
AP42 Section: 

Reference: 

Title: 

11.19.1 

2 

Production Of Sand And Gravel 

S.  Walker, 

Circular Number 57, National Sand 
And Gravel Association, Washington, 
DC, 1954. 

EPA
Text Box
Note: This is a reference cited in AP 42, Compilation of Air Pollutant Emission Factors, Volume I Stationary Point and Area Sources.  AP42 is located on the EPA web site at www.epa.gov/ttn/chief/ap42/

The file name refers to the reference number, the AP42 chapter and section.  The file name "ref02_c01s02.pdf" would mean the reference is from AP42 chapter 1 section 2.  The reference may be from a previous version of the section and no longer cited.  The primary source should always be checked.




I 

' 
I I 

~ - 

1 I: SAND AND GRAVEL 1 PROCESSING '.I .f AP-42 ,I 
~ S e c t i o n  8.19.1 
1 Re ference Number 

2 

CIRCULAR No. 57 

J .... . i l  i 

Production of 'Sand and Gravel 

BY 
STANTON WALKER 

Authorized Reprint from copyrighted Journal of Arnerioin Concrete Institute 

V. 26, No. 2, Oct. 1954, Proceedings V. 51 

N A T I O N A L  S A N D  AND GRAVEL ASSOCIATION 
I 3 2 5  E Street, N. W., Washington 4, D. C. 

October, 1954 



Title No. 5 1-7 

Production of Sand and Gravel* 

By STANTON WALKERt 

S Y N O P S I S  

(I) devellqinrcnt of deposits, (2) trn1lslmt:rti"" t o  the p h t ,  :md (3) pro- 
Pruiluctioii of sand and gravel is discusscd under bhrcc m:iiu groupings: 

ceasing. BricHy detiiiled m e  prwl>entiug m d  exploret,iori, exnwi t iun ,  2nd 
trsnnsporsirrg methods. Dcscrihed in mmc detail arc processus ior washing, 
clnssif)-ing, removing deletevious impurities, mid <:rushing ovcrsired inatcrinls. 
4 list, of :i2 sdeetcd rcfcrences eomplctes thc report. 

INTRODUCTION f 

Sand and gravel are consolidnteil grmular mat,erials result,i.ng from the 
natural disintegration of rocks. They generally occur t,ogether, variably 
proport,ioned in widely available deposit,A,, Their product,ion consists of 
extraction, transportation to the plant, and processing-the latter gencrally 
inalnding washing, screening and ot.hcr\I-ise classifying to  size, crushing of 
oversize, and the climinlhon of dclet,erioas impurities to thc extent practicable. 

Sand and gravel occur in a wide v:triety of deposits both above and below 
water. These deposits may consist of hanks, pits, or the beds gf streams, 
lakes or &her bodies of rrnt,er. The banks and pits may extend below the 
\\-at,er level. Sand and gravel originate from the xveat,hering of rock and it,s 
transportation by ir:it,er. It may come from material ~lcpnsitcd by glnci;ttion 
or from residual materials broken d o n  in  place or from R combination of 
these: Consequently, mineralogically they :we what,cver their parent rocks 
\rere. The type of the deposit and the nature of the material in  it dictates 
an extremely wide range in mct,hods of production from extraction through 
f i n d  processing. 

A first, step toward the production of sand and gravel is a detailed exploration 
of the selected deposit to  determine characteristics and quantities of material. 
The snnd and gravel should be examined :IS to  mineral composit,ion, qwantit,y 
and nature of impurit,ies, soundness) strengtli, and size :tnd grading. The 
question of whether or not t,he material can be economicidly produced to 
meet the requirements of applicable specifications is one that can he answered 
only hy sound engineering judgment,. lxised on experience conpled vit,h a 
c:trefril surrey of the deposit and the need for its prodncts. 

*preDore<1 nt the retzoest "i and for the information of ACI Committee 021. h.Yle4nfc Selection, l',CpRlltiO,, *"<, Hnnrlimc. Iloee,"o<l by the Institute SeDt. 9. 1952. Title KO. 51-7 i8 h PU't "1 r"pyriz1,ted .,<,",,S*L os TllE 
A ~ , ~ ~ ~ ~ : A ~  C a u c a ~ r ~  1xmm;r~. V. 26. S o .  2, O c t .  1954. Procrriinrs v. 31. Szpnrnte nrintr arO zu:Lilrhle at 
50 eerlts enoh. Dircunion (conk? in bidicafe) slmuld reach-the Institute not Inter than Feb. 1, 19% ~ d d ~ ~ ~ ~  
182fja \v. IleSicholr l t r l . ,  Delruit I D .  Xich. 

+\lember ,\mericrn Concrete Ioslitule. Director of x"ginoerin& Ndtiollrl Smd 31nd Grlvo, Ass,>., ,Vn8hi"&", 
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This short paper on sand and gravel product,ion permit,s no more than :I 
brief discussion of fundament:il principles. A comprehensive treatment of 
the subject is impractical except in :L work very lmml in scope. The liter- 
ature, while considerable, has not been well correl:ited. It is hoped, however, 
tha t  this statement of fundamentals together wit,h references to sources of 
information vi11 serve a useful purpose. 

PROSPECTING AND E X P L O R A T I O N  

Sand and gravel deposit,s, by the natnre of their occurrence, are cvnlriat,ed 
as to  qnant,ity and q d i t y  only Iiy p:iinst:iking explorat,ion The cxplorat,ion 
falls in tvo  parts-a prcliminary one lo estim:ite t,hc extent and general 
nature of thc material and, if t ha t  is promising, it detailed ouc xhich will 
not only furnish reasonably accurate information as t,o qriantit,ies :iv:iil:ilile, 
hut also as to the qii:ilit,y of the m:it,erial. 

Tnform:it,ion 
available from state topographic, hyilrrilogicl and peologie:il survcys, and  
from ot,her federal and st:tte government agencies oft,cn is of considerslile 
value. Ootcroppings, visible deposits under wtiter, a n d  misccl1:incous iivail- 
able cxcavations should be exnmined. ltecent ilcvclopmcnts in  geophysical 
methods offer promise for rapid preliminar.v surveys. Resistivity methods, 
which indicn,t,e changes in  composition of undergrorinrl strata liy differences 
i n  electrical resistance, seem most :ipplic:thle. 

Before any final nnsmer can be srxiired, esplor:r,t,ion mctSroils mnst, he used  
which provide representative samples. The  re1:itir.c amoiints of sand m i l  
grurel must he determined and evaluated in the light of market demand 
and specification requirements. Grading of t,he material must, lie examined 
to  determine if specific:tt~ion requirements can he met, economically. The 
nature and amount of ~lelet~erimis m:tt,crials and the feasibility of their 
economical removal must lie studied. The problem is compliaatcd Iiy the 
inherent lack of iiniformity of many s:rnd :mil gravel deposits due to  the 
natnral processes by whieh t,hey were formed. 

Exploration methods \diich permit securing representalive samples from 
land deposits include tcst pits and trenches, driving of pipes and excavation 
of material from the pipes by special hiickct. or other means, earth niigers, 
churn drills, and other procedures for getting a cross section of the material. 
For underwater dcposit8, dredges, both piimp and Ixliler, cranes and buckets, 
draglines, and similar straight,forwartl dcvices are used. l’hcre itre no 
short-cut met,hods. 

There is relatively lit,tlc literature tlcaling directly n i th  prospect,ing :mil 
explorat,ion for sand and gravel. I n  1932, . J .  I t .  Tlioencn of t,hc U. 8. l h r e a u  
of Mines prepared :i 50-p:igc discussion of the prolilcrns as :L whole.’ Ire 
discussed, in somewhat gencral t,erms, the occurrence of sand and gravel 
and the various methods of exploration applic:ihlc to different types of 

There are n mrie ty  of npproachcs t,o preliminary cxplorat,ion. 
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cleposits. l‘hc paper is out, of print I x i t  shoiild lie :i\.:iil:ilile i n  mnny t,echnif::il 
libmrics. 

A sympoiiim on prospecting was Iicld :it t,he 1950 : i n n i d  meeting of t.he 
Xation:il Sand and Gr:ivel Assn. I<.. Wondivard Moore of t,he liiiresri of 
l’ulilic 1to:iils discussed geophysicd methods of su1isurf:icc csplor:it.ion :mil 
gare :I select,crl list of rcSerenccs to the 1itcr:itrire.’ lbpcrienccs of mcmhcrs 
of the indusl.ry \vit,li iugcrs, :iil:iiitations of ivcl1-clriIling cqiiipmcnt, rcsistivit.y 
methods, :ind in iin(ler\r:it,er explor:it,ion are described in references 3. 4. 
illid 5 .  

General informnt.ion on prospecting map hc found in  t.lie Hiirean of Rechi- 
niation Concrete ? I l n i ~ i r a l ,  in t,hc Amcricnn Inst,it,iite of Mining ICngincers 
[inblic:it.ion. ltidii,sLrial ~ l l i n c r d s  arid /2oclis, p:irt.icul:irlp the elinliter on  
“Sand and C:r:ivel,” lip l h r  Xordlierg16 :iirrl in the r\mcric:in Society for 
Testing hlnl.crials 1948 Sympo,siicm U I ~  il!iiieral il!/yreydes. p:irt,ici:l:irlp t.lie 
i:li:iliti:rs on "Distribution of h.Iiner:il Aggrcgntcs,” lip l i .  I{. \\‘nods,’ :ind 

1 roihiction :mil M:inuf:icturc of I’inc and Chirse Ag:grcg:it,cs,” lip N. C. 
Itock\rood.8 
I ‘  > 

DEVELOPMENT OF DEPOSITS 

Excawtion of ni:iteri:il from the deposit, is the  first. step in pmduct~inii. 
‘or h n k  :ind pit. deposils alio\~c the w:it,cr l e \ d ,  esc:iv:Lt,ioii is orilin:irily 
hy power sliovel, ilmglinc, drag scr:iper, or s1:icklinc ealilc\vay. l<:irt,li- 
moving, tr:ict,or-comliin:ition machines sometimes :ire i tsci l  in slialloiv 
dcposit,s. \‘:irioits methriils, inolriiling light, Ihstiop, arc rised t,o Iirctik doxn 
the face of t.lie pit or h i k  t o  m:tke the mnterial more i:onreniciit,ly :iv:iilnl,le 
for eso:ivatinn.? 

If it, is light, and sandy, 
it, may be cscnv:it~crl along !rit,li the s:inrl and gr:ivel :ind removed in t,hc 
processing pl:int. I f  it, is ha:tvy, it, slioiild be st,rippctl :ihc:id of t.hc esc:ivnting 
operat.ion. ’I‘he s:inie, or simihr, equipment m:iy lie iiscd for stripping :IS 
for exo:ivation. 

Dr:iglines :ind c:ilileiv:iys mn), also be iiscrl t o  cscav:ite helow (.lie water 
Icvel i n  \vet I i i k  ant1 shallo\v st,ri::ims. I~Ionwer, i f  the n:itiire oS tlic 1nzteri:il 
:ind tlic qiiantit,p of \v:it,er pcrniits, it is corninnti pr:iatice t.o use suction dredge 
piimps. Aftcr a pit, is opened, btie dredge m:iy be iiseil to cscay;it,c the nbovc- 
\niter mnterial :is wall, it. Iieing brokcn down into t.hc wit.cr Iiy iindcr-cutt,ingI 
by light. bl:isf.ing, or by ot,licr means. 

The  suction 
dredge gencrdly delivers the m:iteri:il directly t o  the processing plnnt on 
l:inil, or . i t  m:iy piimp t,o :i simp from which the  m:itcri:iI is piimpcrl again. 
I,css frequently tlic matcri:rl m:ip he pumped to 1,:irges in which i t  is trans- 
ported to t,hc processing pl:int, 

The  I:idder dredge is iiscd for deposits which are too consolidated or too 
c:onrse for sriction dredges and for other reasons vhich m:iy lie dict,;ited Iiy 
economy of operation. Sometimes I:iddcr dredges deli\.er the m:iteri:ils 

M o s t  Innil deposit,s arc covered lip o\~crhiirden. 

For mnrinc (1eposit.s both siiat,ion and  ladder dredges :ire used. 



168 JOURNAL OF THE AMERICAN CONCRETE INSTITUTE October 1954 

direct to Ixirges for tr:msport:i,t,ion t o  processing plants but,, niorc frequcnt,ly, 
except in large wet-pit opcr:itions, the proccssing pI:int is on thc same hull 
as the drcdge. 

