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A COMPARATIVE ANALYSIS OF CONCRETE STRENGTH USING
IGNEOUS, SEDIMENTARY AND METAMORPHIC ROCKS
(CRUSHED GRANITE, LIMESTONE AND MARBLE STONE)
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Introduction

Concrete is regarded as the most widely used male-nmaaterial in the world,
second only to water as the world's most utiliadossance [1-4]. The other princi-
pal constituent of concrete is the binding mediwadito bind the aggregate parti-
cles together to form a very hard composite mdteértze most common used bind-
ing medium is the product formed by the chemicaktien between cement and
water [1, 5, 6]. The future of concrete looks eweighter because for most pur-
poses it offers suitable engineering propertidevatcost.

A good knowledge of properties of cement, aggregared water is required
in understanding thieehaviorof concretejn ordinarystructuralconcrete thaggre-
gate occupies 70+75% of the volume of hardened rradsn similar vein it occu-
pies 90% or more in asphalt cement concrete [2].7t is inevitable that a con-
stituent occupying such a large percentage of stassld have an important effect
on the properties of both the fresh and hardenedyat (concrete). Their impact
on various characteristics and properties of cdaadseundoubtedly considerable.

One of the ingredients for making concrete, asargpbinted out, is aggregate.
Aggregate is a material such as broken stone, giayel or sand which, when
held together by a binding agent, forms a substhptrt of such material as con-
crete, asphalt and coated macadam [10, 11]. Agtregan be classified as fine or
coarse aggregate. Fine aggregate is generallyahaand and is graded from par-
ticles 5 mm in size down to the finest particle$ éxcluding dust. Coarse aggre-
gate is natural gravel or crushed stone usuallyelathan 5 mm and usually less
than 16 mm in ordinary structure [1, 6, 8, 12, 18]this research, the emphasis
will be on coarse aggregate.

Aggregate, part of which is coarse, is used prilpdor the purpose of provid-
ing bulk to the concrete. As economical filler whis much cheaper than cement,
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maximum economy in the production of concrete canobtained by using as
much aggregate as possible. The use of aggregateahsiderably improves both
the volume stability and the durability of the réisig concrete. Aggregate provides
about 75 percent of the body of the concrete amddnés influence is extremely
important. The commonly held view that aggregate isompletely inert filler
in concrete is not true, its physical characterssind in some cases its chemical
composition affect to a varying degree the propsrtif concrete in both its plastic
and hardened state [10, 14].

Strength of concrete is commonly considered as ralaable property in Port-
land cement concrete. Although in many practicaksaother characteristics such
as durability and permeability may in fact be mionportant. Nevertheless, strength
usually gives an overall picture of the qualitycohcrete because strength is direc-
tly related to the structure of the hydrated cenpadte. Moreover, the strength
of concrete is almost invariably a vital elemenswtictural design [4].

Compressive strength of concrete is commonly cemeiito be its most valued
property, although in many practical cases, otharacteristics, such as durability,
impermeability and volume stability, may in fact tmere important. Nevertheless,
compressive strength usually gives an overall ggctd the quality of concrete [15].
Because of the important contribution of aggredateéhe strength of concrete,
this paper seeks to examine the effect of phygioaperties of coarse aggregate
(igneous rock - crushed granite stone; sedimentagly - limestone and metamor-
phic rock - marble rocks) on the compressive stien§Portland cement concrete,
and also to compare their concrete strength witB8.

1. Materials and methods

Physical and mechanical properties such as speagificity, moisture content,
bulk density and void ratio, water absorption, @itsg aggregate impact value,
slump and compaction factor, and compressive dinewgre determined for the
various rocks and concretes cubes produced.

1.1. Materials

Constituent materials of concret&€he materials, namely cement, fine and coarse
(igneous rock - crushed granite stone, sedimemtanly - limestone and metamor-
phic rock - marble stone) aggregates and wated fegethe purpose of this study
were selected and tested according to British $ta@h@odes of practice or speci-
fications and American Society for Testing MatesighSTM) standard.

