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Foreword

Lime bindersin mortar and concretewere replacedprogressivelyby cementduring
the 19" Century and since the early 20" Century have been uncommonin UK
building materials. As a result many petrographersvho are experiencedin the
petrographicexaminationof concretemight not be awareof issuesrelevantto the
analysis of limebased materials.

The heterogeneityf manylime basedconstructionmaterials,in particularin historic
buildings or structureswith small batchsizesand useof local materials,meansthat
guantitative analysisis prone to significant error when comparedto analysis of
modernconcretesample. For this reasonthis documentincludesdiscussionof both
microscopic and macroscopic analysis techniques.

Petrographicexaminationof such maerials shouldform part of a suite of analyses
including macroscopiagnspectionand assessmerdf the contextin which the sample
has been taken. There are few situations where a petrographicexaminationin
isolation will be sufficiehto address an iss@encerningconstruction materials.

Other techniques,such as mineralogical analysisby X-ray diffraction, elemental
analysisby X-ray fluorescenceor chemicalmethodsand examinationby scanning
electronmicroscopy,might be usedas part of the suite of methods,if appropriate.
Laboratoryanalysisof mortarsandtheir constituentsare coveredby British Standard
BS 4551, with referenceo additionaldocumentsuchasBS 890,BS 6463 European
Standarddocumerd prEN 459 andEN 13139and AmericanSocietyfor Testingand
MaterialsASTM C1324.

The terms mortar, plasterand rendercommonly refer to binder/ aggregatemixes
producedor arangeof building purposesin thefollowing sectionsof this document,
the word mortaris usedto describea binder/ aggegatemixture regardles®f origin

or function.

Sectionsin the Codeof Practicethat cover sampleinvestigationcontaina listing of
which featuresshouldbe examinedat eachstageof analysisanda discussiorof some
of the problematicissuesassociatedvith investigationof mortarsand other similar
materials.

This Codeof Practiceis oneof threebeingdraftedby the Applied PetrographyGroup.

The other two cover the petrographicexaminationof cementbasedmaterialsand
aggregates.
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1. AIMS

This Codeof Practicedescribesnethodsfor the microscopial examinationof lime
basedmortars,renders,plastersand other building materials.Suggestegrocedures
aregivenfor the preparatiorof thin sectionsandfor the techniquesf examiningthin
sectons with the petrologicalmicroscope.ln many casesthe equipmentusedand
preparationtechniquesare similar to those used in examinationof samplesof
concrete.Some aspectsof sampling and examination,however,require additional
information to ensuréhat the analysis is of maximum benefit.

2 EQUIPMENT

2.1 Equipment for thin section preparation

2.1.1 Diamond saws

Two diamond saws with waterbased lubricant are desirable,one with a large

diametercutting wheel (~500 mm diameter)and one with a smal diametercutting

wheel (<300 mm diameter).A narrowbladed(<1 mm thick), oil-lubricatedtrim saw

is also useful for cutting fragile specimensand for cutting off flattenedspecimens
mounted onto glass slides.

2.1.2 Vacuum impregnation equipment
A vaauum chambercapableof containinglarge samplesup to 5 kg, with meansof
introducing epoxy resin after the sample is evacuated is required.

2.1.3 Polishing, lapping and grinding equipment

A very wide rangeof grinding and polishing equipmentis availabe. The following
typesof grinding and polishing equipmentarein commonusein the UK but other
equally suitabletypesof equipmentarein useelsewheran Europeandthe USA. A
petrographicpreparationlaboratorywill require an appropriatecombinationof the
following items of equipment:

¥ High-speedvertical spindlegrinding wheelwith diamondabrasivebondedin
brass.This canbe oil or waterlubricated.This canbe usedfor rapid grinding
andfine diamondgrindingwheelslubricatedwith oil aresuitalde for flattening
impregnated specimens prior to polishing.