1Cxcav:ition is also done with crane m d  bnciet ,  with dippcr drecdges :ind, 

infrcquent.ly. l)y hydr:uilic sluicing. l’:xca\ut,ion mct,hods iind exc:iv:iting 
eqnipmcnt nscd for protluct,ion of sand and gr:ivel :ire t,llosc common in the 
mining field, and arc ext,cnsively (lcscri1)ed i n  the lit,criitiirc. ‘Tho m:ig:inincs 
 it and (2:carrye and kock  /3roduct,s’o p:iy part,iciihr :it,t,cnt,ion to sand :ind 
gravcl production and almost any issue will include descriptions of one or 
more opcr:it,ions. Another 13nrean of Mines publio:it,ion I)y Tliocnen“ on 
developing sand :ind gravel deposits, w i t t e n  i n  1933, de:ils with exc:iv:ition 
from ditrcrcnt t,ypes of dcposits :ind gives rcfcrcnccs to ilcscriptions of R 

number of specific opcmtions. 
The Pi1 afid Qiiarry f lnf idbook‘z  includes comprehensive chnpters on 

dredging, stripping, pumping, and cxc:io:iting pertinent to :my considcr:it,ion 
of  recovery of ni:itcri:ils from selected soiirces. Information of a more gcnerul 
nat,iire will be fonnil in the papcrs by Xortl1)crg6 ani1 Roi:k\rooilR previonsly 
c i te4  Tlicrc is also iniich general information, pnrticularlg on dredges and 
pumps, in Tagg:irt’s llandbook o j  ilfinerrrl Dr 

’ 

TRANSPORTATION TO PLANT 

After excavation t,he material must be taken to the proccssing p h t .  
Sonic of the mct,hotls of  cxcararion incorpor:ite mcthotls of tr:insport,:ition 
t,o the pl:int-:is the suction drcdgc, t h  eart.li mover and, somct.imcs, tlic 
cnlilcw:ty scr:ipcrs. For undernxter deposits, hnrges m;iy l,e lisi:d t u  t.r:ina- 
.port. unprocessed m:iteri:il from dredge t,o pl:int :ilt,liough more oftcn pro- 
cessing is done on the dredge. When shovels, draglines, or similar equipment, 
are nscil, indcpcndent. mcans mnst he provided. ‘I‘liesc inolnde niirrow nnd 
st:indard gauge ra i l rods ,  trucks (of all kinds and up to  :ibouI. 20 i;:i yil 
c:ip:icity), and belt conveyors. R i c h  niethotl has it,s plncc :ind i t s  ccononiic 
arlv:mt:igcs, depending upon the n:it,urc of  thc  deposit,. 

‘rransportntion from point of cxcnv:ition to  the processing plant is some- 
times donc in  t,wo st:iges-:L “siirgc pile” being introilncccl I)et\vecn the t,rvo. 
In  the case of :i dredge p i m p  opcr:it.ion> m:ttcri:il may lie pnmpcd to :i snmp 
and pickctl 111’ by :I Iioost,cr primp for transportation t,o the pl:int. I n  the 
case of i i  land operation, csc:ival.cd m:itcrid may he t,r:insporteil t.0 a st.iiragc 
pile (snrge pile) by :I seleot.cd niciins and  then conveyed from tha t  pile by 
:my ot,hor selected mwns,  gcnclally :L l~d t , .  This int,ermcili:it,a sf.nr:Lgc serves, 
among olhcr t.hings, t.0 kicilitatc mnint:iining it uniform feed to  the plant 
by divorcing it, from complct,c dependence on t,hc rnte of cxc:ir:it.ion. 

1 he chnptcr on “Int8r~pl:int  ‘l‘ruisportntion” in t.hc 1’il ( i t i d  Qrinrr,y I/a?td- 
book‘? t.rc:its t,hc scveral mcthoils in  coiisiilerahlc detail. T:iggart’~ ulso . 
deals with tl:insl,ort.:it,ion, including some inrorm:lt.ion on costs, ani1 t.here 
is general inforniat.ion i n  the prcviorisly cil,cd works of SordlicrgB :ind 
Roi;knvoil.8 

,. 
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PLANT PROCESSING 

, Plant Imcessing inclodcs \v:ishing, scrcening mil ot,licr\visc clxssifiying 
t,o size: crushing of vcrsizc, and thc rciluction of deletcrioiis irnpiiri1,ies t o  

gcncrally win be w:i,shed out. s:rtisf:ict,orily. Sizing and ehssifyi ng ciin he 
d i m  wit;h considcr:ilh soorir:iay \vit,liin t,he liniit,s of t,hc sizes :iv:iilahlc, 
:ilthoogh costs arc grc:it,ly increased i f  it is neccss:iry to wastc mnch m:itcrial 
or if too n rmy  or too close separations, particii1:rrIy in thc  sand sizcs, arc 
rcqiiirerl. Ileleterioiis matcr ids  may bc redricetl, I ) r i l  therc is :I limit, Ixyond 
wliii:h such opernt,iorrs :ire ncithcr fe:isihlc nor cconornic:il. 

1 he proccssing p1:int esscnt,i:illy is :i sirnplc eomhin:ition of conveyors, 
screens: cnishers, \wshing antl classifying cr~ui1micii1, and st.orngc :ind load- 
ing f a c i l i d  i\ny at tempt  t,o i11iist,r:it,c :& typical one or to show a t.ypic:il 
flow shccl, iwuld Ix mislcailing. Thc I h n t  inmist. be t,:iilorcil to suit. the 
ilcposit :mtl thc nxrrkct. I n  thc sirnplc case of n I:ind deposit: :I p1:int might 
consist of t.hc folloii-ing clemcnt,s: 

1. A hoppcr, or cqiiiv:ilcnt., t,o rcixivc m:it,cri:il tr:insport,cd froin the 
deposit or surge pilc. Gencr:illy t,his hoppcr will he covered with a “grizzly” 
of pamllcl I>nrsl or crpivalent, tu screen ont  boiildcrs too lnrgc to hc h:indled 
1)y t,he phnt-in innst, cases :i relatiaclg small proportion of casual in:iterial. 

2.  l h t n  this rcaciaing hopper the m:it,eri:il will p:iss t hough  :i gate, 
controlled liy a L‘fccilcr,.” of Irhich therc :ire niinicroiis dcsigiis, t o  n i:onvcyor 
on which i t  is carricd to  the  t,op of tlic 1hnt on t~u the scdping scrccn. A 
hclt conw:yor is gcncrally t,hc most economical. Ihcke t  clco:it,ors 11:ivc hccn 
riscd antl :ire st,ill usail Init lcss than in 1 . 1 1 ~  past. Skip hoist,s 1i:ivc been used: 
Imt spr ingly .  

3 .  ‘I‘lre scnlping scrccn scpiratcs ovcrsizc mntcrial from thc  sm:illcr: 
ni:irkct:ililc sixes. 

4. 3t:itcri:iI p:issing the si::ilping scrccir is fctl into n Ixittery of scrcetis, 
cit,licr vihrat,ing or rcrolving: the nnmhcr, sizc, iiiid arr:irrgcnient of which 
will depcnil on thc sizcs and nriinher of sizcs to  be rnulc. \\‘:it,er from sprays 
is iirtrodiii:cil from t,hc ticginning ani1 is :tpplicil t,hroiighout t,hc scrcening 
opcration. From t,licsc screens the dilkrcnt sizes of gravel will he disch:trgcd 
int,o I)ins or on to  conveyors for tmnsportation t,o stockpilcs or, io some 
o:iscs, t,u I:rrishcrs m i l  other scrcciis for frirthcr processing. ‘I’hc sand p:isscs 
t,o classifying and ilc\\.;&tering equipment, nnd from tlicre to hins or stookpilcs. 

.5. Thc oversizc from thc scalping scrccn II:ISSCS t o  t,hc ernshcrs-thc 
size, niinil)cr, and :irrnngcmcnt of ivliicli. depends upon t,hc qu:inl,it,y and 
n;&t,orc of t.hc mat,cri:il t o  hc i:rushed. 

6. Criislrcd maCcri:rl may hc rc-clcwtcd t,o the wilping scrccn mtl,  hence, 
througlr lhc plant or it m:iy I)c sihjcct.cil to :in indcpenJcnt. screening :in<[ 
sizing opcl;it,ion. Which priicciliire is i ised will ilcpcnd iipon whct,licr t,he 
crrishctl m:itcrial is s:dnhle :is i i  scp:ir:il.c prodlict or mcrcly rcprcscnts :in 
cconoinic:il disposit.ion of urcrsizc. I n  soine c:ises, thc crushed gr:ivi;l is uscd 

169 
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lhe estciit. 1x:ictic:il. 1 Tmpuiitics :; n : Iriclr :ire solnhlc or siispcnclnblc i n  m t e r  
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for blending with n:itural gravel t,o meet specific:itions which piit, :i minimum 
limit on qi imti ty  of crnslicil particles. 

Washing 

\V:rsliing and sizing of s:ind ani1 gravel arc :ilmost, :il\rays done simiil- 
t:ineorisly. \V:it,cr is needed for elticicnt sorccning and, of course, is esscnti:il 
t o  \r:itcr c1assific:ition. Accordingly, \rliether or not washing is nec~lcrl, \r:itcr 
is introduced int,o t,he sizing operation ii it is :iv:iilablc. Dry sizing, in\.olv- 
ing screening a n d  iiir sep:ir:it,iiin, 1i:is I m n  used in soma i::ises where \\.:iter i s  
scarce. For s:inils ani1 gr:ivels containing Iiinscly :rdhering :ind re:irlily 
solnble or suspenilnl)le impurities! tlic miniinitin amoiint of \r:iler reqiiircd 
for sizing is.:ider~ri:it,e for nxsliing. 

Ho\vcvcr, ni:iny sands :imI grirvcls contain clay, m i d ,  iniirll~:~lls, :md 
organic inipiirit.ics firmly cnnngh :itt,:iched t,o require tlrorough \r:ishing :ind 
scrnb1,ing. Depending upon circumstances, :Idequate washing will resnlt. 
from t.he follo\ring, listed (riiriglily) in nrtler of ini:rcnsingly rlifficirlt, wmditions: 
(a) pumping m:it.cri:il t,o t,lie p1:int; (I,) introdiioiiig enoiigli-water t , i i  f:icilit,:it,c 
screening; ( c )  providing :idcqiiate spr:iys on v i lmt ing  or rerolvirrg screens; 
(d) p:issing m:itcri:il t,hroiigIi speoi:il sections of re\~olving screens in tlic 
presence ni coiint,cr-fliininl: Iiigli-vclocit,y \vnt,cr; (e) s:me :is ((I) except t,h:it,. 
in clTecl., t,he revolving screen is "lilinrlctl" (gcncr:dly c:illed a scrubber) and: 
perhaps nlso equipped wit,li abraders in the form of clinins or Ixills; nnd 
( f )  p:tssing thrniigh screws or log \r:islicrs. 

In  short,, t,lic problem is I.o grind t.hc sand :ind gravel l,oget.hcr in t,he pn:- 
sence of :icleip:ilc water \rhich i s  rcpl:iced freqiiently enough to carry nn?~y 
the  impurities in suspension or  in solation. A rorigli: rirrler-of-ni:ignit,ii(lc 
rule is t h t  :i niininiiim of i i lmi t  10 gd. of \r:itIcr per min is reqiiircll for e:icll 
ton of m:iteri:iI protliiced 11er hr  ((;no g:d. per t,on). ' I 'h t ,  is t o  siiy, a plant, 
producing 50fi tons of s:ind and gr:ix-el per hr  (moiler:itely 1:irge) would 
require :ihout 5000 gal. of \\.:iter per min. 

In  gcrreral, \v:rsliing prcscnt,s no i nsurmounl,:hle ol>st,:icll:s, nlt,horlgh there 
are exceptions. 'I'nggart" :rnd the l'il aid Qii t ivy Ilo11dbook" describe t,hc 
various processes in consi(1er:ible t1et:iil. Occnsion:illy, organic impurities, 
as revc:ilcil by t,he colormct.ric test,, :ire so firnily attachctl and in such form 
that t,licy cannot, be removed hy \r:isliing. The dnm:lgc that. t,hcy ciiilse, 
if any, h:is not hccn \\-ell dcmonstr:iteil. There is evidence that early strengths 
may he redncecl s o m e v h t  hut th:it. later strengths :ire rcl:ttively iin:tftect,ed. 
Screening gravel , 

The efficient use of screens is restrict.ed to tlic coarser sizes: generally allout, 
%-in. openings or larger :ilt.Iioiigli, inireqnent,ly, sizes :is small as Xo. IO- or 
So .  20-mesh are nserl. T h o  scalping screen, t.hrorlgh wliidi the rliw niatcritd 
is introduced t,o thc plant,, m:iy he ii  gr:ivity screen (perh:ips only :I "grizzly" 
made of stcel lxirs). ii revolving screen? or :i vilxiting screen. I t .  removes 
oversize materinl \rhich is cliscardcil or diverted to  a crusher. ' h e  iindersiae 
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from the scalping scrccn, or from one immcdi:it,ely following it,, is then pro- 
ccssml through wtrious scrccns to produce gravel of rcquired sizes and to 
separate the snntl. 

Scrccning of grnvcl ;ind tlic crushed ovcrsizc presents no special prol)lcms. 
\:ibr:rting scrccns itrc used in thc vast m:ljorit,y of CRSCS, :ilthorlgh revolving 
screens, either conicnl or cylindrical, :ire snmct,irncs indicated Ix:c:lnsc of 1,Iieir 
:aid in c1e:tning t,hc ma1,crial. Rcfcrcnccs 12 and 13 (Pit  and Quorrg Ilarzrlbook 
:ind ‘I‘nggart) prcvioosly cited contain csccllent information on screens as 
:ipplicd t,o gr:ivel. 

