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The Performance of Irish Aggregates in the  

‘Ultra-accelerated Test’ for Alkali-Aggregate Reactivity  

with particular reference to Chert Content 
 

 

 
by C. McNally and M. Richardson 

 

 

 

Synopsis:  Irish aggregates have a satisfactory history of service regarding 

alkali-aggregate reaction despite containing significant amounts of chert and use 

for a period in conjunction with cements of high alkali level.  An investigation was 

conducted of the performance in the draft RILEM ‘ultra-accelerated mortar-bar 

test’ of 23 individual aggregates and 14 combinations found in Irish practice.  An 

X-ray diffraction study was also carried out.  

 

Definitive expansion limits have yet to be finalised but a value of 0.15% 

after 14 days immersion has been suggested as the innocuous/deleterious threshold 

and 0.25% expansion is suggested as the lower limit for reactive aggregates.  

Despite their satisfactory history of use, almost half of the aggregates tested 

individually and one third of the combinations exceeded the innocuous/deleterious 

threshold value. However, the lower limit for reactive aggregates was reached by 

only four individual aggregates and by one of the combinations.  The X-ray 

diffraction study revealed the presence of well-crystallised quartz, confirming the 

likelihood that the aggregates would not be reactive.  The highest expansions were 

recorded in samples from argillaceous limestones and those containing small 

amounts of greywacke and chalcedonic chert.  As expected, there was no 

correlation between chert content and degree of expansion. 

 

It is concluded that most Irish cherts are unreactive; that the draft 

mortar-bar test returns pessimistic results and is therefore a suitable screening test 

but could not be used universally for definitive assessment unless national 

expansion limits could be agreed in the place of use; and that X-ray diffractometry 

may be used in conjunction with the rapid screening test to assist early judgement 

on likely reactivity. 
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INTRODUCTION 
 

No cases of damaging alkali-silica reactivity have been identified to date in 

the Republic of Ireland.  This is despite the fact that glacial gravels covering much 

of the country contain significant quantities of chert, derived from the extensive 

limestone bedrock.  Cherts and flints have been identified internationally as a 

source of concern in the context of alkali-silica reaction.  In addition high alkali 

contents in Irish cements were prevalent for a period.  Guidelines for minimising 

the occurrence of alkali-silica reaction in concrete in Ireland were published by the 

Irish Concrete Society/Institution of Engineers of Ireland (1) in 1991.  The 

guidelines recommend testing of aggregates where new sources are being 

exploited and where high cement contents are being used with existing sources.  

However no internationally-recognised test method has been validated for use with 

Irish aggregates to date.  Several test methods are available, some of which are 

currently in draft form.  However none of the test methods have yet been 

unequivocally accepted for use throughout the world.   Furthermore there is a need 

for short-term tests since expansion tests using mortar bars or concrete prisms, 

such as ASTM C227 Mortar Bar Method (2) or  BS DD218 (3), may extend over 

prolonged periods.  A RILEM committee is currently developing an 

“ultra-accelerated test”, based on mortar bars, which may provide a rapid 

indication of likely performance in concrete prism tests. 

 

The satisfactory performance of Irish aggregates has been studied from a 

geological viewpoint by Strogen (4).  He noted that the crystal structure of 

non-reactive Irish cherts was different to that of reactive English flints.  The 

characteristics of the two sets were expressed through the Quartz Crystallinity 

Index (QCI) determined by the method of Murata and Norman (5).  Clear 

differences in crystal structure were apparent.  In addition, Strogen found that 

small amounts of opal-CT remained in some of the flints but were absent in all of 

the Irish cherts.  He postulated that the difference between the materials could be 

accounted for by the differing thermal histories of the Irish Carboniferous cherts 

and the English Cretaceous flints. 



The objective of the experimental study reported in this paper was to 

further investigate Strogen’s findings and to contribute to the international study of 

appropriate expansion threshold values applicable to the RILEM draft mortar-bar 

test.  Twenty three aggregates were selected for the study and were categorised as 

having ‘no chert’, ‘low chert content’ and ‘high chert content’.  The crystal 

structure of the chert was characterised by Quartz Crystallinity Index (QCI) 

through X-ray diffractometry.  Fourteen combinations of the aggregates, typical of 

those used in Irish concrete practice, were also tested.  It was anticipated that all of 

the expansion tests would reveal low levels of expansion because the aggregates 

have a satisfactory history of use.  The relationship between expansion and QCI 

was also of interest.  High values of QCI, on a scale of 0 to 10, indicate well 

ordered crystals and, by inference, low reactivity.  

