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INTRODUCTION 

We were requested to undertake a petrographic examination on various materials in accordance 
with your instruct.ions. 

The purpose of the analysis, in the case of natural stone, was to moreds the stone and provide 

an assessment of a potential matching source. 

2. SAMPLES RECEIVED 

Samples were received from Stunewest Ltd at Sandbag laboratories on 12 February 2010, as 
follows. 

Sandberg Site Mark & Advised Location Sample details 
Reference Details 

West Elevation 

634801 Stone di] I no, lump (138.79) 

634802 #1 High level sample I I no. lump (489Mg) 

634803 #2 High level sample 2 I no, lump (50,2g) 

634804 •#3 High Ievd sample 3 1 no, lump (414.9g) 

634805 #4 High level sample 4 1 no. lump (23.9g) 
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3. TEST METHODS AND RESULTS 

Each sample was subjected to petrographic examination in accordance with the methods 
described inES 5930:1999, ISRM, ES EN 12407:2073 and ASTM C85&4)4 as appropriate 
to the material 

Each sample was first subjected to macroscopical and low power s te rscopic  microscope 
examination supported by simple physical and chemical tests. 

A representative portion from each sample was used to prepare a large area thin section which 
was examined using an Olympus 8112 and Leka D1,14500P high power petrological 
microscopes employing plane polaris'S and cross polarised tight at magnifications up to xl000. 

The detailed petrographic examination results are given in Tables I, 2 and 3 of this report. 

Stone till [G34801] 
Off-white to faint cream, fine to medium grainS OOLITIC IJMES1TONE. The sample was 
weathered and discoloured on apparent exposed surfaces and painted in places. The stone was 
moderately soil and appeared mkroporous. 

The sample could be matched to Portland Albion Stone (probable). 

The marches for the submitted sample in terms of colour and appearance, along with potential 
sources, is detailed below. 

Sandberg Potential Source Material Degree of 
Reid Site Confidence 

Mark in Match 

G34801 Portland Albion Stone Probable 
Guiting Cotswold Hill Quarry Possible 
Ancaster Freestone Possible 

The sample received was compared against archived petrographic data and thin sections. It is 
therefore recommended that colour matching of the stone front the suggested potential sources 
with the material on site is carried out 

ES 5930:1999. Code of Practice for Site Investigation, Clause 44, Description and 
Classification of Rocks for engineering Purposes. 

Rock Characterisation Testing and Monitoring. International Society for Rock 
Mechanics (ISRM) Suggested methods. .Petrographic Description of Rocks p.73, 1981 
Edition. 

ES EN 12407:2007. Natural Stone Test Methods Petrographic Examination, 
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We would strongly recommend that the suggested source quarries are visited by an experienced 
geologist and sampks are examined in detail with respect to compatibility of physical 
characteristics, durability and comparative performance. We would welcome the opportunity 

to assist in this process. 

Sample #1 (6348021 
Grey c.oloured (in hand specimen) generally good to moderate compacted RENDER / 
MORTAR. 

Sample #2 [034803] 
Pale grey coloured (in hand speci.men) generally good compacted PERLITE MORTAR. 

Sample #3 [G348041 
Grey coloured (in hand specimen) generally good to moderate compacted RENDER / 
MORTAR. 

Sample #4 [634805] 
Grey coloured (in hand specimen) generally good to moderate compacted RENDER / 
MORTAR. 

4, REMARKS 

The stone matching was based upon the sample submitted. Stone sources may be expect.ed to 
exhibit considerable lateral and vertical variations in composition and character over short 
distances and single samples are unlikely to be reliably representative of whole source areas or 
specific locations within these areas during continuing exploitation. 

In addition, the above suggested quarries may have stopped operating or the new stone 
extracted may differ considerably in colour, texture and overall composition with that originally 
produced. 

These results and comments conclude the testing requesmd to date, Please do not hesitate to 
contact us if we can he of further assistance, 

Stonewest Ltd 
Lamberts Place 
St. Jan. e s s  Road 
Croydon 

as Surrey 
CR9 2HX 

S 
For the attention of Mr James Kennett 

DJE/Geomanlvb 

For Sandberg LLP 

D J Ellis 
.Partner 

1.7 March 2010. 

Matertats, srnpt* aa  tes spccines an retaSed nsa eriea a42 gncruths ftorn the Sue f the tint repun. 

