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Tho curvo for tho lowor portion of tho cylindor, tho 3and 
becoming finor, moves to tho loft, while the curvo for tho 

upper portion of the cylinder, tho aand bocomlng conorally 

coarsor, movoa toward the ri-*ht (both rolati/o to tho 

original grading of tho sand;. It Is known, and can bo oasily 

domonstratod that tho aroa ucncath a grading curve on tho semi- 

’ orar ithmic plot lo a measure of tho Lpacific Surfacc Area of 

thv aand sample. The area onclosod by tho "hyatoresis loop” 

thorej >rc, will represent the chan~o in Spec If ic Surfaco Aroa 

botwoen tho top and bottom portions of the aamplo duo to 

migration of fine purticloa within tho aand in tho diroction 

of tho hydraulic gradient. This means that tho aroa of the 

loop 3hould roprcacnt at least an approximate measuro of tho 

mass of fino particles which haa migrated duo to flow action. 

This typo of failure appears to bo tho mo3t common occurring 

in filtor sands, as four samples out of nine oxhibltod tho 

failuro •

(b) It is possible for an ovorall loss of fine material from 

tho aamplo to its aurroundings to occur. This results in an 

ovorall coarsening of the sand, tho grading eurvos for both 

uppor and lewer portions of the aand dropping below and moving 

to the right of thoir original p<iltion. Tho boat illustration 

of this typo of failuro la i'cund in the curvos for tho E.R.P.M. 

Ash and the Eartlott'a Sand* Tho ovorall lc3a of fines woe 

in the for to measurable, amounting to somo 5> of

the original dry weight of tho namplc.

Tho hystores la loop again appears for this typo of 

failure, but ccnalsta of t#c overlapping portions, both fall! 

to ono 3 l ie of the

It will bo observed that ln tho example cited, the 

matorial in thw lower portion cf tho aamplo has undergone 

"datively little grading change, whilo tho uppor portion has

ono consid* rv-o. This is probably bocauso u r c

was a atoady replacement of fino ttatorlal loat from tho lo. cr 

aocticr. by flrwa from tho upper portion of t.;o aamplo.

(c) It is possible for a physical reduction in tho alts of 

tho individual particloa * [ *o place undor. ^ o  influence of

j wator. Thla rc. in a C«nerally finer ••"J* t d

which la alao more uniform. Thia nod*

Doconpoaod oandstcno, i-.

J .  h th lnr-or rravclly pirticloa con3istod of comontod

hivo Sl.lntocmtod wholly ^  P j r t l n l l y  durln^ tho f-ltor^too^

Ti.l, ncvumont has « E. i n  
r l r f J n l o o p  in tho . o « r . . >  portion o f ^

"r Jln^r p n r t l o l M  f r m  out.ld.,

but to tho oots.il nut Ion of partloloi in aitu.

(d) A fourtn mode or failuro lo lllu.tr.t.d bT the boh.vlour 

of tho simple of »lt Cuop Cruohor Sand In which tho lo J "  j 

portion of the samplo bocamo considerably i.i -loft-) 

by tho largo movement of the Trading curve toward tho left)

while tho uppo- portion of the aaroP}° tho

relatively unchangod. Tho only ^ortlon 0f tho samplo

migration of fino material into th°. .t p oyiindor leaving 

took placo from tho central region of tho toat oyiinuor 

tho u I. ■ rol a  ivoly unchangod. Tho ccntr

the to- %  rT \ T : h  both"upper

the opocial filter tests (to be d®3®***®? to hav. become finor. 

and lowor portions of tho sample appeared to hav* .wo
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However, a3 in all eu903 tho grading curvo for tho upper 

portion of tho cylinder remained very close to tho original 

curve, this anomaly nay bo entirely duo to natural variation 

in the sand.