 

 

 

RILEM 'ULTRA-ACCELERATED MORTAR BAR TEST’ 
 

The International Union of Testing and Research Laboratories for Materials 

and Structures (RILEM) is developing draft test methods for the assessment of 

reactivity of aggregates in alkali-silica reaction.  Nixon and Sims (6) have reported 

progress by RILEM Committee TC-106 on the development of mortar-bar and 

concrete-prism tests which could be used in tandem as screening and for definitive 

assessment respectively.  The “ultra-accelerated mortar bar test” involves the use, 

where necessary, of artificially graded aggregates and immersion of mortar bars at 

80oC in alkali solutions for 14 days.  The concrete prism test requires the storage of 

prisms in high humidity conditions at 38oC for long periods.  Limits on the 

permissible expansion of non-reactive aggregates are being considered on the basis 

of international experience with the test. 

 

The  RILEM “ultra-accelerated” mortar-bar test is a modification of the 

South African NBRI test, also known as the “Oberholster” test, developed by 

Oberholster and Davies in the National Building Research Institute, South Africa.  

The test originated through research by Van Aardt and Visser (7) who prepared 

mortar bars in accordance with ASTM C 227 procedure but then immersed them in 

1N NaOH at 80oC rather than storing them in air over water at 38oC.  The total 

period required for the test is approximately three weeks, including aggregate 

preparation and a 15-day period from casting to final expansion reading.   

 

The test is similar to ASTM C 1260 (8).  The suggested limits for expansion 

in the ASTM test are: <0.10% innocuous, 0.10%-0.20% indeterminate, >0.20% 

reactive.  Limits on the expansion of potentially reactive aggregates have yet to be 

established for the RILEM mortar bar test but values above those applicable to the 

ASTM test have been tabled for discussion by Berra (9) in a commentary on the 8
th

 

draft.   It is stated that the maximum expansion limit at 14 days for innocuous 

aggregates appears to lie in the range between 0.08% and 0.20% with the 

innocuous/deleterious threshold at about 0.15%.  The lower expansion limit for 



potentially reactive aggregate appears to be in the range of 0.20% and 0.25% with 

the latter being most generally accepted.  It is not yet established if these limits can 

be applied universally. 

 

 

QUARTZ CRYSTALLINITY INDEX 
 

The empirical technique of Murata and Norman (5) has been found to 

differentiate between well, but not perfectly, crystallised quartzes.  The method 

involves determination of an index through X-ray diffractometry.  The index is 

calculated from the ratio of the relative height of the 212 peak over the high- angle 

and low-angle background.  An example of a trace is presented in Figure 1.   The 

calculated QCI for pure quartz is 9.3.  All QCI values are factored by 1.07 to bring 

the index to 10 for pure quartz.   Thus high values of QCI indicate more perfectly 

crystallised quartz that would be expected to yield low expansions in mortar-bar 

and concrete-prism tests. 

 

 

MATERIALS 
 

Cement 
 

The draft test method requires the use of a normal portland with the 

following characteristics: minimum alkali content of 1.0%; autoclave expansion 

less than 0.20%, specific surface area of cement greater than 450 m
2
/kg.  Current 

production of cement in Ireland would not meet the high-alkali level requirement.  

A reference cement was therefore obtained from Norway.  The result of a chemical 

and physical analysis of the cement is presented in Table 1. 

 

Aggregates 
 

The  primary focus of the study was the investigation of the behaviour of 

Irish carboniferous cherts.  Aggregates of varying chert content were selected 

including those free of chert.  Combinations in use in current Irish concrete 

practice were of interest.  Therefore, if a particular aggregate was selected, the 

compatible coarse or fine aggregate corresponding to its current industrial use was 

also included for both individual and combination test, regardless of chert content.  

A spread of aggregate sources across the geological map of Ireland was achieved.  

The absence of a known reactive aggregate in Ireland prompted the introduction of 

a sample of glass to the programme to indicate the expansion level at high silica 

content.  The glass consisted of 80 % silica.  A total of 23 aggregates were tested 

and 14 combinations. 

 

The aggregates were classified under three categories – ‘free of chert’, ‘low 

in chert’ (< 3 %) and ‘high in chert’ (> 3 %).  The first category consists of six 

sources, four coarse and two fine aggregates.  The ‘low in chert’ category consists 



of eight sources, six of which are coarse aggregate.  The third category consists of 

nine sources, made up of six fine and three coarse aggregates. 