¥ Lappingmachineditted with resinbondeddiamondabrasivepads.Thesecan
be usedin the sameway asthe high-speedverticalspindlegrindingwheeland
the coarselgradesaresuitablefor rapid stock removalandthe finer gradesare
suitable for polishing. They can be used with either oil or water abrasive.

¥ Lappingmachineswith castiron lappingplatesandwith a controlledabrasive
slurry feed. Commonabrasivesinclude carborundumand aluminium oxide.
Suitablegrindingmediumwould be oil or water.Thewaterlubricatedlapsare
suitablefor the productionof large-areapolishedplatesandthe oil lubricated
lapscanbe usedto flatten impregnatedspecimengrior to mountingon glass
for thin sedbning.

¥ Vacuum chucks such as those manufacturedby Logitec to be used in
conjunctionwith an oil-lubricatedlappingmachinefor the controlledgrinding
of thin sections to thicknesses of down to abodipn.
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¥ Plateglasssheetto be usedfor final handfinishing of thin sectionsusingan
oil / carborundum abrasive slurry.

¥ Polishingmachineswith felt padsfor usewith abrasivediamondpastesfor
polishing to a mirror finish suitablefor reflectedlight examinationand for
guantitative SEM microanalysis.

2.1.4 Ovens

For drying of samplesprior to preparatiora temperaturef 70°C + 5°C (or 40°C if the
binder contains gypsum) is recommended Elevated temperaturesof curing are
requiredfor sometypesof epoxy resin. The curing of suchresinsshouldbe carried
out at temperaturesot exceedingt5°C. Ovensof this type arealsosuitablefor drying
specimens prior to their vacuum impregnation with epoxy resin.

2.1.5 Cleaning equipment
An ultrasoniccleaningbath is useful for the cleaningof impregnatedand polished
surfaces.

2.1.6 Consumables
Commonmaterialsusedin the UK for the preparatiorof thin sectionswvould include
the following:

¥ Low viscosity epoxy resinfor vacuumimpregnationof samples Somecure
exothermically and need to be kept cool during curing if usedin large
volumes. Some needslightly elevatel temperaturegno more than 45°C to
cure.

¥ Fluorescentdye that can be dissolvedin epoxy resin. Note theseare not
commonly used in Petrograprezamination of mortars, etc.

¥ Coloured dyes that can be dissolved in epoxy resin.

¥ Solvents for cleaning purposessuch as petroleum spirit, acetone and

methylated spirits.

Coolant other than water such as cutting oil.

UV-Curing adhesive for mounting andvewing of thin sections.

Carborundumabrasiveof various grades.One of the most commonly used

grades would be 66@rade.

K K K

2.2 Equipment for the petrographic examination of samples
2.2.1 Essential equipment
These items are indispensable and need to bggbfquality:
¥ A zoom stereo binocular microscoph magnification of at least x40.
¥ A high quality petrological photomicroscopeavith magnificationof at least
x500fitted with a digital camera.
¥ A point counting stage for the petrological microscopeto enable point
counting of thin sections.
2.2.2 Recommended equipment

For more detailed petrographic studies, the following equipment is desirable:
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A petrologicalmicroscopewith the facility to work in reflectedas well as
transmitted light

Point couning equipmentfor the measuremendf the air (void) contentof
hardened in accordance with ASTM C457

A petrologicalmicroscopewith appropriatefilters and light sourceallowing
the ability to carry out fluorescenceobservationsin either reflected or
transmitted light.

2.2.3 Specialist equipment

The following equipment can used in conjunction with more conventional
petrographictechniguedo investigatesomeof the more detailedaspectsof mortar
composition and deterioration:

¥

A scanningelectronmicroscope(SEM) with X-ray microanalysiscapability
for examininguncoveredhin sections brokensurfacesor speciallyprepared
polished surfaces.

X-ray diffraction equipmentis useful for identifying the composition of

complex binders, reaction products of chemical attack and identifying

deleterious materials in aggregates.

