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V E S T I N G  MATERIALS 

R E P O R T  412601G 

P E T R O G R A P H I C  EXAMINATION 

O F  STONE,  R E N D E R  AND M O R T A R  SAMPLES 

E X  KING'S  CROSS 

Reference: Purchase Order 56346141672 dated 21 October 2009 

1. INTRODUCTION 

Six samples, including stone, render and mortar, were received in our laboratory on 
30 October 2009 and subjected to testing in accordance with your instructions. 

We were asked to carry out a pcl.rographic examination on each of the submitted samples. 

2. SAMPLES RECEIVED 

Sandberg .Ref, Client Ref. Approximate 
Weight Rec'd, g 

034465 Stone, GL 19, Lift 6 111 

634466 1- Stucco/Render, CL 19, Lift 6 95 

034467 2, Stucco/Render, CL 19, Lift 6 358 

034468 3, Stucco/Render, CL, 19, Lift 4 254 

034469 Lime Mortar, Sunni Train Shed 1 88 

034470 Lime Mortar, South Train Shed 2 75 
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3, TEST METHOD AND RESULTS 

3.1 General 

Each sample was first photographed and a reco.rd colour photograph tor each 
sample is given in Appendix A of this report. 

1 2  Petrographic Examination or Stone sample 034465/CL 19, Lift 6 

The sample was subjected to petrographic examination in accordance with the 
methods described in 135 5930:1999, ISR.M2 and 135 EN 124072007'. 

The sample was first subjected to nmcroscopieal and low power stereoscopic 
microscope examination supported by simple physical and chemical tests. 

A representative portion from the sample was used to prepare a large area thin 
section which was examined using an Olympus 13112 and Leica DM4500P high 
power petrological microscopes employing plane poladsed and cross poladsed light 
M magnifications up to xlO, 

The detailed petrographic examination results are given in Table 1 of this report and 
may be summarised as follows. 

Pale beige to buff, fine to mediuni grained, bedded SANDSTONE, well compacted, 
hard and strong (subjective estimates). Bedding structure was defined by generally 
parallel, d.iscontinuous dark brown streaks, The thickness of the bedd.ing as defined 
by the streaks ranged in the mil.Htnetre to cend.metre scale. 

3 3  Petrographic Examination of Render and l i m e  Mortar Samples 

Each render and lime mortar sample was subjected to examination following the 
methods given in ASTM 855M4. Each sample was first subjected to macroscopical 
and low power stereomicroscopical examination supported by simple physical and 
chemical tests. 

A slice specimen, across the thickness of each render sample was diamond sawn, 
and at least SNo, pieces of lime mortar from each mortar sample, were all 
impregnated with fluorescent epoxy resin, and each specimen was used to prepare a 
sawn surface and a large area thin section each of which was examined under a 
stereoscopic zoom microscope and a higlipower petrological microscope 
respectively, employing magnifications up to aided, in incident, plane, cross 
pobarised and ultra violet light. 

The detailed results of the petrographic exanunation are given in Tables 2 to 6 of 
this report and may be summarised as follows. 

8S5930:t999,CodeofpracticeforSitcthvtsdgadon, Chtuse44, DescriptionandcssdlcadonofRucks 
for erndnceri:ig Purposes. 

Rock Gha.racierisation Tesdrg and Monitoring- InternatiorS Society for Rock Mechanics 05KM) 
Suggested meraods. PetrograpMc Descripdou of Rocks p33, 198 Edition, 

ES EN 124071007. Natural Stone Test Methods - Petrographic Rurnh;aUon, 

AS1'M C856-04 'Standard Practice for Perrograpcic EnraSdon of Hardened Concrete' 
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3.3.1 Render samples G34466/1, 034467/2 & 034468/3 

41260/0 

The three render samples were found to be very similar in composition and 
texture containing a natural sand and Portland cement paste. 

The sand comprised mainly quartz!metaquartzite, occasional flint, sporadic 
lImestone, feldspar and glauconite and rare ironstone. 

The cement, paste was found to made using Portland cement probably early 
Portland cement on account of the coarse unhydrared cement grains. 

The render samples were well compacted for render, hard and strong 
(subjective estimate) and no evidence of chemical attack or deterioration 
was identified in the specimens examined. 

3,3,2 Lime Mortar samples G3449/1 & 034470/2 

The two lime mortar samples were found to he very similar in composition 
and texture containing a natural sand and a than matrix. 