Fine aggr egate (sand)
The fine aggregate used was uncrushed type whisholweined locally from the
River Bako at Kpankungu along Federal UniversityTethnology, Gidan Kwano
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main campus, Minna. It was free from organic impesi in form of silt and clay.
The fine aggregate was found to be under standatdgsification and falls under
the grading limit of zone 3 of [12, 13] after sieaealysis using the method of sieve
analysis in accordance to [16]. Specific gravitysahd which is fine aggregate
is 2.36.

Coar se aggr egates

Coarse aggregates from three different naturalnpaoek materials were obtained
viz igneous - crushed granite stone, sedimentanly +éimestone and metamorphic
rock - marble stone [12, 13]. The fractions of elifint sizes of the aggregates as
shown in Table 1 were in the ranges as specifi¢tidh The maximum size of the
coarse aggregate used falls within 6.3+25 mm uiegnethod of sieve analysis
in accordance with [16]. The aggregate rocks amegidar in sizes, strong and
tough with rough surface texture.

Cement

Ordinary Portland cement of Burham brand obtaineainf local distributors
in Minna and of recent supply, free of adulteratiaas used as the main binder.
The brand of cement used is to [17] specificatidiige specific gravity and unit
weight of cement are 3.15 and 1440 kjfespectively.

Water

The water used for mixing and curing of the corengas potable tap water, free
from impurities such as silt, alkaline salt, clagid and organic matter. Density
and pH value of water are 1000 kd/amd 6.9 respectively.

1.2. Methods

Particlesize distribution or grading of aggregates

One of the most important factors for producing kedate concrete is good grading
of aggregate. Sieve analysis method was adoptethifopurpose. Sieve analysis
refers to the process of dividing a sample of agagesinto fractions of same parti-
cle sizes. The determination of fractions of aggtegarticle sizes was carried out
in accordance with [16]. The aggregates were athinobd from their natural
sources and extremely dried after long exposuseito The results of particle size
distribution earned out on the aggregates (fine @adse - crushed granite stone,
limestone and marble stone) are presented in Table

Specific gravity

Specific gravity (@ is generally defined as the ratio of the mass given volume
of material to the mass of an equal volume of wateéhe same temperature. When
considering aggregate for Portland cement concteéemost common definition
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for specific gravity is based upon the bulk voluwfethe individual aggregate
in a saturated and surface-dry (SSD) condition. Therdgnation of aggregate
specific gravity was carried out in accordance WitF.

Bulk density or unit weight and void ratio

Bulk density gives valuable information regarditng tshape and grading of the
aggregate. Bulk density refers to the mass of nat@ncluding solid particles and

any contained water) per unit volume, including #oéds between the particles.
Dry method was employed for the determination dkldensity and was carried

out in accordance with [17, 18]. The net weighthe aggregate in the container
was determined and the bulk density calculatedyintk From the values of specific

gravity and bulk density in saturated and surfageednditions of the aggregates
sample, the percentage of void ratio was then Gkl

Por osity

The porosity of aggregates affects the bond betwieem and the cement paste
as well as the specific gravity. For aggregates \pibres, these pores vary over
a wide range; some of the aggregate pores areywhithin the solid, while others
open to the surface so that water can penetrat@dhes. The amount and rate
of penetration of water however depends on the siestituents and total volume
of pores.

Water absorption

Water absorption refers to the increase in masssaimple of aggregate due to the
penetration of water into the water-accessible vatithe oven-dried aggregate
i.e. the ratio of decrease in the mass betweenuwrasead sample and a surface
dried aggregate after oven drying for 24 hourdieorhass of the oven dried sample
expressed as a percentage. Water absorption testcevalucted in accordance
with [19].

Aggregate impact and crushing values

Aggregate impact value gives relative measure efrdsistance of an aggregate
to sudden shock or impact and aggregate crashiong gaves a relative measure of
the resistance of an aggregate to crashing undeadually applied compressive
load. The aggregates were tested in a surface ahgition. Aggregate impact

and crushing tests were in a surface dry conditibmggregate and conducted
in accordance with [20, 21] respectively.

Slump test

The slump test of fresh concrete mixes was conducte@scertain concrete work-
ability. This was carried out in accordance witB][2
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Compacting factor

This test is to determine the consistency or setfgaction of the fresh concrete
mixes produced form three different types of coaaggregate (granite/crushed
stone, limestone and marble). The compaction fatestr was canied out in ac-
cordance with [23].

