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1. Introductiong

p . e rme .

Grave" in Denmark 13 CSsetially won

reatary depotits, cp oo e solotivel; modest pro-

duction of crushed granite in Bornholw,

rrem 1o0se, sedi-

The formations worked is depocited during and arter the
Quaternary glaciation.

Ouring this period Uenmark was ice-
covered 4 times, the glaciers bringing a lot of material
from the Scondinavian peninsvlar, This was deposited
at the time of melting of the glaciers,

The donosits are partly moraines, partiy often charactar-
Istic welt-vater deposits of a shape having aaéﬁ thew '
easy to locate, Especially the m¢lt~nu£g'

vorked. Probabiy there are no surf,
- of ‘his kind at wﬁfc& v :

} | ’555 - Thy
fiﬁeé as graiﬁs é@iaq gﬁie ta pass a ¢ %&
are retatned on a 4 wg sigve, and gra:
Sand and stonag,

' 39&% f#&a 2 praév:t%aa pasaz" 

on &&a kéaﬁﬁ aﬁé Péﬁﬁ Aaiériaiﬁ g',
raﬁk. '

Petroaraphically Danich agureaite materials consist of
a mixture of Scandinzvian bed ock
teriatl fram our oun BRacverget,

ans ainerals amd mae

Thus the comronition »y v oor

L
- , L e o S
Qrartey, 2 - 50 voideaa, L .
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. nuts éﬁ?iﬁg freczing.

the covntry 32 1 F ' lan o7 the topasition history
and tae weatheriro aftes doposition. Tyoically in
the eastorn part of Denuark all cravel types are rich
in Flint ond Jiscot20 and pnly contain about 20% of
granite. Going to the west the amount of flint and
limestonc is decreasing hecause the pre-quaternary
underground i3 clay-rich, tertiary rocks, while in
tast Denmerk it 4s $lint-carrying cretaceous lime-
stones. In the western part of Jtland the gravel
types ara rich in fiint beceuse weathering effective-
1y has rewoved lirestones and crystalline granites
and gneisses. There ts stili 3 good awount ot
guartzites Yeft, Except for certain types of Flinmt
and limestane all the store raterfal effectively are
_sann& ?wﬁéféfﬁg pﬁg%*cai and chemical properties,
although precautions ﬁ&gﬁftﬁ %&tiﬁ&ﬁ ta i¥§fé pop-

Artificial ﬁegreﬂxte* in the form of é%?ﬁﬁé&é clay

is produced ia ruther big anounts in Deamark, These
are Lo sowe exlent usrau "n constructior concrete al-
Lhough the major use o3 i prefabricated wall gaﬁtis
and buildiag blocks, and as leose insvlating ﬁﬁieri§¥§

'i-~&F£%f§§ia¥ 3§§fﬁ§éi§§ can alza be graéag§é5§¥ sintﬁtﬁ;
ing p.f.a., tiis §s, however, not dene in Denmark.
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The Function of Aggrcgate in Concrete

Previously the aggregate has been considered an in-
dctive filler usually acer runting for 70 - 78% by
volume of the concrete mass, and compared to the ce-
ment rather cheap. This point of view has graduslly
boen wodified 2nd 1t §s now generally reslized that

¢ lot of the properties in fresh as well as hardened
ceaewu arc intimately cennected with the properties
of the aggregate. In particular series of destruction
sechanisms can be sscribed 54 ?ﬁgﬁns h&m cenent
iiﬂt i%t awum. Thus 11