1 he range in sizes from nominal niinimii t o  nominal masima, togetlrer 
with feasilile tolcr:inces for over and nndcrsizcs, arc \\-ell orit.lined in Sinipli.fierl 
I’ruclice I~ecor,zrneridntioiLs for .  S i ze s  of Corirse ily!/regutc promrilgatcit by t,hc 
li. S. Dep:irtnicnt. of Commcrcc.’4 Closer sizes ;ind t,nlerances arc not. eon- 
siderccl to offer advant,:iges i:ornmensul.ntc \rit,h thc grc:it,ly incicascd cost. of 
processing. The Sirnplilieil 1’r:icticc Rccommcnd:itions form t.hc lxisis for 
gr:iding sliccific:it,iiins for coarse aggregate promu1g;itcd liy t l ~ c  Amcricnn 
Snciet,y for Testing Mat,cri:tIs, thc nicriixn :\ssn. of St,:tt,c I-Iighn.ny Ofiai:rls, 
mnny state highway dep:irt,ments, nnil other :tut,horitntive :rnd icprcsent:tbirc 
sliecilii:at,irin-\\,ritirig bodies. 

It, should IJC pointed ont t,hat. proccssing scrccns and test,ing sieves do not 
I1:ir.e t,lic s:imc clc:ir openings for  :I gi\.en nominnl sizc. Testing sieves have 
siliinre openings wit,h wirc dianict,er :mil c h r  openings conforming to nni- 
v c r s n l l ~ ~  ;icccpti:d specific:it,ions.’5 I’rocessing screens may hc square, rcc- 
t,:ingiil:tr, ronnil, o r  of ot,hcr sh;tpe. Thcy m;iy lit: nr:tde of \vo\xm wire or 
pcrfiir:itctl p1:it.e. The  only limihtion on size or sh:ipc of opcning of any 
proccssing scrccn should lie t,li:tt, for t,lrc n:itiirc of feed, conditions of loading, 
slope, :mil cap;icit,y, it, proiluacs thc sizc rcrluircil. For  cs:mplc, a I-in. 
round opening scrccn in the plant may producc m:tt.crinl which, subst~:1nti:iIIy, 
h;is i i  m:isimiini siac of in. ns mc:isnrcd liy st:ind:ml testing sievi:s where 
sieving is t,o “refrisd.?’ Sirnilnrly, i i  p h n t  scrccn with sfliiarc opcning of  
:ilioiit, in., or Inrger, [nay lie used to insurc a noiniii:il lo\\-er sizc of :il>out 
Xo. 4 :is nie:isiireil hy t.csl.ing sicvcs. 

Classifying rand 

C1:issitic:ition of s:tnd its Lo size presents :I ni:tjor prolilem in t,he prodnot.ion 
of s:inrl : i d  gr:tvcl, S:tnd gmcling, :IS it, nlrects concrete qu:ilit,y, is inorc 
criticnl th:in gr;ivcl gr:iiling : m I  t h i s  is p:irt,ii:ulnrly trnc f n r  the Icancr miscs. 
The sop:tr:ition of s:ind into ilitfcrcnt sizes iloes not, rcprcsent :t st,r;tiglitfor\\,:ird 
scrccning opcr:ition :is i n  tlrc c:ise of griivel. In  general, scrccns arc usefill 
only t,o sc1i:tr:ite the sand From (.he gravel :ind to makc rciluirctl sep:tr:it,ions 
conrscr t h i n  aliont :I 20-mesh sicve. From t,h:it, point, on, sizing is gcncr:illy 
1iy water f:lnssific:it,ion’6-:tlthough, :is pnintcd out  earlier, screcns, Iioth \\-et 
:tnd dry,” and iiir scpmitors  a,rc sornctimcs Ilsctl. 

In t,hc vast in:ijorit,y of C:ISCS t.hc sizing of s:incl consist,s only of scp:lr:it,ing 
i t  from t l ic gr:ivel :ind de\\-:ttering it in snclr :I m:inner as to retain, so far 

,. 
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i ts is fensihle, :in :tderliinte :nnoiint of the liner sizes, geircr:illy those finer 
than :I No. 50 sieve. For that, purpose there is :I wide \m-ict,y of settling 
t,:inks ani1 ilc\4ccs for recovering 1.hc siiiiil :ind 1c:ivirig h e  \mt,cr bcliin<l. 
For csainple, :in i i i c l inc i l  scrcii- conveyor in :i suit: ible t.roiigh, with :in :qiron 
nverllnw :Lt, (,lie lower entl, is frequont,ly referred t,o :IS :L scrc\v chssifier, :L 
screw uxsher, or i i  s c r w  ilc\v:tt,ercr. 1 Ire s : m l  clmg, rake cl:tssilicrs, I1o\vl 
clnssilicrs, ilc\\atering wheels, and otlior ~11:viccs for removing s:ind from 
water, wit,h :L ininirnoiri of t,rirI~iilcncc to retain the fines, all :iccomplish :tIioiit, 
the same piirposc. 

C~ei~er:tlly, t he  n:it,ur:il gr:iding of t.hc s:tnd is such t h t  ciitircly s:Ll,isf:icI,or.v 
rcsu1t.s wi l l  come from t,he relat,i\-cly sinililc classifying methods referred t,o. 
Somet,imcs, Iro\\-ever, for hest. rcsult,s more cl:ihorat,c metliods :ire req:iired. 
'I'he most. ari~.liorit.:it,ive t,rc:itnrcnt,s of f.lie gcner:rl pro1)lcin of sand cl:issili- 
c:ition :ire by S h n ~ v ' ~  iir his hiok on s m d  sett,ling :ind de\-ices for  settling 
:tnd classifying s:ind, ~iriblisheil 11y l2ock Prodiir :mil I Iock \~oo i l '~  i n  his 
Iiooklct, on screening tine m:it,cri:ils, iilso pril~lislicd I>y I<ock I'voducbs. 'I':Lggnrt,'a 
treats hy~lmulic  d:issilicntion :is applied to t,he mining field i n  coiisider:ible 
ilct,:iil. 'I'hc Pit at id  Qiiarvj, Himrlhook" inchides :i ivcll r ~ ~ u n ~ l c i l  i:li:ipt,er on 
"Screens: Classifying and \\:ishinp." 

1 he miist  omin in on (lifficiilty, p:irt,iciil:irly in \\~:iter-t,r:~rispi~rlcd mnt,cri:ils, 
is t,he :ibsencc of fines. 111 ni:iny mses t h t  dcficieiioy liiis heen qip:trent 
d y  :inti hns rosull~ctl From ineflioient, de\r:i,tcring tnctlrods or for other rcnsons, 
inclinlinp loss of finc m:tteri:il (luring dredging opcr:itions. Obviously, i f  
the tines :ire in  the  deposit,, the  solut,ion t,i) t,Iii:ir :tl,sencc in the finished 
~n-odui:t~ lim ii i  rcvising processing mct,hods. 

\\hen the fines :ire not. :iv:til:iI~le, t,lie sol~ition is t,o lilenrl fine mnt,eri:tls 
from other sniirces (frcqiicntlg this can I iest be done at t.lic 1i:itcliing plant)  
or from crushing larger sizes. Not, enough cspcr ie t i~ :~  Iias I m n  Irad wit.h 
crushing larger sizes for supplying fines t.0 ~i:~t.iir:iI sand to  permit. rlisciissing 
the ~ ~ r u l ~ l c i r i  iii specific t,crms. T h c  tnilings from cri:shcrs i n  gciicrnl, and 
from imlxict crushers in pnrticrilar, have proven helpfril. I t o l l  enishers Imve 
been nsod t ~ r  rerhice t.he sm:iller sizes of gravel, hit not with \videspread 
siici:ess. Considcr:tlilc SIICDCSS has Ixen hail ivith lxtll mills in grinding sand 
to  finer sizes. Roil inills 11:ivc l ~ec i r  i ise i l  sriccessfiilly :ind econoinienlly 011 

some hrge pnlilia works projects where t,hc said h:i,s l)een ilcrircd eni.ircly 
or principnlly froin the crushing opcrat,ion.'S 
h cninrnoii clclicienoy in the gr:iiling of na,tiir:il s:inds. pnrt.icul:irly those 

\vhioh 11nve Ixen iv:%t,er sort.ed i n  n:it,iirc, is t,he conccirtrnt,ion of an esccssive 
proportion of thc: gr:iins in the intermcdi:ite sizes. It, is prol~:rbly this 
i:iro:iinsl,:incc which has led t,o t,hc rcc~nircmcnt. for csccssivc fines iii concrete 
santl-in an :ittempt t,o overcome, 11y :idditioii:il fines: t,hc Iiarshness and 
tendency to I,leecl resiilt~ing from t,lic high conccnI.mtions in the in1cnncdi:ite 
sizes. 

llcdiicing the  proportion of intcrmerli:itc sizes prcsenk a difficrilt cl:issi- 
fying prohlcin. I-lo\vcvcr. it, ni:~,p 11c :~ocorniilishcil with varying degrees of 

,. 

r .  
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, Crushing 

Cr:irel is criishcd to rcdiicc ovcrsize, sometimes to prodircc :ingirl:ir 
particles :ind, somet,imes, :is discassod above, t,o prodiice the finer sizes rlf 

sand. Another reason, discussed sribsequcntly, is t o  rediice tshc qu:intit,ies 
of s d t  :ihd fri:iblc p:irticles. 

Criishcrs arc diri(lcd inbo five general classcs: (1) j:i\v; (2) gyr:itory, 
inelriding conc; (3) roll; (4) imp:ict, including h:immcrmills; and ( 5 )  viirioiis 
grin(ling niacliincs, including rod mills. All of them find use i n  prodiicing 
sand a n d  gravcl. 

.l:i\v :ind gynibory criislicrs :ire most commonly used :is prim:iry crushers 
for s:ind :ind gr:ivel. Secondary :ind Liter st:igc cruslicrs arc gencr:illy of thc 
gyr:itory or conc typc :ind soinct.imes :ire ro l l s  and hainmcrmills. I t  is diffieiilt 
to gcner:ilize since the probicni of cnishiiig dclrcnds so m w h  ti1ion t.lic s i m  
of prodiict m t l  purpose of crushing. 

\Vhcrc simplc sizc reduction is t,Iic objective, first :ind second st:igc anti 
sornctiines third stngc criislicrs :ire used. I-To\vcvcr, frcc~ncnt,ly, criishing 
o1icr:rtions iiro pcrformcd for the principd piirposc of eliminating soft, 
p:irticlcs or providing crushed f:iccs. I n  such ciiscs t,hc ol,jectivc is t,o do :I 

m:ixiiniim of work with :i miriiiniim of sizc rciliict,ion. \\'hilt :my crusher 
lends itself to this t,ype of operation, with sriitnhle rcgiil:it,ion of sizc and 
nmmint of feed in rel:it,ion t,o criishcr opcning, the impict  I.ype :iIiIie:irs t,o IIC 
best  litteil for it. 

matcrial in t hc  mining fieldl nntl the literetrrre is voliiminous. Fred C. Bond 
a n d  Frank E. IJrilicr’g prcsent.ctl :in infrirmnlivc pqicr  on “I’rinciplcs of 
Cr~rsliing” :it I.hc 1!).51 :innmil inceting of t hc  Xa t iond  S;ind :and Cir:r\d 
Assii. ‘I‘;igg:wt,‘z gives ini:oIi iiiform:it,ion on tlic scvcral t,ypcs of crrisliers. 
The Pit u i i d  QimrqI  I lai idbook’? inchides :L ch:iptcr on “Criishing, Grinding 
:ind S’cp:ir:it,ing” in  \vhich t,hc :ipplio:it,ion of rliffcrcnt, typcs of cnislicrs is 
discussed. TIlcrc  is furtlicr voluminous lit.er:itiire av:iil:ililc~ h i t .  t.hnt. listed 
shoiild firrnisli (.he ncccsmrp fiindsm~:nt:il inforiri:ition. 

Deleterious portides 

f 
E 

, Criishing gr:tvcl involves si:list,:iril,i:iIly the Same p r o l h n s  :is fur an?: 

n 

Among (.he niorc vexing p n i l h n s  of s:ind :in11 gr:ixI prodirct.ion is t,hat, 
It is presented hy clclctcrious Ixirticlcs occurring as impurit.ics in deposits. 
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more pressing for gr:ivcl t,han for s:ind. In general, if :i sonrcc does not I:I)II. 
t;iin Ixisieally snit : i lh ni:it,cri:il, there is litt,le t,h:it, c:in lie done :iboiit it. 
\Vhile there :ire methods \\4rich can he iipplicd to reduce the qn:tnt,it,y of 
m:iny nndesirahle Ixirticles, t,liere is a Ipiickly rc:iclictl liliiit I ~ c y o n ~ l  vhil:h 
siil:h processing is neit.hcr ecnnomic:il nor practic:ililc. 

I'art.icIes considered ~lcletcrions :ire gcncrally cl:issiticd :is: snft  fr:igment,s; 
thin :ind fri:ible Ixirticles; sh:ile; :irgill:iceoos snndstones and  limcstones; 
piirons :ind nnsonnd cherts; coated pnrticlcs; thin :md clong:itcd pnrtiolcs; 
lamin:itctl p:irt,iclcs; co:il; lignite; and other materials clcpenrling 111)un im- 
pnritics prcv:ilent i n  the loc:ilil,y. 'I'licse c:itegorics m:Ly'Ilc fort.lier condensed 
int,o t,wo general cl:issific:itions so fa r  :is iisc in conrxetc is coi~cernc,l-t,liosc 
p:irticlcs i\-trii:h Iirc:ik i l i i ivn with lil.t,le volwnc ch:ingc and those \\.hiell exlxind 
consiilenibly :ind exert i i  clisrriptirc force. 