An infra-red spectrometecanbe usedto determinethe presenc®f sometypes
of organicadmixtures.
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3. SAMPLING

Diamondcoredrilling, or samplegakenin lump form areboth approprate It should
be noted,however,thatin the caseof historic constructionthe heterogeneityf the
materialcanbefar greatethanthatof modernbuildings.Greatcareshould,therefore,
be takenin selectinga sampleor samplesfor analysis.Samplingshould as far as
possiblefollow the methodsdescribedn section3 of the APG Codeof Practicefor
Petrographidexamination of ©ncrete, BS 4551: Part @r other appropriate standard.

Ideally, there should be discussionwith professionaldo determinethe reasonsfor
samplingandthe informationrequired.Suchissuesare coveredin Building Research
Establishment(BRE 1995), Ellis (2002) English Heritage (1988) and Historic
Scotland (199%: 2007).

During the site visit asmuchinformationas possibleshould be gainedregardingthe
sampleandits contextwithin the building. The functionof the samplein the structure,
the type of mortar (pointing, plaster,render,etc.) and the condition of the material
should be described. Other data of value includes(e relevant):

¥ The location of the sampla the structure

¥ The aspect of the wall

¥ The location andoundness of rainwater goods
¥ Sources of heat within the building

¥ Original sources of materials

¥ The repair history

¥ The condition of surrounding materials

The ageof the sample if known,alongwith any historicalinformationrelatingto the
building / structure or specificarea,suchasexposurgo fire, blastdamageegtc., will

all aid the petrographeiin the interpretationof their observationslf sampéd by a

third party, photographs of the structure and the sample location will also be of value.

Sampe size is difficult to specify and there might be constraintsof how much
material may be removedthrough building type or considerationsof conservation
aestheticsAs historic mortarscancontaincoarsegrainedaggregateind quantitiesof

unmixedbinderlargersampleghanthosecommonlyobtainedthroughdiamondcore
drilling might berequired.An importantpointto emphasisé& samplesareto betaken
by a third party is that samplescomprising powder (sampledby abrasioncausing
disaggregatiorof the mortar) are of limited use.lIt is often advisableto obtain more
than one sampleto ensurethat the reportwill be applicableto the materialsin the

building / structure under investigation. This is of particular importanceif the
structure has beaesxtended, modified or repaired
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Selectionof a sulbbsamplefor thin sectioningis alsodependanin parton the reasons
for analysisCommonlya samplewill beanalysedwvith theintentionof examiningthe

mortar/ air or mortar/ stoneinterface,in which casethe thin sectionwill be cut

perpendicularto this interface.lt is thereforerecommendedhat samplesinclude a

part of the adjoining masonrymaterial (stone or brick in the caseof beddingand

jointing mortars), and crosslayer interfaces(in the caseof plasters,rendersand

pointing mortars).

In examiningolder mortarsit is of valueto take note of the geologyin the areathat
the building / structureis situated,or, if known,the sourceof thelime. Therearefew
limestonesourcesin the north of the UK that producedpure, high calcium limes.
Many limestones in the UK contain a proportion of dolomite.
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4. MACROSCOPIC ANALYSIS

4.1 Features to be described (see Section 9, Table 1)

During examination of the hand specimen all samples should be described in terms of:
4.1.1 Condition of the external surface and other interfaces

4.1.2 Any evidencefor damageor degradatiorto the sampleincluding surfaesand
interfaces

4.1.3 Size and distribution of fractures
4.1.4 Size and distribution of aggregate grains

4.1.5 Condition of the binder (paste)including the presenceof relict limestoneand
relict fuel

4.1.6 Colour of the mortar (MunséllColor if possible)

4.2 Discussion

Thefunction of the sampleshouldbe describedwvith respecto the observationgnade
in section3. This is bestdeterminedn macroscopi@nalysisasa thin sectionmight
provide no information on sample origins.