Compressive strength

The basic properties of hardened concrete arelglassociated with its strength.
The crushing strength test for the compressivegthewas carried out in accordance
with [24, 25] using compressive strength test machine adfigaeby [26]. A pro-
portion mix ratio of 1:2:4 and 1:3:6 (cement, fimed coarse aggregates) at water
cement ratio of 0.5 and 0.6 were used to castdherete cube of 150x150xI50 mm
for 7, 14, 21 and 28-day curing periods respectivEhirty-six (36) in number
concrete cubes were cast, cured in a tank contpitiean tap water and crushed
for each water cement ratio and curing period. aherage compressive strength
was then taken. The modes of failure of concrebesware normal, that is there are
non-explosive failures. The degree of workabildgnsity and compressive strength
are the three properties for which concrete isgihesl [4]. Therefore, absolute
volume method was used in the calculation of nohmimia proportion. This method
is based on the principle that the volume of fdbmpacted concrete is equal to
the volume of all the ingredients (ignoring air tamnt).

Absolute Volume = (W/1000) + (C/100%) + (A/1000P,)+(A./1000P,) = 1

where: W - weight of water; C - weight of cement, A, - weight of fine and
coarse aggregates; Pspecific gravity of cement; PP, - specific gravity of fine
and coarse aggregate respectively; 190000kg/m® P.=3.15; R =2.36;W/C
- water-cement ratio.

The characteristic compressive strength was oldalyedividing the maximum
load the cube can sustain by the area of the cube.

2. Results and discussion
2.1. Particle size distribution of fine and coarse aggregates

The result of particle size distribution carried anm the aggregates (fine and
coarse) as shown in Table 1, indicates that theedimd coarse aggregate maximum
sizes used for the study were 5 and 28 mm respédgtiThe size of aggregate
particles (fine and coarse) normally used in calecvaries from 0.15 to 37r&m.
The values obtained are in the ranges specifigiian13, 16]. The coarse aggre-
gates are irregular in shape. The fine modulusnef &ggregate is 5.27 and that of
coarse aggregates (igneous rock - crushed graoite,ssedimentary rock - lime-
stone and metamorphic rock - marble stone) are872.87 and 4.16 respectively.
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TABLE 1
Particle size distribution (gradation) of coar se and fine aggregates
Percentage fineness by mass [% passing]
Ssiiez\(/ee Igneous Sedimentary Metamorphic _
rock - crushed . rock - marble Sand - fine
granite rock - limestone stone
28 mm 100 100.00 100 -
20 mm 99.15 99.5 99.48 -
14 mm 45.66 56.27 54.48 -
10 mm 8.4 21.29 19.22 -
6.3 mm 0.2 6.73 6.23 -
5.0 mm 0.2 0.23 0.23 94.93
3.35 mm 0.00 0.00 0.00 90.42
2.00 mm 0.00 0.00 0.00 84.14
1.18 mm 0.00 0.00 0.00 75.22
850 um 0.00 0.00 0.00 66.68
600 um 0.00 0.00 0.00 40.64
452 um 0.00 0.00 0.00 11.09
300 um 0.00 0.00 0.00 7.11
150 um 0.00 0.00 0.00 2.78
75 um 0.00 0.00 0.00 0.00
Pan 0.00 0.00 0.00 0.00

2.2. Specific gravity of coarse aggregates

The apparent specific gravity of most rocks fakéwieen 2.6 and 2.7 [4, 12, 13,
15, 27]. The values of specific gravity of igneawek - crushed granite stone,
sedimentary rock - limestone and metamorphic roakarble stone obtained are
2.65, 2.63 and 2.58 respectively. The values obthimdicate that granite and
limestone rocks fall within the standard range, trat of marble rock is slightly
below the lower limit given above as specified @2,[13]. This is because
the percentage porosity of metamorphic rock is éighan those of granite and
riverbed aggregates. The granite, limestone anthlmanck aggregates can be use
for normal structural concrete works since the Hjgegravity values are above
the minimum values stipulated by [12, 13].

