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

OF 

VARIOUS MATERIALS 

WESTERN RANGE,  CENTRAL BLOCK 
L E V E L S  CORNICE 

K I N G ' S  CROSS 

Reference instructions from Mr C. Earl of Stonewest Ltd, 

INTRODUCTION 

Nye were requested to undertake a petrographic examination on various materials in accordance 
with your instruedons. 

The purpose of the analysis in the ease of natural stone, was to identify the stone and provide 
an assessment of a potential matching source. 

2. SAMPLES RECEIVED 

The sample was received from Smonewest Ltd at Sandberg laboratories on 20 January 2010,. 
as follows, 

3. 

Sandberg Site Mark & Advised Location Sample details 
Reference Details 

%Vesten, range, Central mock, 
level S cornice 

034759 #1 I no. lump 

034760 #2 1 no, lump 

034761 #5 I no. lump 

Each sample was subjected to petrographic examination in accordance with the methods 
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N described in 855930:19991,ISRM, ES EN 12407:200T and AS I'M C856-04 as appropriate 
to the material. 

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

A representative portion from each sample was used to prepare it large area thin section which 
was examined using an Olyni pus B112 and Leic•a DM4500P high power petrolog.ical 
microscopes employing plane polarised and cross Polarised light atmagnificadonstip to at 000. 

The detailed petrographic examination results are given in Tables 1, 2 and 3 of this report. 

Sample #1 
Buff to beige, fine to medium grained SANDSTONE/GRITSTONE. The stone exhibited faint 
beddi.ng planes (lines) running parallel to two parallel surfaces of the lump sample. The stone 
was moderately hard to moderately soft (subjective scratch test). 

The sample could be matched to Moorside•, Ladycross, Shipley, p lead  Edge Fiagrock and 
Yorkstone Watson quarry. 

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

Potential Source Material Degree of 
Confidrnic 

in Match 

G34759 Moorside [Grid reference: Si 951 7981 Possible 
or 
Ladycross [Grid reference: NY 945 555] Possible 
or 
Shipley [Grid reference: NY 015 2091 Possible 
or 
Eliand Edge Flagrock [Grid reference: SE 122 2361 Possible 
or 
Yorkstone Watson Quarry [Grid reference: SE 125 2351 Possible 

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

We would strongly recommend that the suggested source quarries are visited by an experienced 
geologist and samples 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 #2 
Roman cement MORTAR 

No evidence of chemical attack or deterioration was identified in the specimen examined, 

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, 

ITS EN 12407:2007. Natural Stone Test Methods Petrographic Examination. 
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Sample #3 
Air entrained RESIN REPAIR MORTAR. 

The sample exhibited two layers with a good bond. The top layer was tip to 15mm and the 
lower layer up to 30mm in thickness. The top layer comprised mainly resin and sparse very 
fine crushed quartz and sand graIns, whilst the lower layer contained mainly quartz sand and 
sparse quartz crushed fines. Both layers of the mortar were hard to very hard (subjective 
scratch test). The lower layer exhibited copper rod and a chicken wire type reinforcement 

4, REMARKS 

The stone matching was based upon the sample submitted- Stone sources may be expected 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 exploital.ion. 

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

These results and comments conclude the testing requested to date. Please do not hesitate to 
eon act us if we can be of further assistance, 

Stonewest .Ltd 
Lamberts Place 
St. Jame&s Road 
Croydon 
Surrey 
CR9 2HX 

For the attention of Mr C. Earl 

DJE/Geoman/vb 

For Sandberg LLP 

D 3 Ellis 
Partner 

24 February 2010 

snnpke end cet erc:imna are mainad in, pwicd or monrhs 0mm ttie issuc or l! tna rexWt, 
't'esn orported on chaos not hearing the 15KM logo in thi.c rt ori/tracate arc not i i e d  in the 1,1KM accreditatIon schedule kr iSle 

hortilory. 
Uinir,ns and interprelanoas cxp ascot hcntin are outside the scope of 11KM accreditation. 
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PETROGRAPHICAL EXAMINATION OF ROCK 
3S $ U U 1 S f l  t$RM INt*tS and ES EN 12407:2O? 