(o) Finally# tho form of tho grading curvo may bo altorod in 

cortain casos. In most of tho experiments, although tho 

positions of tho grading curves wore altored, thoir goneral 

shape and form rcminod substantially tho oamo. In a few 

cases, howovor, conslderablo departures from tho original 

form woro oesorvod. In tho lower portion of the. sample of 

Crushor Sand ’A', for oxr :pic, tho grading curvo dovelopjd 

a flattish portion near the 50$ mark indicating a dearth of 

partlcloo of tho corresponding sizes whoro nono had boon 

beforo. i.o. Tho sand was convortod into a "3ap-gradod:' 
sand. In the case of tho Witbank Sand, tho tondoncy was for 

tho gradings of both upper and lowor portions of the samplo 

to bocomo moro rogular and closer to tne idoal ‘Normal’ 

grading curvo.

It la not surges tod that tho five modes of failuro 

doscribud abovo aro tho only mannors in which changos of 

grading in a sand nay occur. They roproaent tho obsorvod 

nodo3 which took placo in this soriea of tosts *nd were 

prooably go/ornod to sccno oxtont by tho mothod of testing.

Tho appendix to thla chapter contains son on pages 
illustrating tho "before" and "after" grading curvos for 

tho remaining 7 sands tostod by moans of tho standard filter 

teat. The first two aands havo undergone definite changes 

in grading while thore waa no significant chango in tho 

gradings of tho remaining 5 sar.ds.

(ill) CHARACTERISTICS Or" SANDS WHICH ARE NOT A 

FILTER IN THEMSELVES - AS APPARENT FROM 

THEIR C1RADIN0 CURVES._____________________

(a) Tho Influence of thr- Or If; 1 u -f the Sand.

Tho origin of a 3and appears to havo an importrnt 
influonco on whothor tho sand will act a* a rixjcr -r. . .. cli, 

or not. It la striking that most of tho aanda in which 

aignifleant changoa in grading did not occur during fch 

courao of tho filtor tosts woro sands which a- a previous *imo 

during thoir history had boon aubjnoted to tho action of 

percolating wator. Of the aix aands which did not fail, throe 

were river sands and one was a crushor 3and w“*ch naa 

previously boon in uao in a al^w aand aowago filtor. In 

add it la, ono of the tv/c roraaining JJJJ* ' nd

.... . • ;M,: .aed of ■le»ea fractiona of rivor aand.

Of tho nlno aanda wnlch eld fail, only two cou d be 

called rivor aando and thoao aandt wero ^tually taken• J ™ *  

doposits of sand In ancient rivor ohannola - not 1 rcra modern

rivor boda

Tho oanda exhibiting tho woraj changes of Ceding 

wore artificial crusher sands, aanda Iron am * '

deposits, now partially decomposed aftor « o f o r •

sands formed from docomposed rocks. It h  *0 in a

appoar important when aolooting a graded - boon

filter to chooso a sand which In its recent paat haa boon 

subjected to the action of flowing wator in nature.
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(b) Tho Influence of tho Original Grading 
of tho Sand. ___________ _____________

It has become almost standard practice in Soil 
Mechanics to Judgo tho properties of a non-cohosivo soil 

such as a filter sand puroly on tho basis of tho particle 3 izo 
distribution of tho sand. Not only is the grading of a sand 

an easily determined proporty, but experience has shown that 

grading I3 O M  of the most significant t proportio3 of any 
sand. Thus, ospocially in tho design of filters, tho 

practico has grown of basing a doaign ontiroly on propertieo 

deducod from tho gradings of tho sanda.usod.

An inspection and comparison of grading curvos for 

sands which act as filtors in theirsolvo3 and 3ands which do 

not act as filtors in thomsolvoc will now bo nads. Tho 

grading curvos have boon drawn out on throe basos: tho non- 

cur vo, aoml-logarlt I - 1st l’roauoncy curve,
tho cunulativo aomi-logarithmic curvc and tho Ic^.-log. 