The sand comprised mainly quartz, occasional quartzite, chart and sporadic 
feldspar and rare relief shell and glauconite. Occasional coal (coke) pieces 
and rare possible clay clots and wood slivers were also present. 

The mortar samples were well compacted for lime mortar but the lime 
matrix was microporous. 

The samples were found to contain a well bu.nit lime binder, 

4. REMARKS 

These results and comments conclude the testing requested to date. please contact us if we 
can be or any further assistance in this matter. 

Stonewest Limited 
Lamberts Place, 
St James's 'Road, 
Croydon 
CR9 21-IX 

for Sandberg LU' 

For the attention of Mr James Kennett Panos Soilropoulos 
Principal Geologist / Associate 

I December 2009 

Mertata, samptes solos spedmona are remhia.d for a period of 2 montht from the tssue of the fistl repoit, 

'rests reported on theets ore htartng the ttAS mark is dth rcpon4erdtkam are net todeded Is the LIRAS no edndrton cttndde for the 
ta5oratory. 

Ontoos and mt pretesona expressed herdn am eutsdk the mope of UKAS atseret5ton. 
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0262 

PETROGRAPHICAL EXAMINATION OF ROCK Date Of 
[ 2 7 . 1 1  2 0 0 9 i  

I by 

9859301909 ISRM Method and ES EN 12407:2007 2711 2OaOMS 

SAMPLE DETAILS 

Sample Type, Source and Sandstone sample ax King's Cioss. 
.!n!2i!n 10 jOn Octal] 

Dry Sam lea  rox,wa hI, '120 

Methods of Preparation of The sample was first subjected to macroscopicat and low power slereornlcroscopical exsmlnatlori 
Specimens and Examination supported by simple physical and chemical teats, A mpreseritative slice specimen Was diarnondsawn 
Procedures and used to prepare a Thin sechon which was Then examined under a high power petrological 

' 0 ,  lashanim 

Any Other Details: The slice specImen was taken parisiondfadso to the apparent bedding of the sample. 
Thin section dimensIons, rem: 47 (across bedding) x 49 (alonc bedding). 

A 

MATERIAL Pont beige to bolt fine In mendum grains ,  bedded SANDSTONE, well compacted, hard and stmng 

am 'r (wbective estimated). Eedding afructure was defined by generally parallel discontinuous dark brown 
DESCRIPTION kiN streaks The thickness of the bedding as defined by the streaks ranged in the ntthmatte to centimen 

scale. 

its 

MATERIAL COMPOSITION' PETROGRAPHICAL DETAILS' 

COMPONENT Volume The atomic was found to be a grain supported sandstone comprising predominantly 
grains of quartz, frequent chlorite and itilca, occasional feldspar and rare zircon, 

__Sled) 
its Ouanz ranged In size from Sopma to 300pm with most common aim range bew?een 

Quartz 75 100pm to 200pm and therefore fine to medium grains 
Feldspar 
Chlorite 6 Quartz grains wera angular to suhangular, irregular to elongate with medium to low 

1 0  a p h y a x h i b i t i n g  sutured boundaries, 
Vo'uts 1 
Zircon <CI Feldspar moluded plagiodasa and mictocline both of which occastonatly exhibited a 

murky appearance due to incipient alteration. 
TOTAL: 100 

Chlorite was present as intngrariular nlateiials occasionally stained brown possIbly 
due to oxutahon Chlorite was also associated wad mica 

Mica, mainly brown biotita) and sporadically white (muscovite) grains were also 
present as interqrsnu]ar materiaL frequently associated with chlorite and contained 

S i  Iron oxide, Mice was occasionally aligned along grain boundaries forming streaks 
whIch were siren In hand specimen to run parallel 10 subparallel to e'ich other 

ny 
The stone was generally well compacted with sporadic Intergranular voids up to 
100pm across and commonly less than 100pm in size, The intnrgranular chlorite 
however was microporous and Abs, contributed to the overall microporosity or the 
stone. 

PS 
UI Undulatory ExtInction, ND Not Determined, NA Not Applicable. NO Not Supplled. 

Details mainly relate to components or teabires of possible engineering significance, 
Pt 
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PETROGRAPHICAL EXAMINATION OF STONE PHOTOMICROGRAPH 

Geneml a w  of stone strhduia,  AMgned bcown (SoUkeJ and white ( r n v f t e )  mica fonning A ShOnk. RS 
arrows o n t  to f t h j a r  grans. At C-011 S cWorlto infiRld, ap nSrgranfflar spat 
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PETROGRAPHICAL EXAMINATION OF STONE - PHOTOMICROGRAPH 
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Photomfcro ra h Details 

sandbe Sam 1. r4e: GENES Cen t  Retlsfts Mark: CL ifi, Lift 

Mcrosco Li h t  Cmsz aHsS 0 va Ma nitkation: <1t 

*4 

tenoraI v w  of stone strtEWr, AM9nS brown (blotfte) and w h b  (muscovite) mIca b r n n g  streak. 