\':trious :il,t.empl.s h:ive Iiccn m:idc t,ii i levelop processing met,liods for 
reducing t h e  q w n t i t y  of tlicse ilcleterioos 1i:irtii:lcs ivi1.h only miider:itcly 
encoiil;iging results. 11. is self-eviilent, t.hnt, processing t,o s q x i r a t e  selected 
tylies of p:irt,iolcs from the p:ircnt gr:rvel must (lcpen(l on ilillerenccs in strel1gt.h 
and lr:ir~lnr:ss, or in m i g h t ,  o r ,  t,o :I liniit,ed extent., in size : i d  appc:rl;tnce> 
or :I cornbin:it,ion nf thcse. 

Very soft Ifiirticles, such :is mud Iialls and somr: loosely consoliil:ited (:on- 
glomer:ites, m:iy l ie rernorci l ,  or rc~lucc~l  in qn:mt.it.p s;itisfnct.orily liy pro- 
cessing t,lrroiiglr log iwsliers or scriilibers. At least. onc example e311 he cit,cd 
'of a deposit \\-itti the s:ind m c l  griivcl i:omplct,ely cmlmlded iii wlicrc 
t,ln: high cont,ent, of st.icky d:iy is removed satisfxetorily Iiy log \rnshcrt;. 
Nnmcroiis cx:impIcs of fairly s:it.isf;Lct,iiry renio\~:i l of miid I i d l s  mil t,lre 
like by s c r n l ~ l i c r s  of v:irions types ciin IIC cited. In gcncr:il, only t,llc simplest 
of scri~liIicrs :ire iiscd in the iiirlust.r,y. 

I'art,iales such :is those just  iliscussed, \vbilc soft: (lo not, fall i n  t,lic c:Ltegory 
of t,hosc commonly idcnt,iticd :is soft,. ' h e  common category suggests ss11:l- 
r:it.ion Iiy dillcrences in hnrilness. \rliicli has led to the iise of varinns t,ylics 
of imp:ir:t errishers :ml "srift, st,onc clirniirntors.". 'l'hese Iravc heen nsed \\.it,h 
wry ing  snci:css depending i ~ p o n  the  m:it,eri:~l lieing pr~icesserl. .l'lreir nse 
introdnccs :i~ldit~inn:il Iirnlilems: (a) Inevit:ilil,v, :i liot,t.lc ncak in t,he floir 
sheet is prodncctl; (11) \\'h:it sli:i11 he done \\.it11 the criished soft  m:iteri:ils'? 
SII:iII t.licy lie pcrmit,tcil I,o go int,o the s:inil? In nr:iny c:iscs t.h:it. proli:il)ly 
\ ~ n l d  not lie harmful Iiiit in others it might; (e) The ~lu:int,ity of soft m:itcri:ils 
(::illnot, he ~'Cilllced s:it,isi':ict,orily ivit,tioiit,, :it t,hc siiiiic time, Im!:ikirig rip (:on- 
sii1cr:iIilc qri:iiitities of good mnteri:ds; ((I) I3qi1ipmont m:iintclr:incc costs  re 
gerrcr:illy high. 

Scp:mit.ion on t,lie Ixisis of \\.eight, found little :ipplic:it.ion in the gravel 
inrlrist,ry unt.il reccnt,ly. Some simple jigs h i v e  been u s e d  t,n sep:iwte end, 
lignite, :ind sticks. I~cferenecs to the use of jigs for re~nov:iI of slr:lle and  
soft stone :ire in t,hc lit~er:~trirc. 'I':iggnrt.la dcscrilics vwinus t.ypes of jigs in 
some dctltil. .Jigs require :I greater difference in weight than gcncr:illy exists 
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het,mcen t h e  p:irenl, gr:ivel :ind t,he m:iteri:il which it is ! d i a d  t,o remove, 
except for snch m:iteri:ils as c o d  :ind sticks \rhcrc they may he used w i t c  
cficcl,ively. 

1.lc:ivy-medi:i seiyaration (i.e., sink-fioat,), devclopcd in t.hc mining industry 
within the pnst 1s ye:irs, h:is proven successful for miking seli:irntion of 
materials ilifering in specific gr:ivit,y. It, is cl:limed t,h:lt, a range i n  specific 
gravity of :IS little :IS 0.02 m:rkcs sepnration fc:uihlc and that, for :I range of 
0.05, sep:iration can he msdr: q i i i k  re:idily. 

In prinoiplc the process consists of Ho:it,ing out  t.he light\reight materid 
on :I hc?avy “liiliiid” which is formed Iiy siisliensiiin of Iic:rvy ni:iteri:ils such ns 
magnetite, galcnn, or icrrosilicon in 1v:iter. Qu:ut,z sand suspensions have 
Iiccn iiseil for c leming  coal for nxiny yxtrs-thc Ch:inoe process. 1 he mixi- 
iniim specific gravit,y olitainiihle with sanil, aacoriling to ’l‘:iggart.,‘3 is only 
:Illout, I .8. which, of coiirse, woiild not, lie :tpplia:iblc I,o aggregiite Iiroccssing. 
lignin i~ccoriling to ‘l‘:igg:irt,,13 m:ignet,ite will p~”viilo suspensions of swcifc  
gmvit,ies r i p  t,o 2.55 ani1 gnlcn:i :ind fcrrosilicoll np to aliont 3.3 for norm:d 
working i:ondit.ions. 

hlotlern hc:ivy-medi:i processes employing fcrrosiliaon, galcn:~, or magne- 
tite Ii:ivc heen used qiiit,e widely in proccssing Ion-gmdo imn orc, clcxning 
coal, nnil coni:cnt~rnting zinc, fcldslxir, m:ignctite~ mingancsc. :ind other 

C:LSCS of it.s IISC i n  Iirocossing gravel :ire, ns yet.. rel:il.ivcly /‘en,. 
‘The cnrlicst \ r :~s (1escril)eil in the April, 1949, issue of The /3!1qi! iecrf! i~ J o u r . ! ~ d  
(the jonriid ol the  Engineering InstiLiit,e of C:in:ul:i),24 t,lie I)i:cemlm’, IW!], 
issiic of Pit mid Qiirirr!/,2s the Feljruary, 1050, issiic of l h l ;  I’rorllicts,” nnrl 
the Ileccmlier, 1M1. issue of Cii!i/. l$’ru/iticerir1~/.2’ ‘Those :irliclcs dcscriho 
sep:ir:ition of gravel for use in  tho eonst,rrti:t.ion of airporf. runwigs :it Rivers, 
?vlnnit,oh:l, C:tn:id:i. The gr:irel cont,:iincrl i:unsirlel.;il~le qu: ln l i t ies  of shale 
:ind rot,t,cn gr:init,c m i l  it is s:lirl t,h:it, :i s;itisf:ict,ory scp:w:tt.ion wns in;idc 
:it :in est,imatcd opcr:iting cost  of :ihout, 10 ccn1.s per en yd. It, :ilipc:irs that. 
t,his figure ilocs not. inohidi: plant. “\vrite-oIT” or a n y  rop::lty paymcnt,s. 

I-lc;t~y-niedi:i insl;ill:it.ions hiive hccn m:rtle in at. lenst, three commcrci:i,l 
gravel opcrat,ions :ind thesc have :ipp:ircrrtly :iccomplishcd their intcnded 
purli(ise of removing ohjcct,ioi?:rlile light.weiglit constit.rien1.s. Obviously, 
economy :tnd t,hc iiiitiirc and arnonnt. of clcleterious siilist,nnccs \rill limit, to 
rel:Lt.irely fex  t,he plants which can :idv:int:igeoiisly employ he:ivy-merli:~ 
proccssing. Ilisciissions of the :ipplic:it,ion of t h a t  process will be fonnd in 
references 28, 29, :rnd 30. 

“Belt- 
pickers” arc f:lmiliar in t.he indust,ry. Commonly, no more spei:i:ll provision 
is m:de t.lian t,o provide a plilee for n mnn t,o st:lnd or si t  where he (:an reach 
the inoviiig belt,. Sometimes :I picking t:ible, in the forin of :I wiilenerl ani1 
slorrerl-do\rn section of hit: is proviilerl, More cl:ibor:ite devices arc :iv:iil:ihlc, 
hut. not commonly used in s:ind :ind gravel proccssing. h good joh c:m he 
done in t,he rcmor:il of i:crt:iin impiiritics, (clay, dicr t ,  ;ind I:irgc pieces of 
rotten st,onc) Iiy d e r t  workmen. 

,. 
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The efficacy of h:md-picketl methods should not. be overlooked. 
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MISCELLANEOUS 

It should be &:ir from the preceding th:it, althongli only re1:itivcly simple 
proccsscs :ire invol \wl~ t.lie proiliict,ion of s:inrl :ind gr:ivel involvcs possi- 
bilities for  so nxiny :~pprnachcs :in(] coniliin:itions of appra:iclm :is to hecome 
it complex subject. In  :iiiytliing less t,ti:in it comprel icnsi \~ u n d  voliiminous 
t.rcat,isc, only t~hc most gcncl.;tI aspects of the problems can be bnrielied lipon. 
‘Vluxe :we :L numlicr of sabj< s (hscrving disenssion which :ire not, rc:idily 
classified :ind which \rill he iliscosscrl IIricfly in !.his “c:itcli-:ill” inisccll:incous 
section. 

Breakoge in handling 

H:intlliiig ani1 st,ockpiling c:in rcsiilt iii :t grc:itl (leal of niirloing of tlic pl:int 
processing. I3ro:ikagc :ind scgreg:tt.ion may result. in  significant cli:mges in  
grniling. 

Gravels :ire Iie:tvy m:iteri:ils and any handling resr!lts i n  1)renk:ig-e. 
i\ccorrlingly, after screening, w r c  shonld \,e taken t,o minimizc the impnot, 
due t,o f:illing to  the extent pr:ict,ie:iI. Excessively high drops s l i o u l ~ l  he 
:tuoided. \Vhcrc i t  is rin:rvoi(l:ihlc th:iti the cnnveyor disch:irge i s  :it con- 
sideral~le height above t,he point of deposit, hre:lkngc e:in 11-e minimized by 
the use of rook 1:idder~:’~ or ot,licr m w n s  of interrupting t.hc free drop. 
Sometimes 1;re:ik:ige due to Ii:rndling is cnoq$i thnt. rescreening and rinsing 
:ire rcilnircd. It. is not iiiicoininon to  rescreen and rinse gmvel :IS it, is 1o:trled 
irit,o c:trs :mil ot,her uonveyanocs. The liest pr:tatice, however, is to h:in~llc: 
1,Iic~ni:ilerid so llhat, this additional processing will not he reqniretl. 

Stockpiling 

Sand is 
not, frcc from it, Imt, sinco it. is gcner:dly being handled moist, little segreg;it.ion 
is likely to  take place. The import.:ince of scgreg:rtion nf gr:ivel is diminislied 
:IS thc sizes are more closely grndcd. I t  is very difficiilt, almost irnpossihle, 
t,o handle “long” gritdings (Xo. 4 t,o 2 in. for  ex:tmplc) \rit,llorit, I,l,jt:ot.ion:ible 
segregation whilc with short gruilings (% t o  1 in. for eximplc) segreg:it,ion 
\rhich t,:ikcs phoe may be rel:it,ivcly nnimporthnt. 

Aggrcgat,es shnnld lie 1i:indletl in st,ockpilcs and bins in :L manner t,o mini- 
mize scgreg:tt.ion of sizes. “l<ccoinmended 1’r:icticc for Meiisiiring: Mixing 
:tiid 1’l:icing Concrete (ACI 6 14-42)”3’ contains somc ~ ~ : i l u a l ~ l c  sriggest,ions 
for h:williiig m:i,tcri:tls. Reference shorild :tIso I I C  m:tde 1.0 the I3r1re:tii of 
1lccl:lmation’s Cono.ete !l/aniinl :imd t o  t,lie /’it i t r d  Qirnrr!l Iln,t.dbo,ok“ 
clleptcr on “Open St.orage nntl 1~cclam:ition.” 

Reclaiming 

Segregation is :I pro1)leni of p:trt,icul:tr irnport,:incc wibli gr:tveI. 

M:iteri:d in stockl~iles must be recl:timcrl for tr:insport.:ttioo t,o point, of 
me .  ‘I’herc arc niinicroiis types of portable 1o:iders for (.his purpose’? :ind 
i:on\.cntion:i,l cr:ines :Ire :i(l:tpt,:ililc. St,oi:kpiling over :I t , i innel  \rit.h ~ec1:iiin- 
ing IIY be l t  ol‘fcrs many :idv:intngcs including (.hat of t,hc re:iitg I~lcncling 
of dil‘fcrcnl. sizes of m:~tcrials. 
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Production of Sand and Gravel* 

By STANTON WALKERt 

S Y N O P S I S  
I'nxlucbion of s: ird iind gn~val is disr:urs.ed ~ ~ m l c r  t,hrca: i i i i i in  gvoulings: 

( I )  devclogmant of deposits, (2) tl.ansli,,l.t,iLtiOii to the p l : L n t ,  and (3) pro- 
cessing. I3ricfly detailed :we Iwvspeet,ing : i i d  cxplorstion, ~ Z B B Y B I , ~ O ~ ,  nnd 
t,r:insporting nrt:tliotls. 

ifying, removing dalcterions impuril,ics, :~nd crrial,ing ovarxiaod nwtcri&. 
I)cscrilir:rl iii 1rion: dctnil :LIT pro< 

.A list r , f  :i2 X!k!CtL?d rcicrcr1ces <:olnpleles L l l e  re1,ol.t. 