II MATERIAL I Ouft to haigs to mor*nn g r a n d  SACSTOMUr3RITSTONE The alone estubited feInt beddlimØ 
DESCRIPTON: b i n s  (tInes) running parallel to two p a r e S  surfaces of the 4mg sample, The stone wan mcderate 

herd to moderately so,, (subjeottue w a t c h  test), 

COMPONENT 

TOTAL 

75 
7 
IS 
S 

Cl 

100 

m a  gone was tound to be a pndn supported sar4 stone cc prtstog pdotntnentty 
to a to grams of tUadz. oocastonnl chtodtc end M4spar 

sporadtc n0oa and r e m :  con. 

The destic components were quartz end f&dspar rengtn to abe  frani 6Own to 
300pm wtth the toast common e n  mope between 100ni  to 200pm and thesome 
SM to medtumn prewbe. The d e g e  jLo. quartz end fSdspar) ware engutar to sub 
angutar and occesronetty atonpate, whO medtum to tow sphertdty and were the metn 
etructurat cOMt41antS cUbe star. 

Ouartz appeared occestonatty stnrtnart whO ernocys boundertes, angrier to 
auhenprdar, praguter to etongate wIth medIum to tow sphertdty Fatdspar Included 
pleptodese and possIbly rrccrcrdgoe, both of whtch ethrbrtod alteratIon to chtorrte end 
mr4. 

Intorpranuter chlorIte *35 mtcropomue and freguentty eutt i ted staIning by honor 
roenganeire oxute. Otnortte was atso associated wIth altered tetdapar. the butt to 
beige colour of the stone was due to the stained chtorlte, 

lntergrrmuler a d a  was sooredtcetty present as mnusco4te (whIte) cr4 occasional 
bouts brown) S o c  end was eccasionePy seen to be aligned bong beddrrrg unes.. 

Iron and/or rnsn3artssa hede  granules were mrdriy associated with chlorite end 
truce both o*wtsch exhIbited browasotenpe staInIng. 

The stone was moderately to welt compacted whO occasional irnios op to 200pnl 
across and commonly less than 100pm In sIze tutlibo or partleuy 4 M S  with ctoorhe. 
The presence of necroporous chlorite end altered feldspar howreusr may oxorthute 
lame oueratt porosity of the stone, 

1)0 unduleocr tirincilon, NO Not DetermIned, NA Not ApplIcable, Nil Nor Sop1mflob, 
0 4 c m  maInly relate to rmomponens or terrtoras or possIble en r<eeriflo Sbnrmurtnce. 
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PETROGRAPHICAL EXAMINATION OF STONE PHOTOMICROGRAPH 
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SandborgS mplo Rarf, G34769 Clear R !$lto Mar 
tons boddond 

Microso U An Cre s .  oladsad On cdve Ma ni t  n: dO 

General vIrni of stone structure. White, buo tgny  and yellow grMns a te  qnath .  ntargrantAr mater ia ls  manIy 
chiorlia which mh,roporous. Grown to dark brown ntersdtIat matada s Iron or manganese oxIde staned 
thoflte 
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MICROSCOPICAL EXAMINATION OF HARDENED MORTAR 
Based on ASTM C8 M 

Client Reference/Site Mark: Lump 

Sample Locartan Details: W t e r n  Ranoc - Centnt Stock, Level & Corne 

JDate ! t T e s U P e t t 2 2 h e r i .  f l  2010!PS 

Specimen Preparation Details: The mailer eamplo recivad yas inipreonated with an epoxy mm end ueed to 
prePare C terfl area thin eaceon 

Microscope Details: Olynipusi SZ arooaoopmo mntomoecopa and Otmpua 5H2 and Lens DM450691 
highthower petratogicat m oscapea employing rnagnifmcattons up to xl 000 

Position of Specimen: The ehce wee taken through the pieces of mortar campS, Thin section din naiona: 
i 60mm 3mnm 

MORTAR COMPOSITION AND FEATURES 
Fine Aggregate: Natural pertmallv coined natrirat sand ocimprtsmng mamnt quartz, occaaional 
(Oid, p a r S e  S e  gradmna d i s r & i & n ,  shape ncncrnposioosu quartaite arid cntirt and aporadS atadI pmecee and laucoaite 

Colour of Cement Masi: Dark g r . t n w n  in hand speatmen and orange In thin aac6en 