2.3. Bulk density or unit weight of coarse aggregat  es

The bulk density of the igneous rock - crushed igeastone, sedimentary rock
- limestone and metamorphic rock - marble aggregatse found to be 1413 kgim
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1409 kg/m and 1346 kg/threspectively. The bulk density of most naturalragg
gate varies between 1350+1800 kjjamcording to [1117, 28, 29]. Crushed gran-
ite and limestone aggregates fall within this ramgele marble rock aggregate
falls below the minimum value given above by [1Bhe higher the bulk density,
the lower is the void content to be filled by saamtti cement [30]. The results
obtained from the research indicate that metamorpdék - marble aggregate is
less densely packed.

2.4. Void ratio of coarse aggregates

The results of the void ratio of the three diffaraggregates are 0.48, 0.49
and 0.52, which shows clearly that metamorphic ragigregate contains more
voids when compared with the other two rock aggeegamples. This means that
concrete produce with the metamorphic rock aggecgdit be less durable, more
porous and consequently water absorption is exgdotde high in metamorphic
rock.

2.5. Porosity of coarse aggregates

The values of porosity obtained from the researehld.24, 11.03 and 15.07%
respectively. The range of porosity of common roe&tges from 0 to 50 percent
[6, 8, 13, 31]. This indicates that the value ofqsity of the three rock aggregates
obtained falls within the range. The pores in aggte vary in size over a wide
range.

2.6. Water absorption of coarse aggregates

The water absorption value of the three rock agdesgare presented in Table 2.
Metamorphic rock - marble aggregate has more ptagenwater absorption than
the other two samples of rock aggregates. This ia gesult of the fact that meta-
morphic rock aggregate contains more pores negeiksawvater absorption.

2.7. Aggregate Impact Value (AlV) of coarse aggrega tes

The result of the impact carried out on the thimpes of rock aggregates as
shown in Table 2, indicates that metamorphic rockarble aggregate is the
weakest of the three samples with an average 8fL.24,. approximately 21%. This
could be due to the fact that its parent matesiafia very weak rock or the pro-
cess of metamorphism has softened the rock. Thémmax aggregate impact and
crushing values are 20% when the aggregate is tesée in heavy-duty concrete
floor finishes, 30% for pavement wearing surfaced 45% for other concrete
works [10, 13]. The lower the value of AlV and ACthe stronger the aggregate
i.e. the greater its ability to resist impact anasting.
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2.8. Fresh properties of Portland cement concrete

Slump

The concrete produced with igneous rock-crusheditgratone and sedimentary
rock - limestone aggregates recorded a medium wdityawith slump values of
32.5, 30.5 and 32 mm for concrete grade of 20 N/namd 32, 30.5 and 31.5 mm
for 30 N/mnf concrete grade, respectively while that of metaimiarrock aggregate
recorded a low workability as shown in Table 2. Ugio the concrete produced
a reasonable slump value, but it has the lowestpaatng factor value when
compared with concrete produced with the otherrvolk aggregate samples.

Compacting factor

Compacting factor as shown in Table 2 indicates ol of the three samples of
aggregates used in producing concrete for thisystungtamorphic rock - marble
stone aggregate produced the least compactingr feahoe for the grades of con-
crete indicating a low level of workability.

TABLE 2

Physical and mechanical properties of various coar se aggr egates
and Portland cement concrete

Values
Property

Granite Limestone Marble
Unit weight 1363.75 kg/th 1394.74 kg/m 1271.38 kg/m
Apparent specific gravity 2.65 2.63 2.58
Bulk density 1413 kg/th 1409 kg/m 1346 kg/m
Water absorption 0.46% 0.29% 0.59%
Moisture content 0.70% 0.71% 2.68%
Void ratio 0.48 0.49 0.52
Porosity 11.24% 11.03% 15.07%
Aggregate Impact Value 5.72% 6.08% 12.27%
Slump (20 N/mrf) 32.5mm 32.5mm 32 mm
Slump (30 N/mrf) 32 mm 31.7 mm 31.3mm
Compacting factor (20 N/mith 0.92 0.92 0.91
Compacting factor (30 N/mith 0.91 0.91 0.90

Compressive strength

Compressive strength of the concrete produced thenvarious coarse aggregates
at water-cement ratio of 0.5 and 0.6 and desigrcrena strengths of 20 and
30 N/mnf are presented in Table 3 and Figures 1 and 2 cteply. In all of
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the three coarse aggregates used, the compressangth of concrete increased
with increasing age of hydratiognd in other side reducesith increasing
water-cement ratio.