In wall coveaings the numberof coatsand the thicknessof each coat should be
measuredand the bond at eachinterface assessedlhe presenceof admixturesor
additivesshouldbe notedanda visual estimateof the proportionsmade.If hair, straw
or other fibres are presentthen their distribution throughoutthe mortar should be
noted along with their orientationrelative to any interfaces.A descriptionof the
conditionof suchfibrese.qg.brittle, denaturedreplacedby calciteor gypsumcanalso
be of value.

In lime basedmaterialsthe amountof carbonationcanbe examinedusinga solution
of Phenolphthaleih (Vogel, 1948) This reactswith calcium hydroxide to give a
strong pink colouration. This is commonly of use in modern materials but
uncarbonatecatalcium hydraxide hasbeenfound in densemortarsin excessof 100
yearsold. An assessmermf carbonatiorshouldonly be madeusinga freshlyexposed
clean surfaceor an uncoveredthin sectionas contaminationfrom other building
materials issa common problem

The hydraulicity of the binder (i.e. the amountof chemicalset)is bestassessetly a
combinationof handspecimerandthin sectionexaminationASTM C25-06, Crisci et
al., 2004) There might not alwaysappearto be a clearrelationshipbetweenbinder
microdructureand hydraulic content,but this is dependanbn the samplecondition.

! A solution comprising 1g phenolphthalein, 100ml of ethyl alcohol and 100ml water.
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Additional analysissuchasby XRD XRF andSEM or quantificationof solublesilica
content, might assist in clarifying situations where doubt exists.

The useof polishedsurfaceexaminationis morecommonin the analysisof concrete
and the methodis describedin sections4.1 and 5.3 of the Code of Practicefor
Petrographic Examination of Concrete
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5 THIN SECTION PREPARATION

5.1 Introduction

This sectionprovidesa descrption of a possiblemethodfor thin sectionpreparation.
This methodof preparations commonlyemployedin the UK, howeverit shouldbe
noted that many other proceduresand types of equipmentare available. For all

methods employed it is essential tha tbllowing precautions be taken:

5.1.1 Excessiveheating(temperaturesf >45°C) is avoidedduring the preparation
of the thin sections.

5.1.2 Exposureto water should be kept to a minimum in order to avoid the
occurrenceof secondaryhydrationand the loss of water solublecompounds
from thesample

5.2 Preliminary impregnation and cutting

In mostcasest is possibleto carry out initial cutting using a waterlubricatedlarge
diameterdiamond saw. In the caseof very weak or friable samples such those
affected by fire damageor acid attack, it is essentialthat the samplesurfacebe
vacuum impregnatedwith resin in order to consolidatethe surfacesprior to any
cutting being carried out.

It is desirablethat the final statesof cutting be carried out using a precisionsmalk
diametersawin orderto minimisethe amountof damagean the cut surfacethatneeds
to be removed prior to mounting on to glass microscope slide.

5.3  Impregnation

In orderto producehigh quality polishedsurfaces particularly if the sampleis very
porousbit is essentiathat the samplebe vacuumimpregnatedvith a low viscosity
epoxy resin prior to polishing and grinding. The use of a coloured dye is
recommendedn orderto assistin the determinationof porosity and microcracking.
Fluorescentyesmay alsobe employedfor this purposeThe mosteffectivemeansof
impregnationis to placethe samplein a vacuumchamberand evacuateprior to the
introduction of the impregnating resin.

5.4 Initial lapping

Prior to mounting the specimenon to a glassslide, it is necessaryto removethe
damageintroducedinto the surfaceof the sampleduring cutting. This is generally
doneusinga combinationof grinding andlappingto producea high quality optically
flat surface thatan be bonded on to a glass microscope slide.

5.5 Mounting onto glass slides
The flattened specimenshould be fully cleanedb preferably using an ultrasonic
cleaningbathanda solventsuchaspetroleumspirit. The polishedsurfaceshouldthen

be wiped overwith a soft tissueusinga solventsuchasmethylatedspirits or acetone.
The cleanedsurfaceis then bondedon to a frosted glassslide using a UV-curing
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adhesivelt is importantin mountingthe specimeron to the glassthatthe thicknessof
the lond is of a controlled thickness and is kept to a minimum under the specimen.