Cement Type: Probably Roman cement. 

iinhydrated grains: Frequent partIally burnt cementgraina up to 1mm 
(stict. s tat  abundance and degree of lydretion 

MinerS Additives: None seen 

Carbonation and Portlandite: The rnmartar sample was carbonated throughout. 
d111111.111 d C d K  of arboaf lor ,  size uric 

Compaction and Void Details: the eanmple appeared to be generally welt campacted for a mortar with occasIonal 
(Incfmicrnporosity and void types, sizes, l a n w d r  add veaiteoue compaction voids up to toed,amoss and 

Cracks and Miorocracks: Ocoacional dna cracks (COpm In widthl probabty due to sampling operation. 
ancL sires, abundance, distribot[on relation ships 
ro other rest ,p) 

None seen 

Other lnfrrrrnation: No cadence of chemical aback or deterioration was klentidad S the specimen 
(lod. a n v s  snag o f  cret&orattion, chemical j5ianaited. 
aback surface coatIngs, nwdipie feye'log elc) 
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MICROSCOPICAL EXAMINATION OF HARDENED MORTAR 
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odhe Sam l .  R0, l u M R  tfS Ma p 
Roman Cement Morta 

Mcroscc a LI ht: Plane arised Ot, aotvo Ma nrncation: ¶0 

S ._Photml amph 

Ganeral vIew o the matrtx cW Roman ceme mertat WhIte ratna am qrnutt The ye otwktanile matrfr ks 
hydrated aate, whilst the orange partIcles are parifaily burnttnanttttflkergratns. 
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MICROSCOPICAL EXAMINATION OF HARDENED MORTAR 
Based onASTMC856t4 

Guam 

C h e n t  R e f e r e n c e l & t e  Mark 

S a m p l e  L o c a t i o n  D e t a i l w  * s e r n  Rana Cant'a rliack Laao a, a 

D a t e  o f  TerolPedoaracher: 

S p e c i m e n  s p a  a P r  r t i o n  D e t a i l s  The fnodM UmØC m c e s d  wan Mp niadwan an f l a y  t n  and used ta 
w •  area mm net&$e 

1 e1pus S W o s a o p k  mmroacape and mpua BH2 and Leda OM4tOOP CrOscOpe r t admndaac an emsa magndmaboaa up ta 

Pos i t i on  o f  S p e c i m e n :  taken Thronob the pecee at mode' antapS t h n  aacton dfrnan&ana; 
•mm73cm 

MORTAR COMPOSITION AND FEATURES 
F i n e  A r a t e '  NCtunO sand Catpddng taidtay dr€Qdar to SUbrOUSS wadis up to 

(Pat gradng datntnmop shape and coe,4,oadtortJ assess Vak to,e crashed quartaCodur idea were she present 

of C e m e n t i x  Pate Prek tap tser and tarry pale 1ray tower teyer di trend e:pedrne±n The top taper 8 

C e m e n t  T y p s  ha n S n S  rend 
elvi 

U n h y d r a t e d  rains: 
S r e  abundance and Sg ree  Whydrahan) 

• M i n e r a l  A d d i t i v e s :  bath t a e s  d i t b S  td anry 

:0 C a r b o n a t i o n  a n d  Po r t i and i t e  Not ap Sobs 
(Sat SpUr a r 4  S p r e e  otcasortabon, sIre arid 

0>1 dabS  r t i  od 

C o m p a c t i o n  a n d  V o i d  Details: 

C r a c k s  a n d  Mk,rocracks: 
raid acree, abtr,danco a milan' eetaw%hips 
to ottrer'ieaturest 

Noire seen, 

tO t o '  The sarnpbi eahaitted tan tayenir w ,  t r i t e  
v t o f t c e  

o o f l n r n  randhpre tayenrip aID) contained rnatttp p u n  sand and a rseqrasrtr coated tines, tiath tiprers Or the 
martsrwene tract In very hard (stib)eattr,a eraratto rash, rho tower tayerarartartird 

° 
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Western Range Buding Stone Pmposa 

P d n c p a  Conf l c to r :  TayorWoodrow 

3, a 7 Sandberg Consulting Engineers Report no. 413781G13 

West Elevation Link Building Sills 
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