Tests repurS on ,thrnts em treartag the UIKAS tege in thtr rext55niticau, are Cer tededs in the UKAS aceredinuten achedtde to this 
Utrera tory - 
O5niens no inter 'tasiena erpressed herein are outside the scope a t  UICAS accreditation, 
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PETROGRAPHICAL EXAMINATION OF ROCK 
ES 5*3th18% ISRM Method sect ES EN 4D7:2007 

I0/3 

PH 
O d e  of T a t  by 

1t320101P5 

MATERIAL DESCRIPTION: OfEwhile In taint cream, fine to medium premed OOLITIC liMESTONE. The sample was weathered 
arid discoloured on exposed surfaces and paInted In ptsoaa. The stone was moderately soIl and 
appeared mist oporous, 

COMPONENT 

t,acrtte incudtnq W. 
ffiedash, 
Quartz 
Sperry caldIe 
Voids 

TOTAL: 

Vouma 
The stone was bund to be an ootitjc btodestic lImestone, mainly 9fain supported. 

Estimated) consistiop mainly of micrific odds, some hmodastic raMs,  occasional quartz grains, 
sparse Malta as Interpranular material in places and rare Sperry c&che, 

70 Micridc colds, commonly less than 400pm across, constituted the stone framewortc 
I and ashibited a faint concentric texture, 

Relict biodastic debris was present throughout the sample generally elongate, 
20 possibly bivalve shell fragments, occasIonally exhibiting the originS aragonitic 

texture and sporadically replaced or partlaily replaced by Sperry caldte, 

00 Rarely sperry calcite appeared to bEll interpranuist voids, 

Occasional irregular to etongele quartz grains less than 200pm across were mainly 
present within odds. 

The stone was moderately compacted with frequent Irregular bntarqranular voids 
throughout the sample, maInly as bntergranraar spaces. The mnlotlte was 
mnicroporous, with pores beyond the resolution of is b'ansmltted light microscope, 
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PETROGRAPHICAL EXAMINATION OF STONE PHOTOMCROGRAPH 
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P h o t o m k t o g r p h  Details 

sndberi l  Samp'e Reh G34801 Cen t  Re1She MMk: OoWc limestone 
Weeteevatbn stone clii 

c o c o p .  L h t  P!ne a r a d  O * c t h a  Manflcaflon xS p. 

phatomcrtgrph Sswpton 

G . . . I  view of stone stmcture. Y . H .  c&onr Is dna to yeflow mpawtaUn resIn w h t h  has intllied the 
Intmgnnu spaces antI microperos. 

U 
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PETROGRAPHCAL EXAMINATION OF STONE PHOTOMICROGRAPH 

A B C D E F G 
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Photomicrograph Details 
Se d b e r s  a Ro CentRetiSlto Mark: Gofilic nnstone 

West eleygItbo none clIl 

Mcroscope Light Crtns poarIeed ObJective M a n I c e t k n  xil 

Photomcroraph riptIon 

General vIew otston. structure, Yel'ow colow Is due to yeHow impptqnaflnq reain which has infiRedthe 
hflergranl3lar spacac and m lcopom.  Red arrows point to wiath grains, 

S 

.5 
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L_Nor a__J 
MICROSCOPICAL EXAMINATION OF RENDER I MORTAR 
Based on ASTM C856-04 

Details: 

Microscope Details: 
(4p .  ,nagriffation usea 

Position o f  Specimen: 

Fine Aggregate: 
(loot. pathcle S/ZQ grading, distribution, shape 
acid compostion) 

Unhydrated grains: 
(hid "do.,abundance and degree of hydration) 

Carbonation and Portlandite: 
(aid depth arid degree of ca,bonation, ado and 
disthbution of Oa(OttJ 

Compaction and Void Details: 
and microporosity and rod t}pas, size 
distribuuion) 

Cracks and Microcracks: 
(ihct sizes, abundanca distribution relationships 
to other features) 

Other Information: 
(inc any evidence of deterioration, chemical 
ethic sontace coaSgs, rnuitipie layering oto) 

G34802 

West elevation Hid, level 

A rapt sentativa portion from the sample Was impregnahad with an 
epoxy resin and used to prepares large area thin section. 

Olvtnotis S i  sterec'scooc microscope and Olympus 61-12 and Leica 

of the submitted sample. 