C'imulativo curve. Tho illustrations which accompany this 

section portray tho original gradings of tho fifteen sands 

te3tcd, classified according to tholr bohaviour as filtors 
within thomsolves.

Tho Non-Cumulativc Semi-Logarithmic Curve:

Thore is a tondency for sands which do not fail to 

have higher peakod, more regular grading curvos on this plot* 
U n e v o n , aproad poaks oe -.ducive to failure. It

appoars that tho nearer tho grading curvo approachos tho 

Ocussion curvo with a small scatter or o combination of two 

or more such curvos, tho more likoly is it that tho sa:. will 

behave as a filter within itself. A very good oxample of this 

is fi s irvlo 3 izod sand ♦ It 13 conunon kn*wlod£o that a 3 .!. - 
sized sand will not fail ao a filter. It 13 possi^l^ though 

that a mixture of two or more singlo sizod sands may fail to 

act as a filter If the ratios botwoon successive moan 

particle slzos fall outsldo cortain limits.

Considor for example a material consisting of a 

mlxturo of uphoriml p a r a d o s  of two alzos

spheros will tend o form a grain structuro which will regain 

the sr. 11 lor spheres (i.e. will f:iltor thwi)

tho smallor sphoroa falls tolow * cortain limit which £j;Pond* 

on the ti-htness with which tho larger aphoroaarw packed. it

has beon shown mathematically 'of

packing of tho larger sphoroc of diar.otor D. t.»o nianctor

the smaller sphoron must bo loss than 0 *1 ' 4; b«foro thoy can

penotrato the r.atrU of larger spheres. fete

poaslblo packing of tho larger 3Ph®r®®»
smallor spheres must bo loss than C.414P before thoy can

wash out.

Tho tablo which appoars bo low shows that those ™tics

of particle sizes do not hold for natural $

porvkod nor,-cumulative grading curvos. In thj table D and 

represent tho particle size diameters

succoaalvo peaks of tho grad! ,rY03* ?and3
peaked curvo is aasumod to rcprosent » of tho

D and d rcprosent in turn tho moan 3i*°3w^ l d  bo

c .ru1 finer 3ands. Tho aands which fft °

expocted to havo smaller valuoo c» * * J . r!r h /tj

caao. Tho two sands which did not fall have values of d/&

loss than tho theoretica*. limit of 0.1o4*
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Sands which did 

not fell

Sando which 

failed

D

mn.

d

ram.

d/

'D

Y e l l o w  Rlvor Sand 1.65 0.25 ' .15

White RJvor Sand 1.65 0.23 0.14

Witbank Sand 0.59 0.15 0 .25

Deconpoaod Sandstone 0.80 0.15 0.19

it.R .P »M. Ash 1.6B 0.42 o .25

Tho Lot”.-Log. Cumulative Grading Curvo:

On this nlot tho curves representing sands which 

bohnvod aa fillers within thomsolvos havo a tendency towards 

more regularity than thoso representing aando which failed. 

Howovor, thoro la no clear-cut distinction botwoon tho curvos, 

tho majority of which are stral t lines ovor no-t of thoir 

length and npponr to follow tho r»03ln-hi-wltr relation fairly

closely.

Tho Cumulative Semi-Logarithmic Curve:

Tho -radlng curvos plottod on thia baoia or.ee again 

exhibit a variety of shapo ar J forn for both ?ands which 

fallod and sands which did not fail. Two points of intercut 

may bo gloanod froci a comparative study of the grariing curves:

Any grading curvo can bo partially doscribod by tw^ 

bniic properties: position ar.4 scatter.

Tho position of a grading curve could bo said to 

docido t • aln size claoalfication of the s ̂ 11# o.g. cla; , 

-lit. aa; .while the scatter ;>ivoa a maaauro o*. the

ran^e of particlo oizea coverod by tho Grading curve on olthor 

sld* of tho moan particlo size.

. . . . » i s f s a u a s ' ^ a s  . s - l S C r - ™
a *  3 5  fc: r. • ■ .