™~ n the frosh comcrete partis
gﬁttﬁf irwiﬂ wf sﬂ%a &%m iﬁu i'ﬁf *’,jztuzm infly-
nce on the vorkadility, water roqu!rement

avel. The spate nm@a thﬂo &ﬂ Niff |
« ﬁﬂh smwnt suﬂ ler graing, the size and amount
ddjusted in such o way thot the holes are filled in the
best possible way. After this even smaller grains are
added and so on unti) the smallest size in the gravel.
The remaining space is” Finally fillod up with coment
Paste. A grading buiic up te this pr inciple will in
theory be exccllent and ccounuic, In practice the re-
sulting concrete will requive farger amounts of com-
Pressing energy to oblain suiiable quality after cast-
ing, Looking at the mechanism in compression gne will




realize that the small graing and the cement paste
will ¢t as a kind of ba’l hearings betiocen the larger
grains, the resiscance 0+ these to obtain a closer
$pacing depends on their shape and surface character-
fstics. The factors have to be evaluated until de-
¢iding the smount of sand necessary in a given mix.
Fer example it s obvicus that crushed grains will
require more sand than well rounded grains, In re-
Hotica to workability the percentage of sand essen-
$4211y 15 the only paremeter to be chosen freely,

of #1 Yer ta sand fth*s beir
reat - ence on ti

bis compromise. If aip entraining agents are
_ Bdded the filler contont can be reduced since the

alr-bubbles between the dravel grains will provent
water to be pressed gut. Making of water-piroar con-
erete requives in aeneral V/c . 0.60 aud a content
of cement plus Filley - G.0% wn ig cxcess of 375 kg/m3
concrete,

Th@ fii}!”‘t‘. ‘-"‘Fd in t."f\ -'Tf'l‘ (]f (') .\“‘pf‘nr Suqqnst a

grading of t.n dHArCyte mix, 1y

the sand curve is




betwec ; curve A and B, an

if the gravel curve reminds
of curve C and not depart,s essentrally trom Curve €,

it winhy normally he dscertained that Separation of
concrete during casting and transport can Yo
The concrote will be suitable to vibration,

prevented{

It s tbe’kupa of the auther that these considerationg
will show that *i1deal®™ curves for gravel can not be
gfven, ‘ |

ﬁzki?ététeagretet&aaggrtget¢<fsﬁtrgggs"

" of propertics, o,
8 dd

¢ ihe strength ig essentfally a 7
¢ ratio and the amouns of the com
. h {t seems Lo b proven that ', concrotéy
}ggﬂstﬁe,¥§%,$§£i§ tﬁesiéé&gth'aiiidﬁgrgasg with
ri%%ﬁ#ﬁ'g?a}avsfgafi§;§§3-§g§~"#€eg
SRR

~ Yooked arter in the sand is orgmniec ispuritier, o.9.
§§&i¢‘3€iéﬁ.~ These will retard op prevent the binding
of i&@ncemcﬁt and can vake the sand unusable. Humic
acids can eften be remaved by wvashing of (ke sand.

In the precéding LeCLiong the role of the Jrading in
the freoch concrete hye S dened, In ghe hirdencg
Councraty the drading Lo oo L in Tt ting the dyy-
ine ﬁhrtnkaqr Stien only the L oap e sheinting, A

denso stelotas of Ao At o L Mhordatade dofoym-

: s - - M . L + PO I | . ~ .‘,
ehiare Aana will ot g oottty o be anl e aburh




the rosulting strain.

The petreqraphic compnsition of the aggregates plays
an important vole in the durability of Lhe concrete.
This point has to be divided into two subpoints since
the concrete has to Le durable against physical attack
4nd also has to be resistant to chemical destruction
by reacticns between ceament paste and aggregate. 0Of
course the rcinforcement must not by expased to cor-
rocfon eiiher and is not supposing the co '
Eéﬁi Iaﬁaeg without fractares, aaé ag
er a§QVe t&& reinforce;

J ;  ra&£%%v# tﬁgétﬁ%? %f%& tﬁg"eeﬁe‘_r__mrirT

€ﬁrt§ia rock tgseg will react eﬁegifﬁ??y'wttgrggﬁ s

alkalies in the cevent and Tori axpanding gels by ad-
sarptian of water. Ths vauztisn i believed in prine
ciple 9 follow the schoare uot gy,
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Gels bring able to expend more than 700
noticed, and it i: o' yio:.
to serfous damage,

have been
that this ear give rise

Those minerale and rocks being able ¢
cement are Siﬁgurich like:

0 react with

~ Opal, Calsedony, Christobaliite, ,
Fhyolite, ﬁnaest;e, Phyllites, Slates, Flint and Chur

; ‘@ snrvauadiﬂgz. €.9. sca~water or
ﬂaatﬁﬂriag ot felspars, Furthermore the alkili con-
centration in the mixtng vator,

fhe consequences of alkali-cilica rezetioens are the

follouinu, the ofiect of Veten can b sunarinagged;
a) Extrenme oxpancie . SH

b)Y Formatien of Cl2 g vhe e ot inn 6l which
' b vot i nccordon. . il o as
fysian,

nwaaLioa,

o
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€Y Formation or (on; i
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Precant s anaone t Chee pcactigan can be outained

hovartous AN

Using couwmi wygregotes togather with alkali-poor
cement,

Using common aggregats plus ordinary cement plus
pozzolan.

Using ordinary Portland cement together with not re-
active aggregate,

Usualiy the method 1ast mentioned §s the most expen-
sfve but also the only one being absolutely safe,

It is not to be frn-qotten, however, that related re-
actions can happen witiout formation of expanding
gels, In that casc the binding detv cen the cement
paste and the aggrcgate becomes chemical in nature
thus giving very gocd adhesicn betucen mortar and
stones. This is 5aid to be anpeniag if Cal is in
great excess to the reactive silica and slkalies.
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Requinri .o, a3+ ot Gat s T L iea g heing valid
at he presont «iaa vy hed g DS M1 togethor
with Listing methods fgp drronsty o tion of the Suite

ability of 5. dugrogates,  This Standard i Pretty

old and 15 under revisian.,  The win part of the new

specifications are published in proof,

Valid requirements give limitations ip the conteat of
clay, siit, calcite and organic irpuriting, In the
hew standard is not given petregraphical Timitations
but only timitations in the contrnt of éi&iﬁtegﬁ'&ifﬁg
&nd porous grains, Limitations in the chemical com-
pPositions are not given.

The test methods applied in this country g;g,§g §§” ;i
neral in accordance with Asn methads, adjustud sce
cording to units, i .
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4. Pralictina

Unfortunately 1t i< nat  ,cihic to giv  general rules
fOr product . on w0 L Lo ian avestrents nccessary
stnce the olant fo- . oduction of 1garciates to a high
extent Las to be designed (o ment the special problems
rafsed ty the raw watcrial and the local qeoloqy, e.g.
the ground-wator talile. Furthermore the need fer in-
vestmeats will to a high extent bo connccted to the
wanted capacity of the plant.

Knouing the raw matcrial and the wanted capacity, {1t

is passible to buy prefabricated plants being able to
weet the requiremcots, Information of these cam to a
high extent be qatned from the Titerature ¢.g. *Rock

Products”,

S ﬂﬁf #xgﬁfiﬁﬁﬁﬁ is in general that it is profitadle teo
and bulld the plant ourselves, although we fre-
nake use 6f cortatn prefabricated components.,

Certain types of cqnipment s absolutely necessary,
this &éigg* Gear. for excivating the raw naterial, tor
fotoernal transportaticn. for working of the raw ma-
terial fato the coumercial product. Stock-pile and
lorry loading equipwent is aise neces sary. At the
"t"“ at I%ast~&§r&¢ﬁ§ and a certain arount of come
0 Il be nicessary, soretimes supplemgnt.d by

f &ni 5%&&9&, sﬁﬁ sometines alsoe crushers
'fﬁga F&Q;