Natural sand, with particles up to 7mm across, comprising mainly 
irregular particles of quarts. quarirlte, chad/flint, and sporadic feldspar 
and glauconite. 

Grey in hand spedmen and greyftrown in thin section 

Portland cement binder, 

hydrated cement grains up to 

the matrix was mainly uncerbonatad with thin carbonation dma along 
void boundaries and partial carbonation in places next to the brick 
substrate, The uncerbonated matrix exhibited occasional portlandite no 

Generally good to moderate compaction for a render I mortar with 
compaction irregular voids up to 5mm x 10mm. The microporosity of 
the cement pasta was generally low. 

Very few cracks possibly due to sampling 

None seen 

No evidence of chemical atlack or deterioration was identifpsd in the 
specimen examined. 
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MICROSCOPICAL EXAMINATION OF HARDENED RENDER! MORTAR 
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SamØ. RS 0$4 MOM RoVSA. 
W a t  flwafton M0 

rsn tS  I m o S r  Y&ov, cobuv is S o  to yallow m p n o t h i t S n  InfilUng v o S .  Rot onwo 
pol"tto onhydntsd cement gnhw. &cwn gnSO a 4 M  is e aaoconfte gtan. W f l e  oming ere quaf t  whUd 
the antn at C 4 6 4  is a corUthtg pa4St 
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MICROSCOPICAL EXAMINATION OF HARDENED RENDER / MORTAR 
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Sandberg S a m $ e  Re t  ClIent RetSlte MMt: Sample 
West elevelion hII 

Genrnt v a w  o t  media, I mortat. Yellow colour Is clue to yellow impregnatIng resIn iflllIn vokla Note brIght 
fine carbonatIon rIms Song  the void walls, Red arrows poInt I .unhyc&atS cement graIns. Brown . j S n  at E-FIS 

Is lauconite graIn. WhIte, blue and bIueIroy grains are quartz whIlst the . I n  at C - D "  Is . .  hanA140 
particta 
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MICROSCOPICAL EXAMINATION OF RENDER / MORTAR 
Based on ASTM C86$4 

Sandberg SaTp le  Reference G34803 

Client Reference/Site Mark: Sample 2 

Sample Location Details: West elevation High level 

Date o f  Testroadoadirryonder" t522OI0/PS 

Specimen Preparation Details: Four representative silts " O n e  down thaSample w f l  impregnats 

DMI lmwnat ionl  with an epoxy resin and used to prepare a large area thin section, 

Microscope Details: Olympus SZstereoscopicrnicreWope and Olympus BH2 and Lrica 
(frpe msgnifvatkrn usorrj DM4 SOUP high-power petralogicat microscope employing 

Ponation o f  Specimen: Thefoursiicesweta Woodiness the thicknessofthesubmitted 
sample mm section drmensmna mm 43 x 68 

R E N D E R !  MORTAR COMPOSITION A N D  FEATURES 

Fine Aggregate: Predominantly pert#ecenosphores and sparse natural sand, with 

(not paffiote srza gngsng rarnou;c ctape partrcS 600pm nonanal rnaxrmumn arEa comprsrng mamly irregular 
and composit/on) particles S quartz, quertzlte, chert'Wrrt, and sporadic feldspar and 

tourmatint. 

Colour o f  Cement Matnx Pate gray in hand specrrnen and grayThrcwn in mm section 

Cement Type: Portland cement binder. 
(PojUand, lime sic) 

Unhydrated grains: Occasional unhydrated and/or partially hydrated cement grains up to 
S f/ncr size abundance and ogrse othydration) 100pm and commonly less than SOpni in size, 

Mineral Additives: Possible limestone dust in arnati proportions. 

Carbonation and Portlandite: The matrix was genersily uncarbonated but the presence of limestone 
incl, depth and Spree of catonat/un, sire and dust masked the cement pastnt. 
distnoundn of Ca(OH)) 

Compaction and Void Details: Generally good f o r  penile mortar with It few irragularto elongate 
gnot rtikzoporos/i and va/n t t s  sfzaa compaction voids up to Sham across and numerous voids <1 Court 
distribuSiV across, The rnicroporosity of the cement paste was moderately high to 

Cracks and Microcracks: Very i s .  cracks possibly due to sampting 
not, sizes, ahuncance, a/sd/notion arSsh/os 

E::E.EIEE to other features) 