5.6 Removal of excess material

Oncebondedon to glassthe specimens thenreadyfor the excesanaterialto be cut
off. This is doneusing a precision oil lubricateddiamondsaw and when complete
should leave a section thickness of the order of 1mm.

5.7  Final lapping

Thethin sampleis thengrounddownin stagedo a thicknessof approximatelyl50to
200 pum usingdiamondsurfacegrinding equipmentubricatedby oil. Furtherlapping
using a precisionvacuumchuckis usedto take the secton to a thicknessof about
40umif it is to be handfinished.With sometypesof equipmentt is possibleto take
the thin section down to its final thickness using very fine diamond grindiegls.

5.8  Hand finishing

Using a petrological microscopeto measurethe thicknessof the thin sectionthe
section can be hand finished down to its final thicknessof 25 B 30 um. The
birefringence of quartz particles presentin the aggregatecommonly provides a
convenient way of judging the thickness of the thin section during hand finishing.

5.9  Covering
It is importantthat on completionthe final sectionbe thoroughly cleanedand then
coveredusing a glasscoverslip. This is to preventdamageto the sampleafter its

preparatiorandis alsoimportantto reducelight scatteringduring the examinationof
the thin section.
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6. PETROGRAPHIC ANALYSIS

6.1 Features to be described (see Section 9, Tables 2 & 3)

6.1.1 Details of the minerals and rock ggpresent within the aggregate
6.1.2 The size distribution of the aggregate

6.1. Any potential deleterious reactions associated with the aggregate

6.1.4 Detailsof the type, condition, crystallinity, andif presentdegradatiorof the
binder

6.1.5 Evidence forelict limestone and relict fuel

6.1.6 Pore (void) sizes and distribution

6.2 Discussion

At leastonethin sectionandpreferablymore dependingon the specific objectivesof
the investigationshould be preparedfor eachsampleas approprate and eachthin
sectionshouldmeasureadeally 45 x 70 mm. Thelocationandnumberof thin sections
requiredshouldbe decidedby the petrographeduring the preliminary macroscopic
examinatiorof the samplesHoweverit is oftenadvantageouthatat least onesection
be madefrom a plate cut at right anglesto the externalsurfaceof the sample sothat
the outer~70 mm areincludedin the section.Poregeometryshouldbe notedasthere
is some evidence that pore shapelvesover time.

The heterogenigy of historic building materialsis suchthat quantitativeanalysis(i.e.
point counting)shouldbe usedonly if considereassentiato the examinationASTM
C457, Leslie & Gibbons, 2000).

Bindersmadeusing gypsum(calciumsulphatehydrate)or a mixture of gypsumand
calcitearedifficult to identify in thin sectionunlessthereis recrystallisatiorof coarse
crystallinegypsumwithin bindercavities.Gypsumrich bindersarerelatively easyto
identify in hand specimen.If thereis a needto identify microcrystallinegypsum
within a binder then a stain using mercuric nitrate can be used.

Binderswith a clay componen{i.e. whereunburnedclay wasusedeitherexclusively
as the binder material or mixed with lime) require the application of additional
analysistechniquesThe mineralogycan be determinedoy employingXRD analysis
andthis is often assistedy the examinationof recoveredesiduefollowing a simple
acid dissolution of any lime binder component.

Theuseof organicadditivesin lime basedinderscannotbeidentifiedin thin section.

Howeverit is not uncommonto distinguishthe effects of the presenceof organic
componentsn the mortar. Simple spottestsusing oxidising agentsand the textural
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appearancen thin section might highlight the presenceof organic material but
identification of the form of the componentpresentwill requirethe useof complex
analyis.It mustalsobe bornin mind that organicmaterialsare proneto degradation
and the residual components detected may notdresentative of those added.