 

Cherts originate in several ways and two were considered relevant to this 

study.  The first was replacement by opaline silica or opal-CT of pre-existing 

limestones and subsequent change, in stages, to inert quartz.  The second was 

alteration and devitrification of volcanic glasses in ashes and acid lavas.  Strogen 

(4) detected the absence of tridymite and cristobalite in Irish cherts through X-ray 

diffraction studies.  Thus the absence opal-CT was anticipated in the samples used.  

The geological descriptions and chert contents of the aggregates are presented in 

Table 2 and Table 3. 

 

 

MIXTURE PROPORTIONS AND CASTING OF SPECIMENS 
 

The ratio of aggregate to cement was 2.25 : 1 by mass and the water-cement 

ratio was 0.47 assuming saturated surface-dry aggregates.  A plasticising 

admixture, incorporating an air-entraining agent, was used to achieve the required 

workability.  (Note: Later drafts of the test method recommend use of a 

superplasticiser but not one combined with an air-entraining admixture). 

 

The coarse aggregates were crushed to a maximum particle size of 4 mm and 

sieved to achieve a prescribed grading (Table 4).  The separate size fractions were 

washed and dried at 100°C.  The fine aggregate was passed through a 4 mm sieve; 

washed, and dried at 100°C.  The proportion of coarse aggregate to total aggregate 

used in combination tests was 60%. 

 

The RILEM draft test method involves preparation of six 25 by 25 by 285 

mm prisms in two batches.  Each batch was mixed to the procedure in EN196:Part1 

(10).  The specimens were cured for 24 hours in a humidity chamber at 23±1.5°C 

and more than 90% relative humidity.  The prisms were demoulded after 24±2 

hours, measured, and immersed in water.  The container was placed in an oven and 

heated to 80oC. 

 

 

METHODOLOGY OF TEST 
 

Comparator readings were taken at the time of demoulding (Li) and after 24 

hours immersion in water (L0).  The prisms were then immersed in 4.8 L of 1N 

sodium hydroxide solution preheated to 80±2oC.  Readings were taken after 24 

hours immersion in NaOH (L1).  Three subsequent sets of readings were taken at 

intervals during the NaOH storage period (Ln
,
 2 ≤ n ≤ 13), prior to the final reading 

after 14 days in NaOH solution (L14).  Readings were referenced to an invar bar of 

known length.  The gauge length (Lg) was taken as the nominal distance between 

the inner ends of the reference pins cast into the end faces. 

 



The final expansion and expansion at intermediate points during the test was 

calculated as follows: 

Expansion
Ln L

Lg
=

−100 0( )
(%)              (1) 

 

 

DISCUSSION OF TEST RESULTS 

 
The average expansions after 14 days immersion are presented in Table 5.  

The intermediate and final average expansions are illustrated in Figs. 2, 3, 4 

(individual aggregates) and in Fig. 5 (combinations).  The distribution of quartz 

crystallinity indices detected is presented in Figure 6. 

 

The results of tests on aggregates free of chert include four that exhibited 

extremely low expansions and two which exceeded the 0.15% draft threshold.  The 

low expansions for samples N-1, N-2, N-3 are as expected for pure clean limestone 

coarse aggregates and a limestone sand free of clay.  Sample N-5 slightly exceeded 

the draft threshold for innocuous aggregates.  It may be distinguished from the 

other samples in that it is igneous in origin and consists mainly of  weakly 

metamorphosed andesites.  The high expansion of the argillaceous limestone, 

sample N-6, would characterise it as a potentially reactive coarse aggregate.  The 

material has a satisfactory history of use.  Furthermore the production source from 

which the sample was obtained does have some layers of chert but the current 

production is free of chert.  The potential existance of opal or chalcedony merits 

closer study. 

 

The final expansions for aggregates low in chert ranged from 0.08% to 

0.29%.  As expected, no relationship was apparent between chert content and the 

degree of expansion at low chert contents.  Samples which exhibited the lowest 

expansions include those with the highest chert contents.  Five of the eight samples 

exceeded the innocuous/deleterious threshold, three of which exceeded the 0.25% 

level.  This supports the view that the presence of chert is not a cause for concern in 

regions where non-reactive cherts are commonplace.  The highest expansion 

recorded was in the argillaceous limestone sample L-1.   The geological 

description of the aggregate sample is very similar to that of sample N-6 which also 

exhibited high expansion.  The presence of moderate amounts of clay in both 

samples may be significant and the potential existence of opal or chalcedony 

merits study.  Similarly clay was also detected in the sample L-4, a weakly 

argillaceous limestone coarse aggregate, which exhibited an expansion of 0.27%.  