Coofficiont u » ^t>0/Dio bocauso of their symmetry.

On studying the grading curvo* for the 15 sands usod 

it was found that:

(i) Sanda which do not bohavo as fi)ters Jn

tend to cont tin a larger pcrcontago of partlciaa 

finor than a Ho. 2C0 a love than do sanda which 

bohavo as m t o r s  in thomaolvua.

grading curvoa for aanda which did not fail.

Thooo two itatowonta woro teatod atatiatically.

(Tho appropriate calculation; and theory a-e to bo

found in S E  X S l S n  of U l a t h . . ! .  dj.llnc with tno 

au. l.tlcal annlyalt of cradln,- curvoo).
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See fâ -;e 37



38 -

It was found with a confidonco of 74$ that normal 

river, pit and crunhor sands which do not behavo as filters 

within thcmsolvos contain a larger porcontaco of particlos 

finor than the No. 200 stove. That is to say, on tho avora^e, 

74 out of ovory 100 sands of this typo which fall would contain 
a larf.or percentage of particlos finor than tho No. 200 sievo 

than would sands which do net frrll,

Tho ostimatos of the moan percontacoa of particles 

finer than tho No. 200 sievo calculated with a 60> confidonco 

woro:

Sands which fallod

Sands which did 

not fall

% *
No. 200 11.23 1 2.40 6.10 t 3.04

No. of
obuorvations 9 6

It must bo a p p r o c luted that thusj arc avoraje figures ami ln 

♦homsolves dv not moan very r.u;h. it cannot bo uald without 

qualification, for oxample, that if th* porcentac'. of particlos 

of a asnd finer whan tho N . oxcoods 0.14 th-

will not behavo at a : r within itself. Tho Cru»hor Sand 

•a', for e x a n p l o ,  contained a pore^nta,;o of 21.7 and yot 

bohavod pcrfoctly undor tost.

It should bo noted that tho paragraph abovo appllos 

only to sands of tho typo dealt with in this thosia in *nlch 

particlt siios usually r;ncod frrtn -ravol sizes d<*mar<..

Those conclusions cannot bo nppllod to silts and ol&,s. For 

silts and clays 75* and more of tho oaaplo i“I 5 ! ™  II \ 

th« lei 800 roah stovo yet the to y still bohave at

(Impervious) filtor within itsolf.

It was also round that sands which did not behavo as

filtors In thcr.aolvcs Generally possossod ^ ‘niters

^8£/Dis and “&0/Din than did sands which did bohuyo as filters

l, vcls ot siLni. icanco

woro:

for tho ratio DG6/Dl5 5 7Z'“* 

for tho ratio ^*w/Dio ‘

As in tho previous case tho moan values for tho ratios .voru 

oatlnatoi with 60£ confidonco limits to d o .

Sands which failed

Sands which did 

not fall

D84/D15
38.0 t 15.7

16.5 1 6.8

d »0/Djo

10?.5 • 49.1

32.1 115.6

It must be stressed once m.ro that t a . djvl(juai vnluos of 

h.\n roust be read in conjunction with th . thc vaiuos of

iho ratios, for tho oovornl ^nds. - or ‘4 t 6 j while

"'M/d ,, for th. »< > ..1,6 to «. •

those for tho sands which did not fail vary rrem
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Tho various .fi-uros quotod abovo for tho statistical 

mean vsluos of tho ^No. 200 siovu, D65/Di5 aml D90/Dio 

althouch they aro sub Joet to vory v/ido variation and arc 

perhaps too idoallsod and unroalistlc could nevertheless bo 

uaod as a ftuido in selecting sands for filtor purposes.

On tho cvidonco shown it would soor.t wise to suspect 

any river, pit or cruslji . nis for Which tho >  No. 200 

aiovo o x e q o d o d ,  say, 5%. It would also bo wise to limit tho 

value of to 4 to 5 or altornutivoly tho valuo of

*90/Dio tc ® to 7 *

A glance at tho values obtained for the fiftoon 

typical sands used in this investigation will show that 

those requirements are very stringent and would probably bo 

difficult to comply with In practice. In addition the figures 

q u o t e d  are rather arbitrary.