Care should be taken to identify areasof binder where there has been either
dissolution or re-precipitation of calcium carbonate.The mobilisation of calcium
carbonatebinder is a commonoccurrencen lime-basedmaterialsand can causea
significantchangen the bulk chemicalcompositionof the sample(Leslie & Hughes,
2002) If thisis notidentifiedthenthereis arisk of significanterrorin thereportingof
mortar composition. This mobilisation cannotbe identified through wet chemical
analysis and petrographicanalysisis required to ascertainthe dissolution and
reprecipitation of binder.

Thesecommentsareequallyapplicableto dolomitic andgypsipheroudinders Where
reprecipitationoccurs,caution should be exercsed not to misinterpretthe result of
chemical attack such as those produced by externally derived sulphates.

In additionto dissolutionandreprecipitationof binder,the methodof productionof a
mortar can lead to differencesin the quantity of unmixed binder material. Mortars
produced by mixing calcium oxide (quicklime) and damp aggregatecommonly
contain high proportionsof unmixed binder in the form of lime inclusionswhich
effectively form part of the aggregate.

The mortaraggregatenalysisshoutl be carriedout in accordancevith BS 812:103
and tre APG Code of Practice for tipetrographieexamination of aggregate.

Othermaterialsin a mortarmightincludeadditionsof fibres suchashair (particularly
commonin internal plasterwork, brick dustor other pozzolanicmaterials(Gibbons,
1997) and impurities from the kiln in the form of relict fuel and relict limestone
(eitherunder burnor over burnt might also be presefiteslie & Hughes, 2005)
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7. QUANTIFICATION

Materialscan be (semt) quantifiedin thin sectionexaminationproviding sufficient
sample material is available.

If necessaryguantification of binder and aggregateproportionscan be madeusing
point countingin the modified proceduredescribedn ASTM C457 andthe RILEM
method for quantificationof binderandaggregateroportions(RILEM, 2000,2001)
Determinationof the water/ cementratio is not commonlycarriedout in analysisof
lime-basedmortars.

In historic materialsan additionalcomplicationlies in the variety of waysin which
bindercould be mixed with aggregateThe differentforms of lime all havedifferent
densities (see Table 4) making conversion of weight proportions to volume
proportions prone to significant error.

Petrographi@xaminatiorof a materia in thin sectionis anidealmethodat arriving at

the characterof a mortar and also allows an assessmenof its past and future,

performanceConsideratiorof the aggregateype andrangeof grainsizes,alongwith

binder type, will assistin the interpretation of the resultsreportedfrom standard
chemical analysis, particularly where there is some ambiguity in the relationship
between composition and visual appearance or performance.
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8. REPORTING

A report should include the following informatioihis recommended that the data are
recorded in table form as shownsection 9 of this document

¥ A qualitative descriptionof the mortar function, composition,and structure
derived from macroscopic examination.

¥ A qualitative descriptionof the binda compositionand structure,aggregate
composition,interfaceswithin the sampleandthe relationshipbetweerbinder
and aggregate derived from microscopic examination.

¥ Where appropriatea semtquantitative determinationof the proportion of
constituents.

¥ Referencedo additionalanalysismethodsusedand/ or recommendationfor
further work to be carried out

¥ If appropriatecommentmnaybe givenon the ageof the samplejts response¢o

exposurd weatheringetc,andif requiredguidancegivenon its conservation,
replication or the design of a compatible restoration mortar.
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9. EXAMPLE TABLES FOR THE COLLECTION OF
PETROGRAPHIC DATA

Table 1: Macroscopic features

Laboratory ref.
Sample ref.

Sample preparation
details

Sample dimensions:
Core diameter (mm)
Core length (mm)
Number of pieces
Description of outer
surface

Description of inner
surfaces and other
interfaces

Binder colour
Binder texture

Lime inclusions:
Size

Proportion of binder
Coarse cracking:
(>0.12 mm wide)

Fine cracking:
(0.01-0.10 mm)
Carbonation:

Typical depth (mm)
Coarse aggregate
distribution:
Measured / estimated

porosity (voids)
(Vol. %)

Supplementary notes:
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Table 2: Petrographic description of the aggregate

Laboratory ref.