SANDBERG LThII1 
CONSULTING, INSPECTING 
AND TESTING ENGINEERS 

Table 

MICROSCOPICAL EXAMINATION OF RENDER 2 
Based on ASTIR C856404 

034466 

Client Reference/Site Mark: Sample 2 CLIP, Lift 6 Stucco Render 

K i n f l  Cross 

Date o f  271 1 2009PS 

Specimen Preparation Details: A representalve potion from the aa.rnple was impregnated with an 
epoxy resin and used to prepare a large area thin section. 

Microscope Details: Olympus 67 stereoscopic microscope and Olympus BH2 and Leicta 
(type, ma gn±cation used) DM4500P highpower petrological microscopes employing 

Position o f  Specimen: Thin section was taken across The thickness Of the submitted sample 

RENDER COMPOSITION A N D  FEATURES 

Fine Aggregate: Natural sand comprising irregular particles, up to Earn and commonly 
(ido/, garbo/a size, grading., o/sidbu/Ion, wines less than 600pm across down to iSpm, of mainly quartzfmetaguartrite, 
and comnosd/on) occasional flint, sporadic limestone, feldspar and glauconite and rare 

ironstone. 

Colour of Cement Matrix: Pale grey to grey in hand specimen and grey/brown in thin section.. 

Cement Type: Portland cement (early Portland cement 

Unhydrated grains: Frequent unhydrated and/or partially hydrated cement grains up to 
rind, varramodemsearldnewunfilmselhuh 1mm across and commonly less than 300pm in size, 

Mineral Additives: None identified 

Carbonation and Portlandite: The mnstdx appeared carbonated throughout althouh some areas 
(idol dept  and degree 0/carbons//on, size and appeared partially or rnodenttely carbonated, The unhydrated cement 

b/but/on of Ca(OH)) grains however were predominantly uncarbonated, 

Compaction and Void Details: Generally good for a render with occasional voids up to grrwnacross, 
(idoL m/cmoporosit and vo/d types. sires, The microporosity was generally low similar to reference specimens 

made using water cement ratio 0.3 and 0.4. 

Cracks and Microcracks: A few cracks possibly due to sampling 
(idO/ a/res. eburrthnca, d/sir/bubon retalionshos 
/ 0  0/beT features) 

, ! 2 2 f l d a D e 0 9 i t 5 t . . .  Calcite lining some voids 

Other Information: No evidence of chemical attack or deterioration was identified in the 
(toot, any ev/dence ofdeteriorauon, CM em/cal specimen examined. The render sample was hard and strong 
n/lack, surface coatings, multip/e /ayer/ng on (subjective estimate), up to 30mm in thickness. 
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MICROSCOPICAL EXAMINATION OF RENDER 
Based on ASTM C85604 

Sm 

her Sam Ic Refsrencej 
___ 

Client ReferencelSte Mark: domain 2GLi9Ltft6SWcCoRendrff 

KJrgs Cross 

2311,2009{PS 

Specimen Preparation Details A representative portion rrom the sample was impregnated with an 
epoxy resin and used to prepare a large area thin section, 

Microscope Details: Olympus SZ stereoscopic microscope and Olympus 8H2 and Leica 

(type miqmPtatioa used; 0M4$ODP high$,ower Petrological microscopes enipicy ng 
jtfgnsutoxlDO9__ 

Position o f  Specimen: Thin section was taken across The thickness of the submitted sample 

61, RENDER COMPOSITION A N D  FEATURES 

rex Fine Aggregate: Natural sand comprlelng irregular particles, up to ?rrvli and commonly 

'nci oxides one gradrrig rksfnbutjon skape less than 600pm across down to 75pm at mainly quartz/metaquartzite 

and composritonj occasional flint, sporadic limestone, feldspar and glauconite and rare 
ironstone, 

Colour o f  Cement Matrix: Pale Any to grey in hand specimen and greybrown in thin section, 

Cement Type: Portland cement (early Portland cement 

Unhydrated grains Frequent unhydrated and/or partially hydrated cement grains up to 
(tria/ s/zr abundance arid degree of hydrat/on) 0,Smnrii across and corarrionly less than 300pm in size, 