Tho best indication of whether a sand will behave as 

a filter within itself will of course still be the triple 

particle size analysis filter test described hero. It should 

be pointed out nt this stago (this will be amplified later) 

that some of the sands which behaved as filters within them­

selves failed by piping when employed as layers in a zoned 

filter designed to ttu ?er£a**hi filter deai3n criteria; whilo 
others which did not behave as filters within tnamselves 

behaved perfectly when Incorporated into a zoned filter.

REPORT C- THE SP-CIAL FILTER TiliVTS 111V INSTIGATING 

THS E7rE:TS OF EXPERIMENTAL mOCZDURg__________ _

In order to enable valid comparisons to be aado of tho 

test results *or various types of sands, the standard »es *ng 

procedure previously described was dec idea on and adhcrod to

while carrying out the main series of fifteen !!?*!}#•.

Th« Imposition of a standard testing procedure, while s lap 1 if y- 

irV the experimental work and facilitating conclusions, does 

limit the validity of the results.

In order to extend the scope of the results of

additional tests were perforwed in which the iff0Ou

procedure was varied, one 'parameter At a time. The erjeoia

which were investigated were:

(i) The effect of the shape of the sand part Id** •

(11) The effect of varying the Initial density of

filter test samples.

(HI) Thi .ff.ct. of ln'“«l l«J»rlnp of tho

due to segregation of fine material. .

(iv) The of feet of the direction of flow relative

(v) The^’offect or variation in the hydraulio gradient

across the sample, . A «P

(»1) The offoots of n«rl»«t of the a c t • t 

segregation and purity of the inricwfing

(1) The Sffoct of Particle Shupo

Tneoretlcol o o n s ’deration. .ould l.ad on. to
that the shapo of the sand particles would nave itself

lnflu.no. on whether « .-:,nd behaves „?„„t 

or not. The effect of sub-anguJaiit-y Jn* £ 3D]intors) is

angularity (for example in crushed rock »nj P d (

to decrease density vory r.oUrlRUy i n ^ t h  t.o of 

conditions. This decreaso in density of a sana comp
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a n g u l a r  particlea as compared '-ith a sand of Identical grading 

c o m p o s e d  of rounded particles arises due to a looser packing 

of the sand grains. This looner packing leads to larger voids 

and channels within the sand which might be oxpoctod to 

facilitato the internal migration of soil particles by 

providing leaa restraint both to their initial movement and 

to their subsequent migration. On the other hand for the 

game void ratio, a sand with angular particles would bo 

e x p o c t c d  to bo tho moro stable duo to the groator frictional 

an<’ interlocking restraint to internal particle migration.

To investigate this it was decided to compare tho 

behaviour of two nanda of identical grading, one composed of 

r o u n d e d  particles, the othor of flaky and angular fragmenta.

Van Ryn Sand was aolectod as one sand. It is compocod 

of rounded to subrounuert wntcrworn particloa and when tested 

by moans of the apodal filter tost showed a failure of type

(a), a wcll-developod 'hystervtit loop* bolng formod on the 

cumulative aemi-log. grading chart. An artificial sand was 

now made up of sand fractlcna a loved out from a crushed 

Witwa*erarand Quartzito consisting of very angular and flaky 

partlclca. After mixing, tna artificial sand was reaie.ed arJ 

Its rratilng was found to corroapond vory closely with that of 

natural von Ryn aand. Tho two sands wore testec* using the 

standard procedure for thia typo of filter teat.

It was found that tho aand composed of angular particlc- 

ahowad grading c ■•.*.• the natural va.i Ryn aand. The

natural aand showed very slgnifleant rrading changes with a 

well defined coarsening of tho upper rogion of the aample due 

to tha downward ra on of fine mater la J. changes ir.

the artificial sand wore ao amall aa to be hardly alfnifleant. 