Sample ref.

Coarse aggregate:

Maximum size (mm)

Typical shape

Major rock / mineral
types

Minor rock / mineral
types

Trace rock / mineral
types

Fine aggregate:

Grading

(estimated BS 882 (fine-
medium-coarse) grading
classification)

Maximum size(mm)

Typical shape

Major rock / mineral
types

Minor rock / mineral
types

Trace rock / mineral
types

Evidence for

aggregate reactions
(e.g. akali reaction, unstable
slag, pyrite)

Aggregate surface
details

(include evidence for
aggregate shrinkage, DEF or
AAR)

Artificial aggregate
(e.g. brick, slag, clinker)

Other material
(e.g. hair, straw)
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Table 3: Petrographic description of the binder

Laboratory ref.

Sample ref.

Binder type

Binder texture

(details of porosity, grain size)
Portlandite

(approx. vol.% of binder)

Lime inclusions
Size

Texture

Vol. % of binder
Porosity (voids)
General vol. %
Porosity distribution
Micro cracking

Void fillings and
abundance

Table 4: Compositional data (optional)

Laboratory ref.

Sample ref.

VOLUME PROPORTIONS:

Binder(set) %

Fine aggregate %

Coarse aggregate %

Porosity (voids) %

Form in which binder was
mixed (if known)

Binder constituents

WEIGHT PROPORTIONS:

Fine aggregate (kgfh

Coarse aggregatkg/nr)

Binder (unset} (kg/nt)

Water (kg/m)

Aggregate / binder ratio

Binder content
(Wt. %Y

1 Note different anépproximatedensities of lime binder in the form of putty
(11350 kg/m®) dry hydrate (1000 kg/fand quicklime (<900 kg/f
2 Calculated on an equivalent oven dried basis.
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11. DEFINITIONS?

(See also the Glossary of terms used in petrographic examination of building
materialsproduced by the APG.)

In additionto thosegiven below further definitionsaregivenin the codesof practice
covering cements and aggregates.

Aggregate  Any materialwhich, when combinedwith a binder, forms a mortar.
This can include sand, crushed rock, brick dust or other mineral fillers.

Binder A materialsuchaslime, gypsum,clay, cement.etc, or a combination
of two or more which binds together aggregate particles.

Builders lime Non hydraulic, powdereddry hydrate lime, available in building
suppliers.

Carbonation The processof transformationof lime (calcium hydroxide)to calcite
(calcium carbonate)hrough loss of water and absorptionof carbondioxide. This
process creates a set in a lime mortar but can be deleterious in concrete.

Cement Commonly taken to be the modern, commercally available binder
known asOPC,or Ordinary PortlandCement,or a modified cementto BS EN1971,
the main componenf which is producedby burnng calcium carbonateandclay at
high temperatured_esscommon,but occasionallyencounteredn specific situations
are proprietary blends, containing modifiers and organic components,and High
Alumina Cements (HAC).

Cracking: Cracks are classified using the following terms:

¥ MacrocrackThesearecracksthatarereadily visible to the nakedeyewithout
theaid of a stereo binocular microscope and are typically >0.10 mm wide.

¥ Macroscopiacracks:Thesecracksarevisible in the handspecimeror with the
aid of a stereo binocular microscope and are typically >0.01 mm wide.

¥ Fine crack: Theseare cracks that are only readily visible with a stereo
binocular microscopeor in thin section. Cracks of this type are typically
between 0.01 and 0.10 mm wide.

¥ Microcracking: These cracks cannot be detectedwith a stereo binocular
microscope.They are typically <0.01 mm wide and are most easily seenin
petrographic thin sections containing stained or fluorescent resins.

Dolomitic lime Lime derivedfrom dolomite (mainly consistingof calciumand
magnesium oxide, typically 35 to %bby weight magnesium carbonpate

Dry hydrate A binderin which calcium oxide (quicklime) hasbeenhydratedwith
sufficient water to form calcium hydroxide in the form of a dry powder.