INTRODUCTION 

S:ind :ind gr:tvel are consolir1:itetl gr:innl:ir ni:it,eri:ils resnlt.ing from the 
n:it.nral rlisintegr:it.ion of rocks. They gener:illp occur toget,licr, vari:tbly 
proportioned in \ridel.v :iv:iil:~lilc deposits. 'l'lieir production consisk of 
cst,lnction, tmnsportation t,o the plant,, :ind processing--the I:itter genernlly 
incliding wsh ing ,  screening mil othenrise chssifyiog 1:o size, crushing of 
oxw-size, :ind the elimination of dcleterions impiirit,ies to the extent prautic:ible. 

Sand :ind gravel occur in a v ide  \.aricl.y of &posits both a l ~ v e  and l~c lor r  
witcr. 'I'hcse (1t:posits m:iy consist of Ixinks, pit,s, or t,lic beds of st,rc:ims, 
lakes or ot,lier hotlies of \!.:iter. The  hanks and pits m:iy extend below the 
\\.:iter level. Sand and gl:trel originate from the \vexthering of rock and its 
t,r:iiisport,:it,ion by \rat,er. I t  may come from m:it,crial clcliosited Iiy glaci:it,ion 
or  from residiixl m:iteri:ils Iirokcn (town in pl:ico or from a combinat,ion of 
these. Conse(luently, niinera1ogic:illy they are \rh:rtever their parent rocks 
~rcrc. The type of t,lic deposit :mil the n:rtiire or the m:it,cri:il in it dict:it,es 
n n  estrcmely \vide range in mctho(ls of product.inn from cstract.ioi; through 
fin:il processing. 

:\ first, s k p  tow:ird the Iiroiluct,ion of s:in(l :ind gr:ivel is :i detaile~l explor:it,ion 
of the selected deposit to determine chnr:ioteristics :ind qi1:intitics of material. 
'i%e smd :ind gravel should be ex:imincd :is t o  mineral composit,ion, qnnnt,ity 
:m(I 1i:Lture of impiiritics, sounilness, st,rcngth, :mil size :ind gr:iiling. The 
qiiestion .of \rhetSier or not. the mnterial can be econornicnlly procluced to 
meet the rcquircmcnts of :ipplic:il~lc spedicnt,ions is one t,li:it c:m be ansrcred 
only by sound engineering judgment, I m e d  on experience coi iplet l  \rit,h a 
I::~refnl srirvey of the deposit :uid tlie need for  i ts  product,s. 

*l're,,rrod nt ,110 rOQ"Wt "i and iOi tile inforlllntio" of '\GI Corrlmittee 821, ..iysrcxute Scliction, pre,,rra,ion 
nrl,l l 1 : ~ n c l l i n ~ .  lkceiseil lhy the lnsl l lulo Swt. !I. 1!132. T i t l o  So. i l - 7  is :i parr I O (  m:)yiighlctl . l u u n r ~ r .  08,. T& 
'\.uE,,,c.,s CueCncrF. INITITCmE, v. 21). s o .  2 ,  Oct. 1054, I'rocerdinn. se1,nmto ,>'inla are R""il"b1e a t  
jo e C r l ~  u c h .  Diwviiion lcopie in liipli(de) sliould r-ch ~ h c  Institute not later than Feh. I, 195%. Addre% 
ISPO:I I\-, \ i l:Siuhnls lld.: I > e i r o i ~  I O .  Xlieh. 

+.uember Ameriern Concrete Institute. Director o i  Eegisecring. Sntionnl smd 01111 Gravel Aasm Il'nahington, 
I). C.  

\,. 61. 
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This short paper on ssnd :ind gr;ivcl pr~idoct,ion 1icrmil.s no more t1i:in :i 

klrief discussion of fundnmcnt,al principles. A comprehensive treatment of 
the subject is impr:ict,ical except in :L \mrk \‘cry l>r(i:id in saopc. The litar- 
atiirc, while cnnsicler;ililc, h:is not Ixcn xrell correl:it,cd. I t  is hoped, Iiowcvcr: 
t,h:it, this st:itcment. of fun~l:unent:~ls together wil,li rcfcrcnces to  sources of 
information will scrvc a uscf i i l  piirpnsc. 

PROSPECTING AND EXPLORATION 

Snnd and gravel deposit,s, liy the nature of thcir O C C I I ~ ~ D I I ~ C ,  :irc c\du:it.cd 
as to i1nantit.y :ind qunlity only liy p:iinst:iking csplor:ition The  csplor:ilion 
falls in two parts-:i prelimin:iry one to cstini:itc (,he cst.cnt i i i i i l  gencr:il 
nat,rirc of t,hc mntcri:il and, i f  t,li:it. is promising, :t dct,:iilcd one \rhich will 
not only furnish rc:isionalily :icciir;ite infiirin:ition :is l o  qri:intit,ics :iv;iil:ililc, 
hut  :iIso :is t,o the qri:ilit,y nf t,hc in:it,cri:il. 

Inforni:it.ion 
avnil:ilile from st;it,c topogwphic, hydrologic, :io11 geologic:il surveys, :ind 
from other fc(lcr:il tind st,:it,o government. :igcncics oftcn is of ixitisidcr:tlilc 
mlne. Outcroppiiigs, visilile dcposit,s iindcr iwtcr ,  and misccll:incous :iv:iil- 
able csc:iv:it,ions should IN: i:s:iniinctl. Itcacnt dt:vclnpnicnt,s in gcop1iysic:il 
rnet,hotls oRcr promise for r:ipid Iirclimin:iry siirvcys. Ilosistivit,y met,hwls, 
ivhicli i n d i d c  changes in cnrnposit,ion of iindcrgrounrl str:it:i liy (lifcrenccs 
in  electrical rcsist:inoc, seciii most, :ipplic:ildc. 

13cforc any final :ins\wr can  he sci:ilrc& csplor:it.ion mcl.hods must. be I I S C ~  

\vhich providc reprcscntat.ivc snniplcs. l’hc rclntive nmoiints of s:ind :ind 

g r a d  must, l ie dctcrmined and cv:ilnnlc(l in t,hc light (if mar!& i l em: i i~d  
and spcdific:it,ion rcqiiirerncnts. Grading of t,hc m:itcrial must, be cs:tmincd 
to ilctcrminc i f  spiccification reqoircrncnts ixn he met. coononiio;illy. ‘I‘hc 
nittiire and ;imoiinl, of dclc rioils m:itcri:ils n n d  the fa:isililit,y of t,lioir 
economical rcmov:il must Iic stiidieil. The Iirolilcm is coinplic:itcd by t,hc 
inhcrcnt lack of iiniformit.y of nmny sand :ind gravel deposits tlrle to i.hc 
natiir:il proccsscs Iiy \vhioh (.hey \rem formctl. 

land deposit,s includc test  pit,s ani1 t,rcnchcs, driving of pipes :id csi::ivat.ioti 
of m:iteri:il from the pipes liy spcci:tl hockct, or nt,her mc:ins, cirt.11 :~igcrs,  
churn drills, :ind ot.hcr proccdiires for gct,ting :I cross scction of tlrc mntcri:il. 
For iinder\r:ibcr deposit,s, drcdges, Iint,h piimli s n d  1:idder~ cmics  : ~ n d  Iiuckct,s, 
draglines, :ind simil:ir str:iiglit,for\\.ii~d rlcvices :ire uscd. ’I‘hcrc :ire 110 

short-cnt mcthods. 

esplorntion for s;tnd :ind gr:i\d. I n  l932> .I. I t .  ‘I‘hocncn of t,he U. 8. Bure :~ i~  
of Mines prclinrcd :i 50-page disciission of the prolilems :IS :t ~ r l i o l e . ~  I-le 
discussed, in somewlint gcncr:il t,crins, t,hc occllrrcnac of s:ind :ind gs:t\r~:l 
and the v:trions methods of esplor:ition :ipplic:ilh to  diRcrcnt. types of 

‘I‘hcrc arc a varict,y of :ippro:ichcs 1.0 preliminary csiilor:ition. 

0 

Ihplorntion metliotls which permit sccr~ring rcprcsent:it.ivc s:imples from \ 

There is rel:itivcly little literntiire dc:iling dircol,ly irit,li prosp( 
. 
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deposits: The paper is out, of print, Ilut shoiilil I I C  :ivtiilaIile in m:tng t,echnii::il 
1ihr:iries. 

:\ syrnpojiiim 011 prospecting \\,:is held :it, t,hc 1950 a n n d  rneet,ing of the 
X:ition:il Sand iind C:ravel :issir. It. \\roodw:ird Moore of t,he I3nrenri nf 
Pulilic R.onds iliaciisscd gcophysicd met,hoils of so1)surfncc czplorat~ion ii1111 

gave :i selected list, of references t,o t,he lit,er:it,iirc,? ICspcricncos of menilicrs 
(if  t,lic industry \vit,li :iiigers, :iiI:ilit,:it,ions of well-drilling equipment,, rcsistivit,!: 
methods, and i l l  iindcrw:itcr csplomtion :ire ilcscribetl i n  rcfcrcnces :3> 4. 
:Uld 5 .  

C:cncrnl inform:it.ion on prospcct.ing nray IJC foilnil in the I~rire:iii of Recl:~- 
m:it,ioii Concrete dlnniial, in the ilmericnn Inst,it,rit,e of Mining l3ngincers 
piil)lic:it,ion, I i ~ ~ d ~ ~ ~ ~ ~ l ~ r ~ i d  i l l i i i e r n l s  ( L I L I /  11% , li:irt,icuI:irly t,hc chapter on 
“S:i~i i I  :ind C:r:ivcl,” by Brnr h‘iirillierg,6 :ind in the Arncrii::in Societ,y for  
‘I’est,ing M:itcri:ils 19.18 Syinposiiini OIL M i n e r i d  .4qyreyrr/es, piirt,icnlarly the 
chapt,ers on “Ilist.ril~iition of &liiieral Aggrcg:itt:s,” by l i .  13. \\roods,7 nnil 
“i’rodiiction nnd M:Li1dnct,nrc, of Fine :ind Co:irse :\ggreg:itcs,” hy X. C. 
l~,ocl<\rood.~ 

D E V E L O P M E N T  OF DEPOSITS 

1kc:ir:ition of rnxterial from t,hc deposit is the first step in prodiict.iiin. 
For Iiank :ind I i i t ,  deposits :ihovc the  water IcvcI, esc:iv:il,ion is ortlinnrily 
by power shovel, ilr:igline, ilr:ig scraper, or sl:ickline c:ilileiv:iy. I<:irt,li- 
moving, tr:ictor-r:oinI,innt,ion ni:iohincs soinct,iines are usai l  in sh:illow 
deposits. Varinils methods, irioliiiling light bl:ist.ing, are Iwxl tlo Iirenk i l o w  
t,hc face of the pit or 1i:ink t o  mike  the  rnatcl.i:rl more convcnicnt,ly : i v d : i I h  
for csc:ivntion. 

If it is light, :mil snntly. 
it, m:iy be cxc:iv:it.crl along \vit,li t,lre sand :mil gravel and removed in  t,lic 
processing plnnt. I f  it, is heavy, it, should be st,rippcd ahead of the esc:iv:it.iiig 
qicr:it,iiin. The s:imc, or siniil:ir, equipment ni:iy he usci l  for st,ripping :is 
for cscnvut,ion. 

I h g l i n e s  :ind c:il)len.ays rnny iilso l i e  iisctl 1.0 escnv:itc Iiclo\v the i n t e r  
level in wet pi1.s mil shdlon- st,rc:ims. Ho\ve\w-, i f  the nntnrc of the m.it.cri:il 
mil t,lic qiiantit,y of \v:tt,er permil.s, it. is cominoii pr:ictict: t,o IISC s u h o n  dredge 
piinips. :\ft,er i i  Iiit, is opened, (,he ilrcdgc m:ty h e  nsed t,o esc:iv:lt,e t.he n1)ove- 
\\.:iter materid :is \veil, i t  Iieing Iiroken down in1.o the water 1)y under-cot,tin~, 
by light hlasting, or by other mcnns. 

‘The suct,ion 
dredge generally delivers the m:itcrial direct,ly to the processing planl on 
lanil, or it, m:iy. primp to  n sriml) from which t,hc materi:il i s  pimped ngiiiii. 
Less frequently the m:iterinl m:iy be pumpcil t,ii Iinrges in which it is trans- 
ported to  the processing pl:int. 

‘I‘he ladder dredge is used for ilcposits ,ivhich :ire too consnlidntcd or too 
co:irsc for suction ilredges :ind. for other reasons which may lie dictated Iiy 
economy of opcr:it.ion. Soinct,imcs ladder dri:iIgcs deliver t.lre materials 

*lost land deposits are covered liy overlinrdcn. 

For marine (li:posits both siii:t.ion and ladder ilrrdges are uscil. 
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direct to birgcs for tr:tnsport:il,ion to processing plants but., more lreqiient,ly, 
except in hrgc  vet-pit oper:it,ions> the processing plant is on t,he smnc lirill 
:is the dredge. 

l~scavat , ion is also done wit,li crane and Ixicket, with dipper tlredgcs and! 
infreiliient,ly, Iiy liydraiilic sluicing. Ika:i\&on metlimls :ind exc:iv:iting 
cqiiipmcnt, iiscil for proilrict,inn of sand :mil gr:ivcl :ire ~ . I I O S C  wiiinion in t,lii: 
mining field, :ind are extensively descrihetl i n  the liter:rt,iirc. The  m:ig:izincs 
I'iL awl Q 1 ~ 1 r l . r ~ ~  and Rock I'rodiicts'O p:iy p:irticiilar attcnt,ion to  snnd :mil 
gravel protluct.ion :ind almost nny issue will inelride descriptions of one or 
more operations. Another 13urc:iii of Mines publication by Tliocnen" 011 

tlcveloping s:ml :ind gr:iocl dnposits, written in 1933, dc:ds with esc:iv:it.ion 
from different types of dcposit,s nnd gives references t,o ilcscript,ions of :L 
niimlier of specific operations. 