TABLE 3

Compressive strength of the concrete produced from the various coar se aggr egates
at water-cement ratio of 0.5 and 0.6 and design concr ete strengths of 20 and 30 N/mm?

Compressive strength [N/nfin Compressive strength [N/nfin
Concrete atW/C=0.5 at W/C =0.6
7 Days | 14 Days 21 Days 28Days 7 Days 14 Days 3% D&8 Days
Granite 11.74 15.35 20.76 26.4% 9.84 13.38 1879 .685
Limestone 10.80 15.13 19.55 26.11 9.18 12.76 18/5725.19

Marble 7.45 13.85 18.83 26.03 7.05 9.85 13.93 24184

Design strength of 30 N/mfm

Granite 20.62 21.13 25.69 30.11 16.34 19.98 22185 7.2
Limestone 17.20 18.94 26.86 29.78 14.99 16.87 20{4726.81
Marble 17.11 18.45 22.25 29.53 13..03 14.21 18.[18 6. 42
a) 30
25
=g Crushed granite
20

Limestone
== V]arble stone

Comressive strength
{N/mm?)
s
(%2

7 14 21 28
Hydration period {Days)

s

-
30 -~ ——— SE—— i

?3 .
25 J/ ={==Crushed granite
20 - Limestone

15
10

= V3 rhle stone

Compressive strength
(N/mm?)

3 7 14 21 28
Hydration period {Days)

Fig. 1. Compressive strength of the concrete pradifroen the various coarse at water
cement ratios of: a) 0.5 and b) 0.6, and desigreta strengths of 20 N/nfm
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a) b)

25 /ﬂ, g Crushed granite
w=Limestone
= 0 == Crushed granite

15 e Limestone
P s - === arble stone

e Marhle stone

Compressive strength
(N/mm?)
—
&
Compressive strength
{N/mm?)

7 14 21 28 37 14 21 28
Hydration period {Days) Hydration period (Days)

Fig. 2. Compressive strength of the concrete pradiéroen the various coarse aggregate
at water cement ratios of (a) 0.5 and (b) 0.06,design concrete strengths of 30 N/fnm

The results obtained indicate that igneous rockusieed granite produced the
highest strength followed by sedimentary rock -elstone and metamorphic rock
- marble stone the least. This could be due tdatiethat the igneous rock - crushed
granite aggregate is very strong and tough witlgmaurface texture which enhances
stronger bonding between cement paste and thegadgrparticles. The strengths
variation could also be viewed from the result of\Aand percentage porosity
carried out. Concrete aggregates with higher ptyr@sid absorption factor create
internal stresses reducing concrete durabilityl(§, Sedimentary rock - limestone
stone look more roundish and smoother than crughedte leading to poor bond-
ing between individual particles and cement pastechivhave negative effect on
strength development. The resistance of limestggeegate to failure by impact is
lower than that of igneous rock - crushed granggregate as indicated from the
AFV test carried out, hence showing the lower ayereompressive strength rec-
orded by sedimentary rock - limestone aggregateoagpared to crushed granite
rock aggregate. The weaker aggregate among the shraples of aggregates used
in the study was metamorphic rock - marble. Thisoaats for the least values
of average compressive strength recorded by it atiang ages.

Conclusions

The following conclusions can be drawn based onr#iselts and discussion
of the study conducted:

1. Igneous rock - crushed granite stone aggregate the highest compressive
strength at all curing ages, this is due to the flaat crushed granite stone is
very strong, tough and has good surface texturewdmnhances proper bonding
between the aggregate particles and cement paste;

2. Sedimentary rock - limestone aggregate prodidgiter compressive strength
than metamorphic rock - marble stone aggregates iBhéo because limestone
aggregate is stronger and harder than the metamamqtk aggregate used in
the study. It was also observed that the strengitiuyzed by limestone aggregate



A comparative analysis of concrete strength usimgeous, sedimentary ... 189

is lower than that of crushed granite stone. Therbied aggregate are roundish
in shape and again smoother than the crushed gnantk, this is a major dis-
advantage in strength developments as the roursfliahe lead to poor inter-
locking of the individual particles which also leaol poor bonding within
the particles and cement paste.