#

:ug f&¥§a. ag cons ar&*iz?t will main} y ha dealing
uith the éeggr:pt;@ﬂ of vaoious types of oquipnont

and wetheds being usod in ovi-n GV pits,  Hpe

furtunateiy, the weiter ie .-, tble v ive detatled
bechaical fntora *iom or " iy ioye Ypes of wachingey,
GEL At the oxcur.ioa HER e vel st et ie, the
N 0 B BTV T Y T thdneer wro wiil) be
AU Y a gl par SO IO T e Lioas,
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At the excursion the participants wuill see 4 madern
Danish plant for Producriva ol arong giher things
399regates for . pirete and (b main principles in

the production-flow wili be demonstrated,

The plant is rather untypical since it js enong the
biggest in the world, having » capacity of more than

2 militon cubic meters per year. The article included
at the end of thic paper briefly describos the pro-
duction-flow and corresponds tn the facts to-day ex-
eéﬁt that the internal transportation to a high extent
has been changed and modernized.

Oanish gravel deposits are in gcacral covered by over-
burdca, which has to be removed. At Nymolle this e
done by vsing two 1.5 w° excavetors, and the overburdes
I8 carried away using Yorries and conveyor. The aver-
burden 1s removed continuously and is dumped tn iiready
excavated parts of the pit.

Elsewhere the ovordurdon is removed occasionally using
excevators, pay-loaders or dozers. Furthermore ¢ has
proved te be profitabie utilizing contiactors® supplies
in periods when it is not occupicd at construction work,
At the moment we are planning to got a walking dragline

”¥§? removal of overburdes.

Ea'ge§§r§t it is econonically sound to remave the oyer-
burden, §f the ratio gravel/overburden excoeds 2.

The gravel {s excavated utilizing the same types of
equipncnt 3¢ meationed above, Oiton only the waterial
dbove the ground-vator table is utitized, but certain
places aiso gravel frogm Latow the grouad-wator is duy
usinyg wnecially desianed guinma,.,

The internal Lrunspart foar L Dioa to 1l nlant s
carricd gut iy vasious g, hbly 44 vaed vilbey

&
lorrics or durners, hevs apd Ve duoninn ulgguns,




The triias arc raiice nbowr vequiring since a cortain
arount of peoeple are oct pied constantly with moviang
tracks. Transport by conveyors is an cconomically good
solution >ivce it can te placed permanently and only
nceds te be extended in sections. At the btegianing of
~the conveyar it will often be necessary to have a large
crusher to diminish the wear on the conveyor, or the
larger Loulders have to be taken away otherwise., At
Hywolle boulders larger than 600 mm are taken away, the
rest being crushed to less than 250 mm.

At the plart the gravel is split up by screening inte
the common commercial products, the screening being
performed at diffeorent levels. Certain fractions are
after the screening wixed in well defined proportions
to weet given specifications., In 9&&&?&1 sbout 10%

of oversize 1s accepted, and from a ﬁ&ﬁ%ﬁitﬁ point of
view the screentng is often pesformed usfng sercens
having targer size than the desertption indicates.

For cxample 0/8 gravel is produced using a 10 am screen.

Since the requircwants of tge Dapish market for small
stonas, particulariy 3/16 wn, is larger than the pro-
duction of natural stones, crushing is used at differ-
ent Jevels. After crushing the crushed product is re~
cireviated in the plant to be mived with the rounded
stones frow the deposits., Thus at ﬁgmaitt fs used
_about 1% crushers at éfffﬁ?@%i tevels in the ??&ﬁﬁSSg

among g*igés in a scparate plant producing anly crushe
ed products sorted in the same fractions as the usual
agaregates,

Crasning i« parforned using ¢isf. Jou crushers ow

o

cote grushecss Toat o oo Tewoe g crushers are
frest suited fap Cruhing ae o baaldees . and cone

g} - . : 4 N ' Coar ¢ . 3
Cruthers Lhe pesl o h e dpaet 1eas, tess than
) e X .. M . s .. . L. : : - .
clowmn S ronadan R v o e rrealed e Getoraal
B S I S B ; ,
Yorelion Cetuon N T Auae Lhe waar on tho