The lower portion of the sample scorned to hove become rot..or 

finer, but the upper portion hod undergone no porceptioie

change•

The initial void ratio for tho natural aand sample was 

0*764. ""horo wao no moaauroabl% ccnaolidation of the •MJP-1 

but due to loss of * of O.90‘,. of original foil weight, 

tho final void ratio had incroaaed to O.770*

On tho other hand the sample of » i * t i r i c “IJjLSiid™ 
Initial ratio of - docroa- J1* !
atIon t in  •ccompanylng loaa of fine material of

0.7*;;.

Thoao void rotioa ahow that the two standard toata 

cannot dircctly be coc/ared an contrary to c o w o n  

the denalty of the sand with roundod P*rticlo« la leaa than 

that with angular particloa. Thin vory looao atructure of 

tho natural oand probably aroao due to uplift of tho jai. 

during tho Initial saturating ;>rocosa aa o result of the test

cylinder not boing completely lull.

A bottor comparison can bo obtalnod ch waa

artificial aand and a aomplo of natural van ayn ia ^  ^  

lightly tampod into the teat cylinder*. * P of

lnft!al ..old r.HtU . « •hi.h lnor....a *».J« *
"  ' ■ " I S I S ' S  th. S H .  t m

it- >n. Thia sample s! .H the untamped aamp1

and of only slightly smaller magnitude than the untampea a w

Aa a roault of these comparisons **

the offeot of frictional restraint duo rJi0iM  of

particles on tho internal o f ‘ rL „ d  void

an angular aand outweigh* tho effect of the Increased voio

spaco.
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A3 a result of this one teat the Indications aro that 

for sells of the same grading and of comparable void ratios, 

a sanrt consisting of angular fragments tends to bo more stable 

agairi3t change of grading than doc3 a sand coinpo3od of roundod 

particlos. This internal stability is probably due to a 

greater internal frictional and interlocking offoct bctwoon 

angular, flaky particles than between rounder’ grains.

(ii) Tho Effoct of a > -rylnr. Initial Penalty

The distribution of purtlclo 3ltea and particle shapo 

has been found to havo « vory important influonco on the 

donsity of granular matoriala. Dens’ty Is found to bo 

influenced not only by the degroe of . lnrnca3 of a matorial 

and the ran^e of particlo oisca but by the distribution of 

articlo 3 * zc3. Convoraely, thorofr *, it 3eomo roasonablo to 

expect that the initial done It” of a filter sand before any 

flow has takrn place through it aould influcneo the stability 

of that aand against ohangoa of grading duo to internal 

particle ion. A aand placed with a low void ratio, for

•xample# due to the smaller sites of its ids and

channols could bo expected to havo a moro stable grading than 

tho aar.o sand in a very loose at.ato.

As It is vory difficult to control tho veld, ratio of a 

... , o yond placing with a itandard conpactive eff rt» la fcha 

standard procedure used for filter tests no control of the void 

ratio was attempted. The sand was simply poured Into tho tost 

cyllndors In the loosest possiblo atato and allowed to 

consolidate under the pressure of the poredating water.

Additional tests wore carried out on two sands to 

investigate tho effects of varying Initial donsity on

J'ng chang o to flow action. The two ™ n_?yn

aand and Crusher Sand ’A * wore ratnor similar in e^ape of 

grading curve as tho s u p e r lraposod curves for the tw^ 

show. The van Ryn oand consisted of founded'"J^erworin 

porticlos while the crusher sand oonslated of •[*

''lekv #,**acr,cnts • In cach case the rosults o. the standar

filter’ tests conductod on loosoly placed samplos

with those of Identical teata conductod on compacted samples.