Significantly, small patches of coarse chalcedonic chert occur in this material.  The 

fine aggregate L-5, used commercially with L-4 in the production of concrete, also 

had a final expansion of 0.27%.  Coarse aggregate sample L-3 and fine aggregate 

sample L-6 yielded almost identical final expansions and are from similar 

geological sources.  The expansions of these specimens were above the 

innocuous/deleterious threshold despite low chert contents.  The presence of some 

greywacke in both specimens may have influenced the relatively high expansions. 

The consistency of the results in comparable specimens, the high expansions in the 



case of argillaceous limestones and greywackes indicates that the draft method 

should prove to be a good screening test. 

 

The results for the aggregates categorised as ‘high in chert’ ranged from 

0.05% to 0.20%.  No relationship existed between chert content and expansion 

level and the expansion levels were generally lower than those recorded for 

specimens low in chert.  Three of the nine samples exceeded the draft 

innocuous/deleterious threshold but none reached the 0.25% potentially reactive 

draft limit.  The highest chert content samples H-8 (20% chert) and H-9 (30% 

chert) recorded expansions of 0.20% and 0.10% respectively.  Small quantities of 

greywacke were detected in five of the samples (H-1, H-2, H-6, H-7, H-9) and 

these recorded expansions in the range 0.10% to 0.16%, averaging 0.12%.  Chert 

contents ranged from 4% to 30%.  The presence of greywacke is likely to have 

been more significant in causing expansion than the chert content.  These results, 

and those of other sets, confirm that the presence and quantity of chert alone is not 

an indicator of potential reactivity in regions where a satisfactory history of use of 

similar materials indicates that the chert is likely to be non-reactive. 

 

The expansive behaviour of aggregate combinations in the test is of great 

interest since aggregates can exhibit satisfactorily low expansions when tested 

individually but may indicate potential reactivity when tested in combination.  This 

was not a feature of the 14 combinations tested in this study.  Nine of the 

combinations included aggregates that had exceeded the 0.15% draft threshold 

when tested individually but only six of these returned expansions above that 

threshold when tested in combination.  All but one of the combinations yielded 

expansions that were intermediate between the expansions recorded for the 

relevant individual aggregates.  As expected, no correlation was apparent between 

chert content and degree of expansion.  Combinations with high chert contents, for 

example H-5/H-9, exhibited less than half of the expansion detected in low chert 

content combinations such as L-1/N-4 and L-4/L-5.  The only combination which 

exceeded the draft limit of 0.25% for potentially reactive aggregates was L-4/L-5.  

It is noteworthy that the coarse aggregate fraction was that which contained small 

patches of coarse chalcedonic chert. 

 

The lack of correlation between chert content and degree of expansion 

could indicate that chert was non-reactive or that the test was an unreliable 

indicator of potential reactivity.  The former is more likely the case and is in 

accordance with the findings of Strogen (4).  Strogen studied the crystal structure 

of Irish Carboniferous cherts and that of English Cretaceous flints – a younger 

variety of chert.  The flints had exhibited reactivity and returned quartz 

crystallinity indices as low as 1.  The Irish cherts, on the other hand, had high QCI 

values.  Furthermore, Strogen demonstrated a relationship between thermal 

maturation and QCI value.  His hypothesis is that the Irish cherts have been 

thermally annealed by prolonged exposure to temperatures of 200
o
C in the north 

and 350
o
C in the south of the country.  The QCI values detected in this study were 

all high, ranging from 5.8 to 8.0 (Fig. 6).  This finding and the lack of correlation 

between chert content and mortar-bar expansion supports Strogen’s hypothesis.  



The value of using the QCI value as an aid to judging an aggregate as 

“non-reactive” was thus further demonstrated. 

 

The relatively high proportion of aggregates which exhibited expansions 

above the draft “innocuous” level (0.15%) is somewhat disappointing but the small 

number which exceeded the draft “potentially deleterious” level (0.25%) is 

reassuring.  The option of setting national limits agreed in the place of use is a 

possibility but it is, of course, better that a screening test be pessimistic. 