Jaus, Lince Oniy a swalle  fracsinng of L e stopecs
ectually has to bhe crushed nolveen the Juws,

Stones for concrete aqyragate, derived from sediveng-
ary deposits often ncog Washing hefore being used to
ascertain that dirt and clay on the surface are re-
woved. There s a large selection of various scrub-
‘bers cormercially available,

At Nymolle gravel PiIt we have found that only sluicing
a2t the screens are required to romove unwanted clay,
but elsewhere we are using Scrubbers of the counter-
flow type. The wWaste water*is led to a sand tank,
where the sand is sedisentated and taken out te be-
come devaterod efther at dewatering screens o in
double screw washors, From the overflow of the sand
tank a ‘cortain amount of fines s concentrated in
hydrocyclones., The water still containing a certain
amount of fines s led to o basin for purification
and 15 Lheecaftor recirculated fn the plaat.

Washing of sand can be necessary to recove clay and
humic acids, Usually the goal is reached after washe
ing, at teast 1f the sand s left in stockpiles for
dewatering, :

To meet the requirewonts of the Danish Standards as

to thescontont of agvéﬁsrs§§§&s, sorting of tie stones
ton take place. Yais i5 50 far in ﬁéﬁ%&fk dona by
werdepicking, sutomatic machinas not yet being ysed,
Stenes larger tham 70 B 1S wsually chowon cince Lhe
froction 707750 .a Gives Lhe i.cogeat ouitut ner man

Per day.  Geing doun fa STee oo wirae iy fu gaing

racically dovy fo . ahvi- o . e Laaeg wp dn Lize,
thn Cipacity is Aranatig e Cen baro g Ligen tag
neavy te handle, L N R A RURRRT I T3

B S e e N . e 1
l:: RS T R Va0 g,




The <grtina ran hae nrevfareod on either washed or un-
wasihce stouns. The sture  arc passing t o pickers

at a conveyor ard they dump liwmestone and qranite
directly into silos. The grenites are crushed and
fractionated for aggregate. The limestone is used
for other purposes. [he remairing product after re-
moval of granite and imestome is sutficiently Tow im
porous stoncs to meot the specitications., It is very
rich in fliint and is taken to 2 separate plant, where
$t ¥s crushed and tractionated to aggregate,

Frequently the screcning plants are placed at the top
of the sitos from where loading direct into the lor-
ries can take place. Stockpiling at the ground takes
ofien plece, the stockpile being built up when the
 silos pecome full. In this case Jozding is performed
by pay-loaders, Selling 45 wswally by volume, although
 the wmore modern plants ace selliag by wetuht. Thus ot
Hysclie we ave equisped with thres 50 ts weighte each |
3 x 20 m haviag capacity to sorve about 5 lorries per
minute,
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5.

S0 Mlustrated 40 such 2 vay as to show ohether the
- Products stay within the accepted quality limits,

,iﬁ;ggggggggi gi§§‘%%13ﬁ§sf18‘siﬁ§2&5 are égi?éﬁiéﬁ |

Testina and Quality Contend

-

- .

The «im of the produce.  f Aggregates f r concrete -
running qualiyty tantrol - j¢ to escertain a production.
being os uniform as possible, The considerations in
the preceding scetions shoyld show that good concrete
can be made from a wide variety of raw watorials,
However, it is very important in the production of
quality concrete to make sure that the applied mate-
rials are as uniform a5 possible, and ag a matter of
fact this is one of the wost cssential but also the
Tost difffcult things for the prod
tg reach, particularly within the

ucer of aggregatos
economic timits given,

The methnds generally §§$1it§ f§ Qﬁiiiiﬁ~€§ﬁ%¥ﬂ¥,i¥&
0 accordance wich ASTH mzthods and wust be adjusted