3. Of all the three aggregate samples used in etm@roduction, metamorphic
rock - marble stone aggregate produced least casipeestrength faall curing
ages (hydration periods). This is because the ggtgas weak and less tough
in nature.

Recommendations

From the foregoing, the three rocks namely igneawrsished granite, sedimen-
tary - limestone and metamorphic - marble perfosaussfactory as coarse aggre-
gate for structural Portland cement concrete aljhaheir strength varies consid-
erably. Similar research should be carried outhendther types of igneous, sedi-
mentary and metamorphic rocks to ascertain thesngth variations and to deter-
mine where each could be of best use.
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Abstract

This paper presents a comparative analysis offftaet@f the physical properties of coarse aggmegat
(igneous rock - crushed granite stone; sedimentark - limestone and metamorphic rock - marble
stone) on the compressive strength of Portland semencrete and compare their characteristic
strength. Tests such as sieve analysis, specifiwitgr bulk density, void ratio, porosity, water
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absorption and aggregate impact value were caoigdon aggregates to ascertain their physical
properties as they affect the strength of concrébe concrete strength comparison was confined
to characteristic concrete strength of grade 20 2tdN/mnf only. Two different mix proportions

of 1:2:4 and 1:3:6, and water cement ratio of M8 @.6 for both mixes were used to cast concrete
cubes which were hydrated for 7, 14, and 28-dayogsrrespectively. The compressive strength
tests conducted on the cast cubes was found toithnthe stipulated value of concrete strength
of 26.0 N/mnd for 28-day hydration period by British Standard cifieation. The 28-day concrete
cubes cast with these aggregates shows that, &ivthetrength of 20 N/mfigneous rock - crushed
granite stone ¢ concrete had the highest strerf6.45 N/mni followed by Sedimentary-limestone
with 26.11 N/mm and metamorphic rock - marble stone 26.03 Nfimnthat order, and also at the
high strength of 30 N/mfn crushed granite concrete gave the highest stretlogbe 30.11 N/mf
followed by granite 29.78 N/mfrand limestone 29.53 N/nfrin that order.

Analiza porownawcza wytrzymato $ci betonu z kruszywem grubym
w postaci skat magmowych, osadowych i metamorficzny ch
(famany granit, wapie h i marmur)

Streszczenie

W artykule przedstawiono anaiporéwnawcg wptywu wiasciwosci fizycznych kruszywa grubego
(skaty magmowej - tamany granit, skaty osadowejapignie i skaty metamorficznej - marmur)
nasciskanie betonu poprzez poréwnanie charakterysgjeaptrzymatdci. Kruszywo grube poddano
badaniom: uziarnieniaggtasci nasypowej, estasci, porowatdci, wskanika porowatéci, absorpcji
wody i wspotczynnika wptywu kruszywa w celu ustadewtasciwosci fizycznych, jakie maj wptyw
na wytrzymaté¢ betonu. Poréwnanie wytrzymdld betonu ograniczono do charakterystycznej
wytrzymaldici na sciskanie betonu o wartoi 20 i 30 N/mm. Do wykonania sZeiennych kostek
betonowych zastosowano dwiezn& proporcje mieszanki 1:2:4 i 1:3:6 i dwie waciostosunku
cementowo-wodnego 0,5 i 0,6, ktore dojrzewaly odpdwio przez 7, 14 i 28 dni. Testy wytrzyma-
tosci nasciskanie przeprowadzone na kostkachssieenych wykazalyze przewidywana wytrzyma-
los¢ betonu dla prébek 28-dniowyebynosi 26,0 N/mrfy opierajic sk na normie brytyjskiejBadania
28-dniowych betonowych kostek, w ktérych zastosawanalizowane kruszywa grube wykazatly,
ze dla wytrzymatéci 20 N/mnf: beton z granitem miat najekiszz wytrzymatai¢ - 26,45 N/mm,
beton z wapieniem 26,11 N/mMm z marmurem - 26,03 N/mfm Dla wytrzymatdci 30 N/mnf
réwniez beton z granitem miat najeksz wytrzymalgé: 30,11 N/mm, nastpnie z granitem
29,78 N/mni i wapieniem 29,53 N/mfn