 

The apparent sensitivity of the mortar-bar test to the presence of greywacke 

and very small amounts of coarse chalcedonic chert is noteworthy.   

 

 

CONCLUSIONS 

 
Ten of the 23 aggregates tested individually and 6 of the 14 combinations 

exceeded the 0.15% draft innocuous/deleterious threshold value.  Four of the 

aggregates tested individually and one of the combinations exceeded the 0.25% 

draft ‘potentially deleterious’ level.   

 

The presence of argillaceous limestone was a feature in many of the 

samples that exceeded the draft limit.  The combination that exhibited highest 

expansion contained small patches of coarse chalcedonic chert.  These are worthy 

of more detailed study. 

 
No correlation was apparent between chert content and degree of 

expansion detected in the draft RILEM ‘ultra-accelerated mortar-bar test’.  This 

supports the view that the chert in the vast majority of aggregates studied was 

unreactive. 

 

High quartz crystallinity indices were detected in the cherts confirming the 

likelihood of unreactive aggregates.  Judgement of the potential reactivity of the 

aggregates that exceed the draft limit for innocuous aggregates may, in the short 

term, be assisted by use of QCI values determined through X-ray diffraction 

studies. 

 

The draft RILEM mortar-bar test appears to produce pessimistic results 

which is a laudable feature of a screening test.  Alternatively the interpretation of 

expansions may require national limits agreed in the place of use. 
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Table 1 - Chemical Analysis and Physical Properties of the Cement  

 

SiO2 19.63 % Na2O 0.43 % Blaine 556 m
2
/kg 

Al2O3 4.58 % Na2O equiv. 1.21 % Autoclave expansion 0.08 % 

Fe2O3 3.30 %   Le Chatelier expansion 1.3 mm 

CaO 62.42 % Free Lime 1.85 Setting Time, Initial 80 min. 

MgO 2.56 % LoI 2.62 % Setting Time, Final 110 min. 

SO3 3.28 %   Compressive Strength  

K2O 1.18 %   (28 days)  56.7 MPa 

 

 



Table 2 – Aggregate Reference Code and Geological Description,  

Aggregates free of chert or low in chert content 

 

Ref. Type Geological Description Chert 

N-1 Coarse Pure limestone virtually free of clay. Some traces of dolomite 

present.  

0% 

N-2 Coarse Similar to N-1. 0% 

N-3 Fine Almost entirely a limestone sand (97 %), clean and clay free.  

Traces of dolomite and quartz. 

0% 

N-4 Fine Coarse fraction: milky white vein quartz, clear granatoid quartz 

and granite fragments.  Also contains 2 mm booklets of muscovite 

and thinner flakes of biotite.  Fine fraction: is primarily granitoid 

quartz with 5 % feldspar, 2.5 % muscovite and 1 % biotite. 

0% 

N-5 Coarse Consists mainly of a variety of weakly metamorphosed andesites, 

with no chert present. 

0% 

N-6 Coarse Argillaceous limestone with moderate amounts of clay, some 

quartz silt and organic matter incorporated into the limestone.   

0% 

L-1 Coarse Argillaceous limestone with moderate amounts of clay, some 

quartz silt and organic matter incorporated.  About 25% of the 

grains are very rich in clay minerals. 

1% 

L-2 Coarse A series of trachytes and related rocks which have been extensively 

replaced by calcite.   

1% 

L-3 Coarse A gravel of mixed composition.  About 60% is made up of 

grey-green very fine greywackes, siltstones  and slates of Lower 

Paleozoic age. 30 % consists of a variety of clean red to brown 

sandstones of Old Red Sandstone age.  3 % milky white vein quartz 

and 3 % black limestone. 

1% 

L-4 Coarse A weakly argillaceous limestone, the clay matter being 

concentrated along pressure solution seams with some quartz silt 

present. Small patches of coarse chalcedonic chert occur in some 

limestone fragments but very little as individual grains.   

1% 

L-5 Fine A natural sand of mixed composition, it is predominantly quartz 

and limestone, with small amounts of phyllite and granitoid 

fragments. 

1% 

L-6 Fine An unusual sand with 40 % quartz and quartzite. Major 

components: very fine greywackes, siltstones, slates. 

2% 

L-7 Coarse A crushed gravel almost entirely of limestone with 5 % dolomite. 

Both are clean and clay free. 

