the	puRy	through	a	5mm	screen	will	remove	unburnt	lumps	and	the	larger	
coagula.ons….	
	
The	lime	puRy,	with	a	shallow	covering	of	water,	should	be	kept	for	a	minimum	period	
of	two	weeks	before	use.	Two	months	is	a	beRer	period	if	prac.cable	and	there	is	no	
upper	limit	of	.me.	The	minimum	period	is	to	ensure	that	the	en.re	mass	is	thoroughly	
slaked.	Aier	this	.me,	plas.city	and	workability	go	on	increasing.		
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Slaking	lime	with	sand	
		
A	varia[on	on	the	slaking	procedure,	which	has	a	long	tradi[on	
behind	it,	is	to	slake	the	quicklime	in	a	pit,	already	mixed	with	the	
sand	which	is	to	be	combined	as	mortar	or	plaster.	The	lime	needs	
to	be	in	small	lumps	so	it	can	be	accurately	batched	by	volume	
against	the	sand.	The	process	requires	.me	and	space	and	is	really	
only	prac.cable	in	long	programmes	of	repair	or	restora.on,	where	it	
is	intended	to	lay	up	quan..es	of	lime	puRy	[?]	and	sand	for	a	long	
.me.	The	technique	has,	however,	a	dis[nct	advantage	over	more	
familiar	mixing	procedures	in	that	this	early	marriage	between	
binder	material	and	aggregate	encourages	the	covering	of	all	the	
aggregate	par[cles	with	a	lime	paste	in	a	way	and	to	a	degree	
which	can	never	be	matched	by	conven[onal	modern	mixing.		
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