Secondary Deposits: None seen 

Other Information No eurdence of themrcai ahact or tletenoratron was Sntrfled in the 
(7nc( any e*fence of Stedotrd/on, chem/ca/ specimen examinecf 
a t ta *  surface ctlel/nQS, multiple tayetinp crc) 

S 
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MICROSCOPICAL EXAMINATION OF HARDENED RENDER I MORTAR 
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S S b r g  Samplo Rot G3480 CHant Reffsk. Mark: Sampk' 2 
West olevSon high 

General view M perlite I mortar. Cenospheros exhIbIt thin glassy . . I t .  and are occaslonally partialy or loosely 
Infilled with cement. Yellow colour Is duo to yellow mommeamity resin Influing voIds and cenospheres. Red 
arrows point to unhydraled cement grains. M i t c  graIns are quattt whilst the white sphere at A-E/3 Is an empty 
con os p Ii e 
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MICROSCOPICAL EXAMINATION OF HARDENED RENDER! MORTAR 
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P h o t m i c r o g r a p h  Details_ 

,do Roh G 3 4 0 3  Client R e # S i S  
M a : T S m p ~ a t I o n h I g h M i c r o s c o p e  

L i g h t  C r o s s  potar i sod  O b } e c t h t  gnificatbn 

p h o m l c r o Q r a p h  Descriplion 

.5 
Cenea l  view a t  perlfte / mortar Cenosphores exhibit thIn glassyWalls (which are in this ima9e In enlnctlon) 
a n d  tue  occasionally p a r t l y  o r  loosely Intilled with cement. Yellow c o l o u r S  due to yel low Impregnating ruin 
ntfluing voids and cenoapheres. White and blue grains are q u a r t  whi ls t  the darf lbiack sphere f t  is an 

amply cenosphere 

S 
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MICROSCOPICAL EXAMINATION OF RENDER I MORTAR 
Based on ASTM C8604 

Sandberg S a m p e  Reference: G34804 

Client Referenc&S[te Mark: Sample 3 

Sample Location Details: West elevation Nigh level 

Date 2 f T e s U P e t r o r a p h e r j  i5.3,20'IArm 

Specimen Preparation Details: Three representative slice portions from the sample were impregna 
(sfz& imp,qnatfcn) with an epoxy resin and used to prepare a large area thin section. 

Microscope Details; Olympus SZ stereoscopic microscope and Olympus 8112 and Leica 
(type, roe iPdandri w a k  D94500P highpower petrological microscope employing 

hat  gniñcstions_up_to xl000 

Position o f  Specimen: The three slices were taken across the thickness of the submitted 
sample. Thin section dimensions, mm: 45 x 75 

RENDER / MORTAR COMPOSITION AND FEATURES 

Fine Aggregate; 
(inst perilS sire, grading, distribution, shape 
and composftbn) 

Unhydrated grains: 
(inst size abundance and deprae of hydration) 

Carbonation and Porliandite: 
(mo! cicptb and degrae of oa±onation, mound 
disutiono1ca(0h9j 

Compaction and Void Details: 
(mc! rnicn,poroslty and voId types, sizes, 
dislriLution) 

Cracks and Miorocracks: 
into show" abundance, oistsfbution refSonst,ips 
to other features) 

Other information: 
(fits anyevidence of deteriorat!orr, chemisel 
attack, surface coatinga n,uttipfe layering sit) 

Natural sand, with particles up to Timm across, comprising mainly 
irregular particles of quartz, quartzite, chart/flint, and sporadic feldspar 
and glauconite. 

Portland cement binder. 

Frequent unhydrated an 

The matrix was carbonated along the top surface up to Snvn depth. 
The remainder of the cement paste was meiny uncarbonated why thin 
carbonation rims along to boundaries and partIal carbonation in 
pieces next to the brick substrate. The uncarbonated matrix exhibited 
occasional portiaridile as to 3oprn across, 

Generally good to moderate compaction for a render I mortar with 
compaction irregular voids up to 2mm x 3mm the rnicroporoaity of the 
cement paste was generally low, 

Very few cracks possibly due to sampling 

None on 

No evidence of chemical attack or deterioration was identified in the 
specimen examined, the top surface was coated with approximately 
nine layers of paint. 
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S n d S r  S&npe R t  C f l n t  Ruff5ft. MM: 