2% 

L-8 Coarse Consists of over 90 % dolomite with 5 % limestone.  The dolomite 

and limestone contain small amounts of quartz sand. The chert 

contains an abundance of dolomite crystals. 

3% 

 

 

 

 

 

 

 

 

 



 

Table 3 – Aggregate Reference Code and Geological Description,  

Aggregates high in chert content. 

 

Ref. Type Geological Description Chert 

H-1 Fine The coarse fraction contains 90 % limestone, of which 20 % is dark 

and argillaceous.  Also contains small amounts of quartzite, 

sandstone, dolerite, and traces of greywacke.  The fine fraction 

consists of 45 % quartz, 45 % limestone, and 5 % others.   

4% 

H-2 Fine The coarse fraction is dominated by a large variety of 

metaquartzites, many with strongly stretched fabrics, 

quartz-muscovite schists, granite, and granite gneiss with minor 

arkosic sandstones, greywackes, carboniferous limestones, chert, 

and dolerite.  Some loose feldspar crystals also occur.  The fine 

fraction is dominated by quartz, containing black and white chert. 

4% 

H-3 Coarse A crushed gravel dominated by limestone pebbles with some 

innocuous sandstones.  

5% 

H-4 Fine A limestone-rich sand with minor quartz and chert.  The chert is 

concentrated in the coarse fraction of the sand and appears in 

quantities of between 5 and 10 % and varies in colour from 

grey/white to black. 

7% 

H-5 Coarse A crushed gravel of very mixed composition.  45 - 60 % of these 

are Carboniferous limestone that are clean and clay free.  About 15 

% are argillaceous limestone, similar to aggregate L-1.  Other 

innocuous pebbles are clean sandstones, quartzites, and granites.  

About 6 % fine greywackes and siltstones. 

8% 

H-6 Coarse A crushed gravel, about 55 % of which is a clean, bluish 

Carboniferous limestone, 10 % clean limestone and 60% quartzite.  

There is about 5 % of milky white quartz veins and 2 % of 

dolomite, greywacke, and rare dark volcanic fragments.  The chert 

varies in colour from white to almost black. 

15% 

H-7 Fine A natural sand of very mixed composition.  It is composed of about 

50 % of a variety of limestones, 15 % of quartz sand, and traces of 

sandstones, quartzites, and volcanic fragments, all of which are 

thought innocuous.  Also contains small amounts of greywacke. 

15% 

H-8 Fine A sand with about 80 % being a mixture of clean limestone, quartz, 

and some sandstone.  

20% 

H-9 Fine Contains about 30 % chert, over 40 % limestone, 20 % quartz and 

small amounts of sandstone, quartzite and aplite.  Also about 6 % 

of fine greywacke and siltstone. 

30% 

 

Table 4: Prescribed grading of coarse aggregate. 

 

Particle Size Percentage 

2 - 4 mm 10 

1 - 2 mm 25 

500 - 1000 µm 25 

250 - 500 µm 25 

125 - 250 µm 15 

 

 

 



Table 5: Average 14 expansions and Quartz Crystallinity index of chert. 

 

Individual Aggregates Combinations 

Reference Average 14 day 

expansion 

(%) 

Quartz 

Crystallinity 

Index of Chert 

Reference Average 14 day 

expansion 

(%) 

N-1 0.01 - L-1 / N-4 0.24 

N-2 0.01 - L-2 / N-3 0.07 

N-3 0.01 - L-4 / L-5 0.28 

N-4 0.03 - L-3 / L-6 0.17 

N-5 0.16 - L-7 / H-1 0.09 

N-6 0.25 - N-2 / H-4 0.13 

L-1 0.29 5.8 L-8 / H-2 0.15 

L-2 0.13 - H-3 / H-8 0.14 

L-3 0.18 7.7 N-1 / H-9 0.07 

L-4 0.27 - N-5 / H-9 0.11 

L-5 0.27 - N-6 / H-9 0.17 

L-6 0.19 8.0 L-1 / H-9 0.18 

L-7 0.08 6.0 H-6 / H-7 0.11 

L-8 0.12 7.2 H-5 / H-9 0.12 

H-1 0.12 6.8   

H-2 0.16 6.7   

H-3 0.05 7.7   

H-4 0.16 6.4   

H-5 0.08 6.0   

H-6 0.11 7.6   

H-7 0.11 7.6   

H-8 0.20 -   

H-9 0.10 6.1 80% Silica 0.39 

 