Testing and contrel wiii in geacral have ta he per.
formed on representative samples of daggregole. The
sampling procodure must therafors bhe plaaned in such
& we, that the resulting sample is repiesentative and
tits is omly pessible 4?*£ﬁe,bg¥k,§atgri;¥ is momo- o
geneous.  If the stockpile 8 Targe ome will get pro-

blews in sampiing the conter of the pite,

Feom the bulk, The necessary size af the samples is

#ﬁseatialty & function of the wazimum grain size as
shown in the table belay:

Max. grain size decessary Lanple
il 3

. .
] ‘J:l.'.'! ""j

s b L . T T e

2 * 0.7
: 0.4
i 0...
; 3.0
2 ! 16,5
!
‘

G,

som mage A
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The table is in accordance vity sugqagested Danish
Stand rds.

At the laborato: 'y the scanlos taken are thoroughly

mixed and howogenized Lnd aivided into 1 sample sup-

Posed to Le representative of the bulk material,

This sarmite is usad in the varicus types of testing
btiﬁg wanted.

The testing methods appiied in testing of aggregates
can be divided into three main groups, each character~
i:e# by the way ir which the testing is performed and
each group showing difforent statistical problems is

g %"'resstts. in “general @ﬂérwf¥f7§é?§ to

I éiviéiﬁg ﬁe%t p‘t&aég ?s as ol ows:

The sample troated is spHit up in smatler %§§§¥€5
.m0t consisting of single nrains, Eiamples are
“slevo-analysis and 11 sorts of sc limentation
_analysos,  ihe accuracy of these testings esson-
,aiig is a fgg 'i&h of £h& weight &f t&g $i§§¥§;

: iyif& 8§ ia saal¥§e siﬁg
ﬁ??ﬁgiﬁﬁg &f the single evatns, Examples
H deteruinations of petroaraniic aégga%iﬁfea.f
 deteraination of gratn shape, rsundmness, strgcture
and hardnese, suefaen charactoristics, The neces-
SATY Sample wize it w0y 5 function of the
Rusver af araips

The sauple v, e bR D ptas aep de-
I vy b ¥ ~ 5 : R . A .
lerwinotion of i A SR T Gratity,

N LI U S P . . +
WICIE ot nt, et - VLaut s, fke

e




Exvression of tha resub b o taigad e

geterally

require some sort of Titustraton to rob e coipartson
4

easicr, The actheay iy wUY L Jna by result in
& row of numboys, "hosg voomhape hping Crrrelated he-
cause of the methods appiied.

Statisticad troatuent
of these thoyefore are at beot

dxtremely difficult,

The mothods in group Il can bo illustrated d 2ither dia-
gramatically or schematic., The statistics connected
to these procedures ave straight forward once the nup-
- ber of gr:%n; is known, Usually these wothods are one

- : ' Of eourse 1t 1s passible
%a; a?&@; bat t%ﬁ e§§c¥§§i§&s t§~

the aiatiitit&t %Eﬁ%ﬁﬁéﬁﬁ Qf taﬁsg.

,?&3 é&taiteé piaagigg of the quality control has to
'fiﬁ%tuéa éefsaiziaa &?ytﬁg‘tgrmg at waigg z&e differvent

one anaiyii; per éay.




6.

100/250 we and 250/600 .

Con “i}tlﬂ’

Qur cowpiny = v lucre gy Y diTferenr cand asd gravel
products at throe Jifrer ot pits, the m.for one being
Nymolle Stane Industries. The produits ave graded ac-
Cording to a s scale neasured in square holes. Sand
Is sold, washed or unwached, gradcd 0/2 washed, 0/4
washed, 0/4 unwashed, 0/8 unwashed, 1/4 washed. Stones
are sold, washed and mainly naturaily rounded in the
following gradings: 4/8 wm, 8/16 wum, 16/32 ma. Un-
wvashed stones are qraded: 32/48 wn, 22760 wm,70/100 ww,

iy e are ﬁs%%igg *t?<§ﬁ§ &V§§s
is ta&ﬁg éfrezi fron tké fac