The Z'il niid ()navy Iluiidlbook" includes comprehensive chapters on 
dredging, stripping, pumping, :mil escarat,ing pertinent. to  :iny consider:it.ion 
of recovery of m:iteriaIs froni selected SOlIrces. hform:ttion of ii more gcncrnl 
n:it,rirc \vi11 lie found in t,hc li:ipcrs by Xoril1)crg6 and 1 ? o ~ : k \ ~ ~ i ~ i d ~  prcviorisly 
cit,eil. There is :ilso much general inform:it,ion, particii1:irly on dredges :ind 
primps, in 'I'agg:irt.'s Haiidbook oJ illinern1 Dres~ i i ig . '~  

- 

TRANSPORTATION TO PLANT 

i\ft,cr esc:iviit.inn t,lie m:it,nri:l.l must, I x  t.:iknn t,o f.hr prrii:cssing plant,, 
Some of t,hc mot,liods of esc:rv:it.ion ineorpor;it,c mct,lioils of tr:insport,:it.ion 
t,o tile plant-:is the suct,ion dredge, the c:irth mover :inti, sometimes. t.lie 
cnl~lcn.ay scr:qms. For iindcrnxtcr deposits, b3rgcs may be used to tr:ms- 
port nnprocessed material from dredge t,o p1:int although more often pro- 
cessing is done on the dredge. When s h o \ d s ,  ihg l incs ,  or similar eqiiipmcnt, 
:ire iiscd, in(1cpcndcnt means niust he providcil. 'I'hcsc incliide n:trrn\r :inil 

st:mdard g:rugc r:iilroads, trucks (of all kinds and np t,ii :il)ont 20 c11 yd 
c:ip:icity), :ind I ~ c l t  conveyors. Each nielliod has its place :ind its econoiiiic 
:idv:intagcs, depending upon tlic n:itnre of tlic deposit. 

Iransportation from point of e x c a \ d o n  t,o the proccssirig plnnt is sonic- 
1,imcs done in two st,ngcs-:i "surge pile" Ilcing int,roduccd I)et.\veen the t.\vo. 
I n  the case o l  :i dredge pomp operation, m:iteri:il may lie p r i m p e d  t,o n siimp 
:ind picked lip by n hoost,cr piimp for  t,r:insportnt,ion to  t,lic plant.. I n  t,hc 
case of a lnnrl operation, escti\-ntcd material may be tr:insportcd to a storage 
pile (surge pile) by a selected niCnns and 1.Iicn conveyed fro111 tha t  pile hy 
:iny other se1cct;etl means, gcncr:illy :I. belt. This intermcdi:it,c storage scrves, 
:imong other t,hings, to f:ii:ilit,:it,c maint,:iining :L uniform feed t,o the p h t ,  
by di\-orcing it, frnm complete dependence on the rnt,e nf csc:Lvation. 

The chapter on "Intr:ipl:int, 'I'r:insport,:lt,ion" in t.hc Pit am1 Qirarry 11mil- 
book'? trents the scvcr:il methods in considcl.nble ilet:d. 'I'aggnrt'3 :ilso 
dcnls wit,h tr;insportntion, i n c h l i n g  sonic informntion on cost,s, and  there 
is gcnel:il inforni:rtion in t,ha prcvionsly cit,cd works of Sordlicrgo : ~ n d  
I?.ock\vood.8 

/. 
\ 
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PLANT PROCESSING 
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I’lent processing inclriilos wishing, screening :ind ntlrerwisc chssifiying 
to size, crrishing of oversize, :ind the rcdnct.ion of dcle~cr ious iinpiirit.ics to 
t,hc extent p i c t i c a l .  Imporit.ios \vhich :ire solnlilc or snsp”;ilile in witer 
generally c:in lie washed ont sntisfnct,orily. -Sizing : m c l  classifying c:in hc 
dune \vit,h considerable :icciir:icy within the limits of t,he sizes :iv:iil:dile> 
alt,hongh costs are greatly increased if it is n ss:iry t,o \v:ist,e miicli niat,crinl 
or i f  too m:my or  too close scparat.ions, p:irt,icul:irly in the sand sizes: sre 
reqnire~l. IMetcrious m:it,crials m:iy be rediiocd, lint tlicrc is :I limit, beyond 
which such operations :ire iieitlicr fe:isililc nor economical. 

J tie proi:cssing pl:int csscnt.i:illy is :i simple comliinxtion nf conveyorsl 
screens. crushers, ~ ~ ~ s l i i n g  :ind classifying equipment,, :ind stor:igc nnd loarl- 
ing fncilit,ies. Any :it,l.cmpt to illust,rnte :i typic:il one or to show :L typical 
flow sheet wonld he misleading. ‘I’hc plant. mus t  lie t:iilored t o  suit, the 
deposit :tnd t.hc market,. In the simple c:ise of 3 Innd deposit! :i plant, might 
consist of the  follnwi~ig clcmenk: 

I. A hopper, or eqiii~nlenl., to receive material transported from the 
deposit, or surge pile. C:enerally t,his hopper will lie covercil with n “grizzly” 
of p:irallel Ixrrs, or equi \dent ,  t,o screen out honldcrs t,oo large to  he hmtllcd 
hy the plant,-in most, cases a mlativcly small proportion of cmaal  mntcri:il. 

2. From this receiving hopper the matcri:il will pass t8lrroiigh :L g:ite, 
cont,rollcil Iiy :L “feeder,” of d i i c h  there are nrimeroiis designs: to n conveyor 
on which it. is mirricd t,o the top of tho plant on  to tlic sc:ilping screen. A 
belt conveyor is genernlly t,hc innst eeonoinical. I3nckct clcv:tt.ors hnve been 
usc(l and :ire shill iisetl lint, less t,lian in t,he past.. Skip Iioist,~ hnvc hccn used. 
hiit. sparingly. 

3. ‘I‘hc sc:ilping screen sep:iratcs oversize m:itcri:il from the srn:iller: 
rn:irket:ilile sizes. 

4. k1:iteri:iI passing the sc:ilping screen is fed into :L Ii:itt,ery of screens, 
either vibrating or revolving, t,hc number, size. :ind :irr:ingemcnt of vhich 
will depend on the sizes :inti niiniher of sizes to be made. \\’:iter from spr:rys 
is int,roiluced frorll the  beginning and is :tpplied thronghont. t.he screening 
oper:ition. From t,liese screens the iliflcrcnt, sizes [if gravel will lie discharged 
into b ins  or on t,o conveyors for  t,r:insporl:il.ion to  st,ockpiles or, in soine 
i::ises, to criisliers :ind nt,licr screens for fiirtlicr prncessing. The s : ~ n i l  p:isscs 
to  classifying :ind (leuxtering equipment :md from t,lierc 1.0 Iiins or stockpiles. 

5 .  The oversize from the sc:ilping scrccn p:isses to the crushers-the 
size, nninber, :ind arr:ingcmcnt of \vhicli depends upon t.hc qrinnt,i t,p :ind 
nature of the mntcrinl to lie crashctl. 

(i. Crushed mat,crial may he rc-elc\,atcd to  t,lie stalling screen :ind: heni:e. 
throiigli t.he plant or it miLy be subjcct.cd to  :in independent screening :ind 
sizing opcratiiin. Which prnccdurc is iised will ilcpend upon wlrethcr the 
ernshed mnt,cri:il is sal:tMc as :i sep:tral.c protluct. or merely represents :in 
economicnl rlisposit.ion of oversize. In some c:ises, the cruslrcd grxvel is iiscrl 

, >  
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for l?lenlling wit,h n:ttur:il gr:ivel :o meet specifications which put, :L minimum 
limit on iliiaiitity of criislreil p:irt,iclos. 

Washing . 
W;ishing ani1 sizing of s;ini :ind gr:i\d :ire :~lniost, :il\\.:iys (lone simnl- 

tnneonslp. \\‘:iter is iiccderl for efficient screening :md, of course, is csscnti:il 
t o  \vat.er elassific:it,ion. Accordingly, ivlietlier nr not, x:ishing is neetlcd, w:it,cr 
is int,roiluced into (,lie sizing operation if it is :iv:iil:ible. Dry sizing, invoI\.- 
ing screening :ind iiir scp:ir:it,ion. 1i:is lieen used in some cases ivlicre \r:iter is 
sc:ircc. F o r  sands :in11 gl.;ivcls containing looscly :iilhcring :ind rendily 
solnldc or siisliend:ililc inipiritics, the minimum :imoiint of w t e r  required 
for sizing is :iileqii:ite fnr wxshing. 

I-ln\\-evcr, many s:inils :mil grarols contain thy, mud, mndlxills, :md 
orgnnic impurities firmly enough :rtt,:ichetl to rcqiiire thoroiigh \v:isliing :mil 
scriilihiiig. lkpeniling ripiin circumstances, ndcrl~~;tt ,c \v:isliing will result, 
from t he  following, listed (roughly) i n  order of increxsingly difliciill, condit.ioiis: 
(a) pumping materi:d 1,o the  plitnt; (11) int,rodrlcing cnniiph \\.;rt,cr 1.0 f:icilil,:tt,e 
screening; (c) providing nc1cilii:it.e spmys on vilxxting or revolving screens; 
(d) p:issing matcrinl 1,lirnngli specid sections of rernlring screens in the  
presence of i:iiiint,cr-flo\\-ing Iiigh-velocit.y \rater; (e) Sainc :is ((I) cscept, t,h:it., 
in elrect., t,he revolving scrccn i s  “blindetl” (gcner:tlly c:illeil :L scrubber) :ind, 
perhaps :iIso cqriippeil \vit,li ahrndcrs i n  t,hc form of i:h:iins or M l s ;  :ind 
(f) Inssing through si:rcm or  log wshers .  

I n  short. the prnlilem is to grind the  siind :ind g r a d  togcthcr in  t.he lire- 
sence of :&rliiat,c \r:it,t:r n+ich is rclilaccil froqiieirt,ly cliough t , ~ )  carry away 
the impurities in suspension or in  solution. h rniigh: orilcr-of-m:rgnit,iIde 
ruli: is that  ii miniiniini nf : i lmit ,  10 gd. of w:it.cr per niin is required for each 
ton of mat,eri:il Ijro(liiacil per lir (GOO gal. p e r  ton). l‘lrat is to suy: :I plant, 
proiliicing 500 tons of s:inil :ind grnvcl per hr (mii(lcr:it,cly liirgc) y i i r i l c l  
reqiiire :ilioul, 5000 gal. of witer per inin. 

I n  gcnernl, x i sh ing  presents no insurinountnlile ol~sl.nclcs, although tliere 
:ire csccptions. ‘I‘ugg:irt‘2 ani1 the I’il r i n d  Q i i a r q  Ilnndhook” ilescrilie (.he 
various proccsscs in consi(lcr:ihlc detail. Oc:casionnlly, organic impurities, 
as rc\-enled Iiy the  colormetric t est,, :ire so firmly :it,t,:ii;hcil :mi l  in such form 
th:it they c:innot, l i e  removed Iiy \v:isliing. The  dam:ige t,h:it, they ciiiise, 
if any: 1x1s not been \vel1 dcmonstrnted. There is c\,idcncc t,lr:it c:LrIy strcngt,lrs 
may bc redrri:cd some\vhnl, I)ut t,lmt. Itit,er strengths are rel:rtively un:iRect.ed. 

Screening gravel 

I he  efficient use of sereens is restxicted t,o l,hc conrser sizes, gener:illy nlront~ 
%-in. openings or larger :dthorigh, infreiliient,ly, sizes :IS snmll ILS KO. 10- or 
KO. 20-mesh :ire iiscrl. T h e  sc:rlping screen, through ivliiclr the riiw nintcrid 
is int,rorliiceil t,n t,hn pI:tnt,, may l i e  i i  grirvit,y screen (pcrlxtps only :i “grizzly” 
made of steel bars). n revolving screen, or :L vi1ir:iting screen. I t  removes 
oversize mntcrisl which is discarded or cli\wt,cd to i i  crusher. T h e  nnilci 

. 
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from the scalping screen, o r  from one immcdiat,cly following it,, is then pro- 
cessed through \'miniis screens t,o produce gravel of rcqnirctl sizes and t o  
sepiir:tte t,lic sand. 

Screening nf gr;i \d and the crushed ovcrsiae prcscnt,s no spcoi:il proldcms. 
\'ibr:iting screens :ire used in t,hc vast mnjoritg of cases, nlthongli revolving 
screens, either conicd or cylindricd, :ire sometimes indic:it.cd bec:inse of their 
aid in cleaning the m:iteri:il. Itcfcrences I 2  :ind 13 (Pi t  i l i i d  Qiiarry Hatidhook 
and 'l'agg:irt) previously cited cont,:iin excellent. inform:ition on screens as 
applied to gravel. 