G n s a  v w  of r nds r  I nottar Y a o w  caku s due to y e o w  endiognafing reskt nfiWng voth.  Bad amnqs 
point to wthydntad cantant g S n .  White a S  pae blue grains n quatft ecept the parfelO at -GFB-1 which is 
a ched/fika partMe 
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Sandborg Sampe Ret j G3a04 I I Sample S 

G o a  vtew & render mortar. Yeow vobur s due toyelicw knprenstng msn  h,fllln9 vokb, Wiite and 
te[wey wains am quartz except he partice at EG/&-7 w t c h  Is a chertflhtt partIcle. Note the thIn carhenatMn 

dms along the voId walls. 
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N 

Based on ASTM C85604 

merged 
Client ReferencelSite Mark: Sample 4 

West S v a  tion High level 

Date s f T e s v P e t r o h e r  15i.2010/PS 

Specimen Preparation Details: Three representative etice portions from the sample were Impregnated 
with an epoxy resin end used to prepare a large area thin section 

Microscope Details: O l ynus  Szstereoscopiorniaoscope and Olympus €1112 and Leica 

aypa, rnegn±aSn used) DM4500P hiptipower pefrokigical microscope employing 
the t 1000 

Position o f  Spacmen  The three slices Vuser, taken across the thickness of die submitted 
sample. Thin section dnnsione,  mm: 45 x 60 

RENDER / MORTAR COMPOSITION A N D  FEATURES 

Fine Aggregate: Naturel sand, with particles up to 7mm across, comprising mainly 
i/nd pertic/e size s o w  sistotwtion strepe Irregular particles of quartz, qrarthte chart/hint and sporadic feldspar 
ariatcompoSon) end gleuconite. 

C a b o t  o f  Cement Matn'x: Grey in hand specimen and greybrown in thin section 

11 Cement Type: Portland cennntbhider. 
Ipintrand 

Unhydraled grains: Frequent unhydrated and/Or psit iay hydrated cement grains up to 
(tact size aaunthwice and degree of hydoppre 0.5mm acrOss and corranonly less than 300pm In size, The coarse 

grewi s,ze of the cement rs indicative of an early Portland cement 

Mineral Additives: None tientitied 

Carbonation and Porfiandite: The me was carbonated along the top surtho. polo Srmn depth. 
find, crapti' and depose of cerani, n/on size end The remainder of the cement paste was mainly uncarbonated with thin 
c&,ibutIan of Ce(OH)) carbonation rIms along void boundaries and partial carbonation in 

places next to the brick substrate, The uncarbonatod matrix exhibited 
remounts ,a fi, so .  I Mae 

Compaction and Void Details: The sample was very small fore reliable assessment. Generally good 
no (tnct, rnicroporosIly and voId types sees, to moderate compaction for a render (mortar with compaction irregular 

distt*u!ion) voids up to 2mm x time The rnicroporosity of the cement pasta was 

Cracks and Microcracks Very few cracks possibly due to sampling 
(/oot sizes abundance, orsflx±on re/ationsh/ps 
to other features) 

Sn 
_ a D e o s t s j _ _  None Seen 

Other Information: No evidence of chemical attack or deterioration was identified in the 
(/oct enyev/dsrioa of deter/orsUon, cnemnicar specimen examined, The top surface was coated with layers of paint, 
attack sugface coatrngs multiple )syvlrng eto) 

:05. 
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Sandberg Sampo Ftal 04906 d e n t  tot/Ste Mark: $ a m S  4 
West &evatbn hKJPt 

GenraI Mew of r o n d r /  mortar. Voow colour 1. due to yeflow hapnothad.9 resin Intffilng votds. Red arrows 
poMt to urUwthMsd cement gSns. Whte and pate tThie g n n s  am quart, except the prntkle at A a 3 4  which lt 
a chorufihd paflkt 
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<24 Photomicrograph Details 

Ret: G34805 Client ReftSlta Mark: Simple 4 
vas t  elevation high 
level 

:2 

Mcroscaps UgN Cron  poarlse' Objadiw Mann cation do 
4<2 

Photonicrograph Oecriptbn 

Geneni view of render! niortar, Yellow colour Is duo to yellow ImpregnaUng m M  lnfllln9 v&ds. White and 
bluelgcey grains are quartz except the particle at A4U34 which is a chert!tlint particle. Note the thin carbonation 
rims along the void walls. A large cement grain Is present at Ft14 

4<2 

S. 