wore

p or tho van Ryn sand 

prepared aa follows:

three
samples wore

tested which

Method of Compaction

Initial

Void

Ratio

Pinal

Void

Ratio

No compaction

0.’’64
0.776

10 Blowa, \0 ot
Tamper# 1"

layers
0.f'26

0 »S3'-

30 Blows, 10 or. Tamper, 1"
layers 0 »b£5

0.554

In no caoo was thore any o b a o r v a b l o  coi.s of th0 tests

lncroases In ovorall void ratio during t lo8# Tho

were duo to losa of flno materia, from 1 * 9up0rlnposod

grading onvolope3 for tho various tosts hav dlfforonco betwoon

and it will bo soon that thero la Utfclo w a l  dingo mode of

tho envolopea for tho varioua sawplcs• J tod sar.iplo as 

failure is sUghtly different for tho u n c o m p a c t e d  sa v

comparod wltu tho c o m p n c t o d  aanplos •
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For tho crusher aand onlj two aamploa wero toatod:

Method of Compaction

Initial

Void

Ratio

Final

Void

Ratio

f No compact ion 0.791 0.791

r~

| 30 blow a, 1< . Tan.pt r, 3" lay ora 0.564 0.555

In neither cr ao was? there any overall loas of matorlal from 

tho sample. The ovorall void ratio romninod ccnatant for the 

unco: racted sample ea thcro was nc visible consolidation.

For the ^ompactod sample, strangely cr.ouch, thero was a 

rcaso In overall void ratio due to alight consolidation.

Both jarplo^ *hewad very aignlf'cant chu* os of r.radln;;. >.e 

modes o<* fall .:•« wore slightly /cn. roc t t w r  c-i6-.i.

Although both ?»ariplv-3 hi*'* '■'i .f >*. a pur** *'*4lo enfcutloii c 

tho finer par tic lea, the gr %1ing curvo of the lower port ion of 

tho uncomjjact id sample also underwent a chanc® of shapo.

The so two teats show tnat regardless of tfa shape of 

the particles co^atltutin£ iht< aands *hc density at which tho 

filter ltvor La j,I*ccd docs twt appear to havo ssv.ch Influence 

or. tho in rrnjil Stability e aand. In view of the known

dooendonco of density on tho shap* >f tho grading curve, 

however, It mi.y happon that ’'or sands with grading < urvea of 

difforont shajoa tho behaviour might bo entiroly differont.

Apart from the above conalderationa filter layers 

should bo plat ed In as donse a statu as posaiblo to achlevo a 

strong filtor layer without any local zonoa of weakness. It 

was found in loats on largo model fll’ors (to bo reported on 

liter) that 1 itcrm.1 grading :hangea in a layer of aanu wore 

often initiat-d locally by the opening up of ohanneia or 

’pipes* through week zonos in the fll’er lnyora.

<*ii) Initial of the OajiJ

It wen found that no matter how care, -.lly tho tost 

cylindors wero filled, aono a ; nc f  the sand took 

This caused >.cgroCation of tho fine fraction «f J*

bottom of oaoh snail layer and rooultoo in the comploted aanpxc 

being divide! up by a series of closelv spaced ljyep* 

material. T c a r^odlatoly riying ®»jh f:ine li 

gonor-lly or '.poaod of tho coarsor grains and thus each lsye 

of flnoo wuo, in offoet, flltorod by a layor of coarser 

material.

Il- th U  form.itlon of T i l t  r cklna' pro« 4  prjotUaUy  
unavoidable ur *• ry oondl o, it is extromeji^

unlikely thi t any practical filter would escape the formation 

of this layurlng during the procesa of levelling tho aanfl 

raking, etc. Th«. i ' w*y °r P l a n t i n g  layering woul

bo to placo tho aand In a molat condition.

It acems eort*ln that «hon tho

conmunooa t irough any layer of arti. lolal*} r« ,e

chingts of grading will occur duo to a mlgra continue

material lr the direction of flo*. Thi* points

until a stable filter structure Is ostabliahod at all P
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