Mineral Additives: None identified 

Carbonation and Portlandite: The matdx appeared carbonated throughout although some areas 
(riaL depth and degree orcerbonoder,, s/se end appeared partially or moderately carbonated, The unhydrated cement 

rite dish/but/on ofCa(CHA) grains however were predominantly uncarboriated, 

Compaction and Void Details: Generally good fore render with occasional voids up to 2mmacross, 
(md nrfcrppoms/iy end voId types, s/zes. The microporosity was generally low similar to reference specimens 
dnrnbuhon, made using water cement ratio 0 3 and 0 4 

ell 
Cracks and Microcracks: A few cracks possibly due to sampling 

lid (/rrct coca, abundance, d/str/but/on ra/ar/onaNlirs 
to a/tier features) 

lit; 

Caiche lining some voids 

Other Information No evidence of chermoal attact or deterioration was identified in the 
(aid. any err/dance otdetor/oratkln, chemical spec4men examined, The render sample was hard and strong 
attack, surface Longs,  mu/hp/c mayer/np &c..l (subjective estimate), up to 2.Srrn' in thickness, The top surface of the 

sample exhibited a mult/layer pant coat up to I ,4rren in thick4iesd,. 

ci.ut 

lit 
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M I C R O S C O P I C A L  E X A M I N A T I O N  O F  RENDER 

B a s e d  o n  A S T M  C504 
DE] 

j j p e r S a m e R e f e r e n c e _  G3446B 

Client  Reference/Site Mark: Sample 3 G i l  P, [itt 4 Stucco Render 

Kngs Cross 

j ~ ! ! ! s f T e s U P e t 2 ! e h f i _  27112009/PS 

S p e c i m e n  P r e p a r a t i o n  Details: A representative portion from the sample was impregnated wtth an 
epoxy resin and used to prepare a large area thin section. 

Microscope  Details: Olympus $2 stereoscopic microscope and Olympus SHE and [cite 
awe, magn/iicebon used) 0M4500P high-power petrotogical microscopes employing 

Position o f  Specãmen :  Thin section was taken across the manhood of the submitted sample 

R E N D E R  C O M P O S I T I O N  AND FEATURES 

Fine  Aggrega te :  Natural sand corflpnsing irregular particles, up to 9mm and commonly 
f/coT particle sde, gnid/ng distribution, shape less than 600pm across down to 75pm, of mainly qusrwmetaquartzite, 
anrcornposition) occasional flint, sporadic limestone, feldspar and glauconite end rare 

ronstone, 

Co lour  of C e m e n t  Matrix: Pale any  to grey in hand specimen and greyrbrown in thin section, 

C e m e n t  Type:  Portland cement (early Portland cement, 

Unhydrated grains:  Frequent unhydrated and/or p ia tFy  hydrated cement grains up to 
(ncT any abundance arid degree o[ hydra/i on) 0..5mm across and commonly less than 200pm in size, 

Mineral Additives: None identified 

Ca rbona t ion  a n d  Portlandite:  The matrix appeared carbonated throughout although some areas 
prior depth and degree of athonetion, sire and appeared partially or moderately carbonated, The unhydrated cement 
a e d o n  catcrppJ grains however were predominantly uncarbonated, 

Compaction and Void Details: Generally good for a render with occasional voids up to 2nimacross, 
f/noT rn/croperosityand void types, s/zes, The rnicroporosity was generally low similar to reference specimens 
distribution) made using water cement redo 0.3 and 0.4, 

C r a c k s  and Microcracks:  A few tracks possibly due to sampling 
/ i o .  sizes abundance d/stribut/on ,alef/cnsh(os 
to other feature sJ 

Calcite lining some voids 

O t h e r  Information: No evidence of chemical attack or deterioration was identified in the 
f/not, any evidence o[deterioretion, ctniioai specimen examined, The render sample was herd and strong 
ar/sep, sumrce coarnpa muilyi/e iayer/ng era.) (sub)ective estimate), up to 40nvn in thickness. 
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MICROSCOPICAL EXAMINATION OF HARDENED MORTAR 
Based on ASTM C856 04 

G34459 

Client Reterenc&Ste Mark: thne mortar sample 

Kings Cross, South Train Shed 

D a t e a f T e s U P a t r r a h e r  27 11 

Specimen Preparation Details: Pieces from the mortar sample received were impregnated with an 
epoxy resin and used to prepare One large area thin sacton. 