1 tie range in sizes frrim noniin:iI ininimn t,o nominiil miisiin:i, t,ogct.her 
with feasilile tolermccs for over ani1 iindersizcs, :ire \vel1 ontli,necl in Si)npl(l ied 
Pr(Lclice li'ccoinm~tiilntiotis J ( J ~  Sizes oJ Conrse -4 qyreyate promrilg:itetl IJY t,he 
U. S. I1ep:irlmcnt. of Commerce.'4 Closer sizes :ind to1cr:inces :ire not, con- 
siilcrcd to over :idv:int:iges commcnsrir:itc with the gre;it.ly incrc:tsed cost. of 
processing. The Simplilicd I h c t i c e  Rci:ommcn~l:it,ions form t,lic hiisis for 
grnding spccilicet,ions for coarse :iggreg:it.e promnlgnterl Iiy t,lie Amcriann 
Society for 'l'cst.ing hI:iteri:rls. the Americ:in hssn. of St:iti: Highwiy OHici:ils, 
m:Lny static highway dep:irt,ment,s, :ind otlicr nrithoritntivo :ind rcpresent.:itivc 
spcci licatioii-\\-rit,ing bodies. 

It, shonld l i e  pointed orit t,hnt processing screens :ind tr:sting sieves do not 
h:ivc the siinic cle:ir openings for :i given nomin:il size. 'l'cst,ing sieves h:ive 
sqn:ire openings witti wire dinrnekr and clear openings conforming t,o nni- 
\~~s ; i I ly  ncacpted specific;it,ions.'6 I'romssing screens m:iy he square, rec- 
tangiilar, ronnd, or nf other shqx .  They may 1112 mxlc  rJf \\.oven wire or 
pcrfotxtetl plate. The only lirnit,:ition on size or slinpc of opening of my 

.proi:cssing screen sliorilil IJC t,li:tt,, for the n:rt,iire o f  feed, conilit,ions of hi i l ing,  
slop(:, and c:ijiaci(.y, it produkes (.he size required. l h  esample, ii I-in. 
round openiiig screen in the plant mny proiliice m:it.criiil ivhich, siibstant.i:illy, 
has :i m:isimnm size of in. as nie:rsiircil by sI,:mdaril t,csting sieves wliere 
sieving is to iirefiis:il." Similarly, n p h n l  screen with sqn:irc opening nf 
n l ~ o u t  in., or Ixrgcr, m:iy l ie used to  insure n riomin:il lower size of :il,ont 
S o .  4 as mcmircil  I,y t,esl.ing sicvcs. 

Classifying rand 

C1:issific:ition of s m i l  :ts t.n size prcsent,s :i major probliln in  t,he prodiiihon 
of snnd i ini l  gr:ivcl. Sanrl griiding, as i t ,  :iffeats concrct.e qii:ility, is more 
critical t h m  gravel gr:ding :ind th is is p:irl.iculnrly t rue for the h n e r  niiscs. 
The scparat,ion of s:iiiil int,o dilTercnt, sizes docs not, represent, :i st.r:iightfor\\':Lrd 
scrconing operation :is in t . 1 1 ~  case of gravel. I n  gcncr:il, screcns :ire iiseful 
only to  scp:imte the sand from the gmvcl :ind to  ni:rke rcqnircd scp:tr:it.ions . 
co:irscr t h n  :iboiit; :L 20-mesh sievc. From t h t ,  point on, sizing is gencr:illy 
by miter ~l:issitic:it.ion'6-:ilt.ho~~gli, as point,cd out  earlier, screens, both \ r e t  
:mil dry:" :ind air scp:irat,ors are sometimes used. 

In  t,he v:ist majority of w s e s  the sizing of snnd consist,s only of scp:rr:il.ing 
it frnm the gr:ivel :ind de\\.ntering i t  in such :L ni:inner :IS to rct:iin, so far 

,. 
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as is f eas i lh ,  :in iidcqiiiitc :imorint of bhe finer sizes, gcnernlly those liner 
th:in :i So. 50 sieve. For t,li:it piirpose t.lierc is :i wide \wiet,y of set,tling 
kinks and ilevices for recovering the snnd :ind leaving the \v:it.cr behind. 
For example, :in inclined screw mnveyor  i n  a siiit,:ililc troughl \vit,h :in :q ron  
overflow :It, t,hc lo\vcr en$ is frciliiently rcfcrrcil t,o :is :I scrc\v cl:issifii:r, n 
screw \vnsher, or i i  screw de\niterer. ’I‘hc w n d  ilwg, r:ikc classifiers, l m ~ l  
ckissifiers: ilc\ratcring ~vlrccls, :in11 other devices for remov ing  sand from 
~vi i tcr ,  vith :i minimum of ~.iirhnlcni:e t o  rct.::in t,hc fines, :ill :icconiplisli :iIiiiut 
the xime piirpose. 

C:oncr:illy, t,he ii:rl,iiriil gr:uling of the sand is such that, cnt,irely s:itid:iol,ory 
resii1t.s come from t,hc rc ln t i vo ly  simple classifying methods referred to. 
Somct.iines, ho\vcvcr, for hcst results niorc elnhi ir :~te methods :ire reqiiirctl. 
1 Ire most. :irit,horit,:itive t,rc:rtmcnl.s of t,lia gencr:ll prolilcm of s:inil i:l:issifi- 
cat ion are Iiy Shawl6 in his book on s:inil set,l.ling and devices for sctkling 
and classifying s:ind, p n l ~ l i s h c d  by I2oi:k I’rodlric/s, an11 1tockn.ood” in his 
k~oiiklet on screening line ni:it.eri:ils, :ilso pi i l i l i shet l  Iiy lZoc6. I ’ rodi ic ls.  T:igg:irt,‘:’ 
trc:it,s hydmiilic cl:issific:it,ion ns :ipplied to  the  mining fielil in ~;onsiiler:ible 
dct:iil. ‘I‘hc Pit and (2iinrr!l Hnii!lhook’? includes :I ivcll rounrlc<l i:h:ipIcr on 
“Scrocns~ C1:issifying and \\‘nshing.” 

1 he most, common difficriltyl p:irticiil:irly in ir:iter-t,r:insportc~l mntoriuls, 
is t,lie nhsencc of fincs. I n  miin?; cases that  dcficienay lrns I m n  appwcnt 
only :rnd Ii:i,s resiiltcd from incffioicnt, deuvitering mc:thods or for ol.her reiisons, 
inchiding loss of fine ni:itcrial iluring dredging opcr:rtions. Oh\.iously. if 
the fines :ire in tSre deposit., t,hc solutioii t o  t,lrcir :il)scncc in t,lie finislred 
prii i l i ict lies in rcvising processing methods. 

\\‘hen the fines :ire not :rv:ril:iIile, the sohitioil is to I hnd  fine nint.cri:ds, 
from other sources ( f req~icnt ly t,his can Iicst, .he done :it, t,he hat,ahing pl:int) 
or from crrisliing 1:irger sizes. Xot enough espcrience hiis been had with 
crushing 1:rrger sizes for s l ipp ly ing  fines to naturnl sand t o  perniit. discussing 
tlw ~ i r o l h i i  in specific t,crnis. ‘I‘he t,ailings from criishcrs in gcner:il, :ind 
from i m p c t .  crushers in p:irt,iciiI:ir, hnve proven Irclpfiil. Roll crushers have 
lieen nsed to reillice the smnllcr sizes of gravel, Ixit not \villi \videspread 

hiis lieen 1i:iiI \rit,li Iiall mills in grinding s:ind 
to  liner sizes. Iiod. mills harc lieen riscd sncccssfi i l lg :ind economic:rlly on 
some hrge prihlic works project,s \rliere the snnil 1x1s been derived cnt.irely 
or pr incip: i l ly  from t.lie criishing oIier:it,ion.’s 

A common delicicncy i n  t~he gr:iding of naturd s:intls, p:irt,icnl:irly t.hose 
\r l i ic l i  have lieen iv:iter sorted in n:itnre, is the concentrnt,ion of nn excessive 
proport,ion of the gr:iins i n  t,ho interincili:itc sizes. TI. is priil~ably t.his 
circiimst:incc which has led t,o t.hc requirement for escessivc fines in concrete 
snn(l-in an :ittempt, t,o overcome, by :iildition:rl fines, t.he Iinrshncss and 
tcnddncy t,ii hleed resulting from the high concent,r:it,ions in the in~.ermcili:it,e 
sizes. 

I?educing t,he proport,ion of int,crnicdi:it.c sizes prcscnt,s n diffcult cl:issi- 
fying p r o l h i i .  I - h c v c r :  i t ,  m:iy he :ii:i:omplislicd wit,li v:irying degrees of 

,I 
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sncccss Iry tha ;iddit,ion of fines :IS :ilrcndy discnssed or by the :rctnsl elimi- 
n:it.ion of n Iiort,ion of t,hc exi:css sizes. T h e  rciluction in iliiant,ity nf intcr- 
mcilintc sizes (gencr:illy costly in wisted niateri:ll) can be accomplished hy 
a v:rriel.)r of  cl:issific:it,ion met,liods which \vi11 not, be discilssctl in ilet,:iil licrc. 
Rising cnrrent (of water) c1:issification int,o ililTercnt sizes represents t.hc 
most str:iight,for\v:iril approach. The collection and rccombinal.ion of sizes 
sct,t.led :it. diRcrent points in \miens syst,crns rcpresenbs another. i\ classic 
trc:il.mcnt of t,he irhole Iirohlcm of sand clnssificnt,ion is i:ont,:iinerl in  t.he 
book by IMinmlnd Shnw.‘G 

Crushing 

G r a d  is crushed to  reduce oversize, sometimes to produce nngnl:ir 
pnrt,icles :ind, somct,imcs, ns ilisousscd shove, to produce the finer sizes of 
sand. hnothcr  reason, discnssed snhscr~nently, is t,o rednce t.he rln:int,ities 
of soft, :ind fri:iblc p:rrt,iclcs. 

Crnshers are diviiled into five general classes: (I)  j:iiv; (‘2) gyr:itory, 
ini:liiding cone; (3) roll; (4) imlxrct, inclutling 1i:immcrmills; and ( 5 )  wrions 
grinding machines, including rod mills. :\I1 of them find use i n  prndocing 
sand ani1 gr:tvcl. 

.I:iw :ind gyratory crnsliers arc most commonly nsed as prini:iry crwhers 
for sand :tnd gr:ivel. Secondary :mil lirt,er st:ige wrrshcrs :ire gencl:dly o f  the 
gyratory or cone type and somc1,imes itre rolls and hammermills. I t  is difficult 
t o  gencr:tliac since t,he problem of crnshing deliends so milch npon t.he size 
of protlnct~ and purpose of crushing. 

\\’liere simple size reduct,ion is t,ho ol)jcct,ive, first. and scconil stiigc :and 
sometimes third stnge crushers :ire ~~sec l .  Flowever, frequently, crnsliing 
opi:r:it,inns arc performed for t,hc princilxrl pirposo of eliminating sofl. 
p;trt~icles or providing crushed fxces. I n  such ciises the objective is 1.0 do  :i 
m;isimnm of work with i i  minimum of size reduction. \\‘liile :my ixrlsher 
lenils itsolf to this type of operation, with snitnblc regnl:ition nf size and 
amount of feed in relation t,o crnsher opening, t,he impact type :ippenrs t,o he 
best fitted for it. 

Crnshing gr:ivel involves subst,ant,inlly the same proldems irs for any 
m:iteri:il in the mining ficl(l, ani1 t,he liter:itnre is rolrlminotls. Fred C. 13ond 
and Frank I?,, 13riherLg I~resent,erl :in inform:it,ivc p p e r  on “l’rinciples of 
Crushing” :it the 1!)51 iinnll:d rneet,ing of  the  Nations1 Sxnd :ind Gravel 
:\ssn. ‘I‘:1ggnrt13 gives mnch inform;ition on the  several types of crnshers. 
The Pit (lid ()11(1rrf1 hand hook'^ includes i i  ch:rpter on “Crnsliing, Grinding 
nnd SelxirstinK” i n  \vliich the :ipplicntion of different types of crnslrers is 
iIisi:nsscil. Tlicre is furtlicr voluminous literature :iv:iil:ilile> bnl. t.li:il. listcil 
shonlrl furnish t.hc nccess:rry fiindnincnt.nl inform:it,ion. 

Deleterioui particles 

presented Iiy deleterious p:irticlcs oci:urring :is impurit,ies i n  deposits. 
hmong t,hc more vexing prol,lcms of sand :ind gravel prodnct.ion is that  

It is 
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more pressing for gr:ivcl than for snnil. I n  general, i f  n siirirec 11oes not ~ 0 1 1 -  

t:iin Ixisically siiihljle ni:ateriitl, there is little th:tt, can lie dmie :lliout. it,. 
\VhiIe tlrere :ire methods idiich c:in bc :q~plied to reduce the qiuintity of 
m:my iinilesir:thle p:irticIcs, t.liere is :t quickly re:icheri limit, Ii1:yonil \rhii:h 
such processing is neither ecoiiomicnl nor pract icalh.  

soft. fr;igmciit.s; 
thin and fri;ible Ixirticles; s1i:rle; :trgill:iecous snnilstoncs :in<l limestones; 
pwoiis and rinsoiind cherts; i:o:it,cil parl.icles; t,liiri :init i:long:tl,cd ii:irtii:lcx; 
1:imin;itcd p:irticles; i:o:iI; lignite; :~ml other muteri:ils ilepending upon im- 
purities prev:ilcnt, in the locnlit,y. ‘I‘hesc i:;it.egories m:ty l i e  frir1,lier cmdenscd 
i1it.o two general cl:issitic;itions so f:ir ns use i n  concrete is eonecmeil-t.hose 

cnnsiilernbly :ind csert  :L disruptive force. 
V;triiiiis :il.ternpt.s hnve 1~c: i : i i  mulc l,o i lcvel i ip proi ing mct,linds for 

reilucing the ilii:iiil.ity of these dclcterious ixirticles \vi orrly mollcr:ltcly 
enooiiriiging resiilt.s. It, is self-evident t,h:it, processing to scp:ir:~t,c selccl.ail 
types of particles from the  parent gravel must  depend on dilTcrent:es i n  strengt.11 
:mil lxirrlness, or i n  \\-eight,, or, tan it liniit,erl cst.cnt. in s i x  ant1 :Lppc:ir:mi:e, 
or n combin:ition of these. 