2 See dso the Glossary of Termsin the Code of Practice for the Petrographic Examination of Building
Materials produced by the APG.
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Flooring / screeds / lime concrete Similar in function to flooring produced by
cementbasedmaterials.Somefloor surfaceslescribedaslime / ashfloors arein fact
gypsum / ash floorproduced using calcium sulphate binders

Hardburned lime  Quicklime that hasbeenexposedo prolongedcalcinationand
thatmight be poorly reactivas a result. Also known as overrht lime.

Hydrated lime Lime that has been hydrated either with sufficient water to form
calcium hydroxide in the form of a powder or with excess water to form a putty.

Hydraulic lime Impure lime containing clays or other materialsthat give a
mortar a chemicalsetthat is commonly quicker than the carbonationof pure, non
hydrauliclime. The strengthof the chemicalsetcandependon the quantity of clays,
etc.,butalsoon the conditionsof manufactureNaturalcementis a particularlystrong
variantof a hydrauliclime. Hydrauliclimescannotbe storedin theform of putty asin
the aqueous environment the chemical set will take place.

Lime (non-hydraulic) Pure lime containing only calcium hydroxide, also
known as fat lime, air lime, or high lime.

Lime putty A form of nonhydrauliclime in which calciumoxide (quicklime) has
been hydrated with excess water to form soft, workable putty.

Macroscopic This is a general term referring to features that are visible to the naked
eye or with the aid of @exreo microscope.

Magnesian lime Lime derivedfrom calcite containingmorethan5% by weight
of magnesium oxide (typically 5 to 35%).

Mortar A generakermfor abinder/ aggregatenix usedin constructionMore
specificallythe term mortarrefersto a mix usedto bed masonryblocks (pointing) or
to fill a cavity betweentwo masonryleaves(wall core). Aggregatecanvary in grain
sizefrom a fine powder(<0.1 mm) filling 1-2 mm joints betweenashlarmasonryto
coarse gravel (>50 mm) in wall core.

Natural cement Naturalcementsarehydrauliccementgroducedoy mining and
burningdepositsof limestoneandclay with a specificchemicalcompositionwithin a
narrowrange.Strengthanduniformity of natual cementsarelower thanfor Portland
cementsNatural cementswere commonin 19" and early 20" century construction
until superseded by Portland cement.

Plaster A wall coveringcommonly referring to internal surfacesbut which
canin somepartsof the UK referto externalcoveringsworkedto a smoothsurface.
Internal plasters commonly, but not always, contain gypsum (calcium sulphate
hydrate) as a component of the binder.

Portland cement Portland cementis the most commonform of binder usedin

concreteandis manufacturedrom the burning of limesone and an aluminosilicate
rock (clay or shale) at temperatureof up to 1500C. There are many forms of
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Portlandcementand it is commonly possibleto distinguish sulphateresistingand
white Portland cement and ordinary Portland cement using petragthphsections.

Pozzolan A material containing reactive mineralsthat when addedto a lime
mortargive a chemicalset.Pozzolanganbe natural(volcanicash,siliceousclays)or
manufactured (brick dust, fuel ash).

Render A wall coveringcommonlyreferringto externalsurfacesThe covering
canbe smoothbut alsocanhavean applicationof gravelasthe outerlayer. The latter
can be in the form of a OwetdashOin which the aggregatds applied coatedin a
binding slurry (lime or cement)or asa OdrydashOwherethe aggregatesire thrown
onto, andpartially embedded in, the fresh, smoothed render finishing coat.

Roman cement A natural hydraulic limes produced by the burning of
limestonescontainingclay materialsand/ornodulesof silica. The namewasadopted
becausehe distinctive brown colouration which resembledmortarsof the Roman
period.

Quicklime Calcium oxide, produced by burning calcium carbonate at a
temperature of approximately %D
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