Microscope oetans: Olympus S i  stereoscopic microscope and Olympus 8H2 and Lake 

(type, mogrticaiiori used) DM4500P h ighowet  petrological rniccOscOpes employing 

Position of Specimen: •Thin section was taken through at least S i t  pieces of the mortem 
sample, Thin section dImensions, mm: 65 x 45. 

MORTAR COMPOSITION AND FEATURES 
Fine Aggregate: Natural sand comprisimp mainly quartz occasional quartzite, chart and 

pea particle dos practog, tdbu&rrr shape and composlebn) sporadic *aldspar and rare reilot shell and glauconite, submounded to 
irregular particles up to 5mm across and commonly less than 600pm 
down to l5pmn across. Occasional coal (coke) pieces were presentpiano 

mosuffir. May perho and shard covers dem also seen 

Colour o f  Cement Matrix: Pale creantrey In hand spedmnen and thin section, 

Cement Type: Lime 

Unhydrated grains: Sporadic unbumnt and partially burnt limestone pieces up to 500pm 

(intL siZQ abundance and degree ci hydration) COtOSS. 

Mineral Additives: None seen 

Carbonation and Portlandite: The mortar sample was mainly carbonated throughout 
(IntL depth and degree of carbonation, size end 
disthtMJLrofl 01 

Compaction and Void Details: The s1srnpts pieces appeared to be well compacted for mortar, The lime 
(mci microporosty end void types, most, matrix was microporous. 
dotior.) 

Cracks and Microc(acks: Occasional cracks in places indicative of drying shrinkage, 
(Intl shea abundance, distribution r&atiortshis 
J. amer, Lealures) 

s e c o l d a D e o s i t s j _  None seen 

Other Information: The samples was found to contain a welt burnt time binder. 
(IntL any evklenre of dete,toratian, themnida/ 
attack surface coatings, mu/hp/a tsyehng etc.) 

t A &  FORM No, REN/110893 
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MICROSCOPICAL EXAMINATION OF HARDENED MORTAR 
Based on ASTM C858 -04 

EEl 
S c u d b r S a m l e R e r e n c e _  G34470 

Client ReferencstSite Mark: Urns mortar semp 2 

i ! J 2 2 R ! ! L O E t i O n D e t ! ! ! s i _ _  King's Cross, South Train Shed 2 

JDate Q f T s ! e t r o r a h e r i .  2711.20091PS 

Specimen Preparation Details: Pieces from the mortar sample received were impregnated with an 
a P E P r n a O h L  epoxy resin and used to prepare one large area thin sectionS 

Microscope Details: Olympus SZ stereoscopic rnictoscOpe and Ctlympue 1*42 and Leica 
(typo, ins gnificalion used; DM4500P high-power petrotogical microscopes employing 

magn'thearws an to along 

Position of Specimen: Thin section was taken through at least ties pieres of the mactar 
sample, Thin sectin dimensions, mm: 65 x 45. 

MORTAR COMPOSITION AND FEATURES 

Fine Aggregate: Natural sand comprising mainly quartz, occasional quertzite, chart and 
(mat, particle sctQ grading, distribution, shape and composition) sporadic feldspar and rare m c t  shell and glauconite, eubrounded to 

irregular particles up to Sian, across and commonly less than 600m p 
dovni to lSpm across, Occasional coal (cokey pieces ware present 

_ 
were also seen 

Colour of Cement Matrix: Pale creandgrey in hand specimen and thin section. 

Cement Type: Lime 
rPortraa cno oft) 

Urthydrated grains: Sporadic unbumnt and partially burnt limestone pieces up to 600pm 
find six abundance and degree of hydration) across, 

Mineral Additives: None seen 

Carbonation and Portlendite: The mortar san'ple was mainly cathonated throughout. 
ancL depth and degree of carbonation. S w  and 
disfttbution of 08(0th) 

Compaction and Void Details: The sample pieces appeared to be Well compacted for mortar, The lime 
(Thd microporoshy end ,it t s ,  sured matrix was microporous, 
distribution) 

Cracks and Microcracks: Occasional cracks in places indicative of drying shrinkage, 
(macf sizes, abundance, dMr/buUon relation sh,a 
to other features) 

Sta j 9 d a r D e o s i t s _  None seen 

Other Information: The sinnpte was found to contain a well burnt time binder. 
(in"j. any evidence of deterioration, chemica/ 
attack, scisou coattogs, multiple layering etc.) 

I f S .  FORM No. REM'110R93 
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