\‘esy soft ~i:irt,icIes, sr io l i  as in i i i l  Iin.lls :mil siimc loosely consolid:it,i:,l I:I)II. 
glrimcr:ttcs, may IJC reniovcil, or rciluccd in q1untit.y sat.isfnct,orily Iiy pro- 
cessing throrigh log \\-ashers or scriit i t iers. i l l ,  Ic:tat. mie cx:inrplc i:an he cit.cd 
of :I clcposit, with the s:ind :tiid gr:ivel coniplct,cly ciiil~edilcd i n  clny: \\-here 
(,lie high coiiknt, of st,ioky &iy is r c m i i ~ e i l  s:itisf:ictorily Iiy log washers. 
Xiiincriius examples of fnirly sat.isf:ictory remow1 of miid halls :Ind t.hc 
l ike hy scruli l jers i i f  viirioiis t,ypcs c:in I ic  cited. In gener:iI: only t.he simplest 
of scrulrhers iirc iiscd in the iniliist 

1’:irticles such as those just  iliscrissctl, \virile snft,: do not, fall i n  t,hc i::tt,egory 
of those commonly idcnt,ifieil :is soft. ‘I‘hc common category suggesk sqm-  
nition Ijy rlilTcrenccs in hardiiess. \\-liich has lei1 to t.he use of v:~riniis types 
of imp:iat eriishers :inil “soft, st,onc climin:it,ors.” These have Iiccn iiscrl \\-it11 

\“1. c I J  I in:. sticoess ilel~ending upon t.hc mat,eri:d being priii:esscrI. ‘he i r  i i se  
inl.rotluccs :tililit,ioii:il prnlilerns: (11) Inevit,:ilily, :L I iott lc Iieck i n  t . 1 ~  l lo \v  
sheet is produced; (11) s l i~ l l  lie i l i ine witti the crrishcd soft, nii~leri:ils? 
Sti:ill t.hcy Iic perinit,tcil t,o gii intri t,he s:inil? In m m y  c:ises !.hiit, prob:ilily 
would not lie 1i:irnifiiI brit. in others it, might; (c) The qonnt.it,y of soft, m:iteri:ds 
ciiiinot, be rc,liicctl s:it,isf:ii:torily withorit,: :it t,lic s:mc t,irnc, hmiking  up COII- 

sii1cr:iIile qn:intitics of good m:iteri:ils; ((1) Iiiliiipniciit m;iint,cn:ilice cost,s :ire 
gcner;dly high. 

Sep:ir:ition on the Ixisis of m i g h t  found little :ipplic:it,ioii in t,hc gravel 
inrliistrp rint,il rei:i!nl.ly. Somc simple jigs h:ivc been iiscil t o  scp:rr;tlc i d ,  

lignite, :mi sticks. References to t,he use of jigs for reniovitl of slGile :iiid 

s i f t  stone i trc  in t,lic lit,or:ttriri:. Tiigg;irt,’Z describes vnrimis t,ylics iif jigs i n  
some d c t d  .Jigs require :I grcatcr ililfcrencc in w i g h t  tlian generally exists 

I’art.iclcs considered ileleteriiiiis :we gcncr:tlly classified its: 

p:rrticlcs n+iich h : i k  down \\-il,h lit,t,lc voliime i:h:inge :mi t.hose irhioli eqxinil -- 

’\ 
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1)etween the parcnt gr:i\d a n d  the m:~t,cri:~l \rl~iclr it is \vishctl to  remove, 
except, for sucli mntcri:ils :IS coil1 :ind st,icks \rherc they inay lie used rpiit,c 
cffect.i\-ely. 

Hc:ivy-mcdi:i scpar:it.ion ( i , c , ,  sink-floxt), dc\dopct l  in t,lie mining indost.ry 
within the past 15 yews, 11:is proven siicccssful for making scpnration of 
m:itcri:ils difTering in specific gravity. It, is cl:limctl that. :i r:ingc i11 spccific 
gravit,y of :is lit,tlc :is 0.02 mnkes scp;rr:tt,ion fcasil)lc and that for :I rmgc  of 
0.05, sep:ir:ition can bc mailc iluitc rc:idiIy. 

In principle the priir:ess consists of lloat,iiig out the light,\reight motcri:il 
on ii  1ie:iry “liqniil” which is forrnctl by suspension of hc:ivy mat,cri:tls such :IS 
m:tgnctite, gnlen:i, or ferrosilicon in w:it.cr. Qnart,a snn~l  suspensions h a w  
heen used for clcnning co:11 for m;iny yc:irs-the C11:incc process. The nxisi- 
mum spccilic gravity oht;tin;ihlc \vit,h sand, :lacording i,o Tagg:lrt,‘s is only 
:iborit 1.S: \rhich. of coiirsc: ~voiild not, lie :ipplic:rl)lc to nggregxtc proccssing. 
Ag:iin :icconling bo T:igg:irt,’x m:ignetito will 1miviilc suspensions of specific 
gravit,ies 111) to  2 i i i i i l  g:ilcn:i :ind ferrosiliciin u p  to :iliont, 3 3  for norm11 
working eiiridit,ions. 

Modern Iit:a\-y-mcili:i processes employing ferrosilicon, g:ilcn:i, or ~nngnc- 
t,ite 11:ivc I)ccn iised qiiit,c iridely in processing Io~\~-gr:id~ iron ore, clcaniiig 
coal, :mil i:onccnt,r;itiiip zinc, fcIilsp:ir, m:ignctitc, m:ing:incse, am1 other 
ores,?n.?l .??.?I Cases of its IISC in processing grnvel :ire, ns yet,> rcl:ltivcly few. 
Thc  ed ic s t ,  \vas rlcscrilml in the April, I!M!), issiie of T h e  K n g z r z e e r h q  .Journal 
(the jo~irn:il of the  Engineering Insti tute of C:~nnd:i)~” the  Dccembcr, 194!), 
issiii: of Pi/. and (;)iiarr~/,?~ the Felirii:uy, 1950. issiic of ltocli I~~od111 
t,he Ilecemlicr, l!)51> issoc of Ciiril h ’ i i q f ~ ~ e e r f t i ~ ~ . ~ ’  ‘ ~ h i i s e  art.iclcs t1cscril)e 
sepnr:it.ion [if gravel for  IISC in the i:onst,ruct,ion of :iirport, rriniwys :it, I<ivcrs, 
hl:init,otm. Cnn:iiln. ’ h e  gravel contnincd considcr;il~lc quantities of shnlc 
and rnt,ten granitc m i l  it is said t,h;~t, :i s;it,isf:lct,ory scli:ir:it,ion WILS iniidc 
:it :in cstim:itcd opcr:it.ing cost of aliout, 10 ccnbs pcr CII yd. I t .  :ilipc:irs h t .  
this figure does not iiicliirle pl:int, “\rrit,c-off“ or any roy:ilty p:iyment.s. 

He:i\~y-nieiIi:i inst:ill:itions II;IVC Iieen mailc in :IL le;ist threc coni:i~crci:~~l 
gravel opcr:it.ions and these Iiavc :ipp:~rcntly :iccomplishcd t,heir intended 
parpose of removing objcct.ion:ililc light\vcight cnnstil.ucnt,s. Olivionsly, 
economy :inil thc  natiirc a n d  :~morint. of delet,crious subst~:lnccs \rill limit. 1.0 
rcl:it,i\dy few the  p1:mi.s which c:in :irl\~ant:r~eoiisly employ Iicn\~y-medi:i 
proccssing. Discussions of t.lrc :~pplic:~t.ion of t,hat process will be found in 
rcfcrcnces 28, 29, :and 30. 

“Bc1t.- 
pickcrs” :ire f:imilinr in the indrrst,ry. Commonly, rin more speci:iI provision 
is m:iiIc than  to provide :I pl:u:c for :L miin to st.:intl or sit, \rlrcrc. he eiin reach 
the moving belt. Somct,imcs :I picking table, in thc  form of :L widened ani1 
sloiveil-ilon.n scct,ion of I ic l t l  is provided. More cla1)or:ite ilcviccs :ire av:iilahle, 
hut  not commonly nscil in s:ind an11 gr:~vcl processing. A gooil joh can tic 
done in the remov:d 01’ cert:iin imliuritics, (cl:iy, chert, xnil  large liicces of 
rotten stonc) by alert, \rorkmen. 

Thc effic:icy of han(l-pickcil mct,hods shoald not he ovcrloi~ked. 
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MISCELLANEOUS 

It should l ie clear from t,he preceding t,li:it,, alt~liiiugh only relatively simple 
processes :ire involved: the procliiction of s;intl :ind griircl involves pssi- 
IiiIit.ies for so muny :ippro:ii:lies :ind c~imbin:it,iuns (if :ipproaclrcs :IS to become 
a complex snbjcct. In  anything less t,h:in :L conrl?relrcnsive :ind voluminous 
trc:itise, only the most generd :ispeat,s of t,lie prolilems can lie t,oni:hed 1i1iun. 

1 trcre :we :L niimbcr of suliject,s deserving i l isciission \rhich :ire not re:iilily 
classific<l :ind which will he disi:iissed IjricHy in t h i s  “c:itch-:iII” rniscellancons 
sect.ion. 

. 

r .  

Breakage in handling 
. ~. ll:indling i ind stiickpiling cnn rcxdt, in ii great ileal of iindoing [if  t,hc 1il:int 

priicessing. I3rc:ik:tge :inil segreg:it,ion m:ry rcsnlt. in sigtiific:int ch;inges in 
gr:iiling. 

Cmvels arc heavy inaterink and a n y  hnntlling results in breakige. 
ihcordingly, a f te r  si:recning, cwc  shoiild Iic t:tkt:n t,o minimize t,lic impact 
diic t o  f:illing to  the  extent 1ir:ictie:il. ISscessircly high drops should be 
a\widcd. W h i m  it is iin:ivoid:hle t h t  t,he conveyor i1isi:Ii:irge is at con- 
siilcr:rblc height above the point. of deposit, brc:Lkiige can lie minimized by 
t,hc nsc of rook I:iilders3’ or  ,ither imiiiis of interrnpting the free drop. 
Soinctimcs bre:ikngc dne t o  h:indling is cnongh t.h:i,t. rescreening :ind rinsing 
:ire reqiiircd. It, is not, nncominon to resorccn nntl rinse gravel as it, is 11i:rdetl 
int,o c:trs nnd other conveyances. Thc liest practice, howcvar, is t u  I~inille 
tlic mntcrial so h t ,  t,his :iddit,innnl processing will not, be reqnirerl. 

Stockpiling 

S:incl is 
not, free from il. but,, since it, is generally being handled moist, lit,tlc segregation 
is likely to take pl:ioc. The  importnncc of segregition of grnvel is tliminished 
as the sizes arc more closcly gr:ided. It is very rlifficrilt,, d tnos t  inrpossilile, 
to Ir:indlc “long” gtxlings (Xo. 4 t o  2 in. for exnrnple) \\-ittrout objcct,ionnlile 
scgrcgat.ion while with short gr:idings (M to 1 in. for cxxnple) scgreg:it,ion 
\vliich takes pl:ice m:iy Iic relatively nnirnportant,. 

Aggrcgrtcs slronlil lie 1i:indlctl in stockpilcs and liins in :I miiniicr t,o mini- 
mize segregation of sizes. “Rccornrn~ndetl Practice for Me:isuring, Nixing 
nnil Pl:icing Concrct,c (ACI C,I*I-42)”’~ coiit:iins sonic v:iln:llile snggcst,ions 
for handling materi:ils. Ilefercncc should :tlso Ire tn:ule t,o t.hc I3nre:ni of 
Rcclxn:rt.ion’s Coirmte illanrid ant1 t o  tlie Pi/ m d  Qrirrr.r!j Ilandhook’~ 
cli:ipter on “Open Storagc and 1~ccl:ltnntinn.” 

-- 

Segrcg:ition is a prohlcin of p:trticiilar imporl,:mcc \rit,li gravel. 

Recloiming 

k1aterial in stockpiles must tic rcchirned for tr:insport:ition t,o point of 
use. ‘I‘liere iiro nnmeroria t,ypi:s of port:iblc lmiilcrs for t,his piirposc” :md 
con\-entional crxnes itre :id:ipt:rlile. Stockpiling over :L ttiniicl with reehim- 
ing by Id t  oSfers mimy :iilmnt.;igcs inciiiiling t,h:Lt, ( i f  tlic rcaily hlcn<ling 
of rliffercnt sizes of nrnteri:ils. 
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