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within tho 3and layor. This filter structuro is envisaged as 

a aorios of almost microscopic "voissoir archos" bridging tho 

voids in tho soil, tho relation betwoen the particlo sizes of 

s u c c e e d i n g  layers in oach snail voissoir arch being such that 

no soil particlos can pass through into tho void b yond.

This almost microscopic arching action within a sand 

c o u l d  actually bo soon in some of tho test cylindors.

Tho rapidity vith which this 3tructuro is established 
In a 3">il layor will dopond on conditions at the boundary of 
that layer of 3 oil. If tho soli ltsolf is layered internally 

In the manner described, tho production of a stablo 3tructuro 

will be alowor.

When flow starts, for example, a layor of fine matorial 

near the bottom of the te3t cylinder would possibly bo washed 

through its supporting layor of coarsor particlos. Tho layer 

of fines Immediately abovo thi3 would now tend to bo wa3hed 

through two coar*3o layers and so on right up tho noight of the 

sample. Tho nott rosult would bo that the bottom of tho samplo 

would grow progrossivoly finor while tho upper half grew 

progrossivcly coaraer. This process would continue until a 

balance was atruck and a stable flit tructuro formed.

To invostIgato the practical importance of this 

internal layering/ a apocial test was carriod out on a sample 

of van Ryn Sand, ln this tost the sample was thoroughly rr.lxod 

in tho test cylinder during and after filling. Tho resultant 

sample was, ia far as could bo soon, completely homogeneous 

and*devoid of any layering. Tho samplo was toated in the 

normal manner.

Tho initial void ratio of tho sample was 0 .66S as 
comuarod with tho samplo tostcd standard procoduro v/nich 

had an i 1 void ratio cf 0.7b*. Aa tho initial volu ratio

doos not inf luenco tho changes of grading very much t.ie t, o 

samples wcro comparable.

Tho superlmpoaod ,-radlnc curvoa show *

in tho cha- . Mr.,; : homT??° U’™ 1Pi n d i w e "

The difforonco botwoon tho gradings oi tho uppor

halves of tho 3amplo is not significant.

On tho basis of this test, it appears that tho :

i r irtu.^r akir**<1 bv segregation of finos lias a
and formation of 'filter s k I t  oy flr, n rutor

great iiifluonco on whether a .mn.i - 1  l_ ‘ , biondod tho sand,

S r a K S . r . - S i .  -

tho less will bo the c o r r e s p o n d i n g  change in gra ng

(iv) rho Direct lfr Hclat lv_cL_to Gravity

Gravity could bo expected to .Id Internal chance.| of 

cradlng If the flow wore ln a vertically downwara air

(1 ) by Its downward force on ^ 0 f£v£j*,P5 croC Intermittent 
< 1 1 1 bicnuio. If for "one rca ion'the llov^*.uro^ ^  ^

gravity would hold partKlca .. • would bo

furthest petition aiongtho r K r f f o o t  

no tendoncy to droP.^Jcl̂ * irieanct' in caoos whoro 

naturally bo of Pron.er sic critical valuo

tho hydraulic gradiont la n foroos aro capablo

of 0 -1 / 1  ♦ o b e y o n d  which tho floj joroo,.
of bodily transporting the oond p

L
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No tost was mado using vertically upward flow as it 

was f o u n d  that tho uplift which occurrod led to turbulence and 

• b o i l i n g 1 in the sample. This was unsatisfactory bscauso tho 

c o n d i t i o n s  within tho tost cylinder woro ao variable and 

becausc tho 'boiling1 provcnted tho formation of a stablo 

filtor grain strut uro.

A tost was carriod out U 3 i n g  flow in a horizontal 

direction. In this cace tho 3amplo cylinder (of van Ryn sand) 

was laid on its side. Othcrwlso tho touting procedure was 

u n c h a n g e d .  Tho hydraulic rradiont was high (14.3). This wa3 

p e r h a p s  toe high to show up tho cffocts of gravity, but will 

acrve to show up tho offoct3 of horizontal flow.

It wu3 found that thero was practically no differonco 
in tho grading changes which took placo in this type of sand 

duo either to horizontal or vortically downward flow.

Thus provided the hydraulic gradient in action i3 well 

in excess of the critical gradient for the sand any grading 

changos *hich take placo aro independent of whether flow is 

downward or horizontal and henco presumably In any inclined 

direction botv/oon these two limits.

All this 3orio8 of testa was porformed with flew 

normal to the laboring producod w'nilo filling tho tost 

c» - t-3 . it in impossible to say, without further tostin^, 

what offocts tho direction of flow rolativo to the direction 

of the layoring would have on the internal stability a sana.

(v) The Effoct of the Magnltudo of tho 

Hyc.raullc Orailor.t__________________

It is reasonable to expect that the greater tho 

hydraulic gradient and henco who grcator the internal fl

trrcator will bo tho tendoncy for migration oi tho 

Mrtlcloa to oloc. within . oand. This nust be balanced

against tho expectation that greater Jill

load to increased intorgranular prosouros wHlcb In tur*a will 

increaso the ‘'rlctton.-l resistance to particlo movement.

In this series of tests, the highest hydraulic gradients

wore usod that could bo attained " ̂  'I t0 f0rco tho

apparatus. The purpcsc of this was •"attempt to force m o

grad in,': changos to be ao large as possible.

Only ono rathor unsatisfactory tost wso curled out 

in this connection using n low hoad> ThOJj filfe t t avowed 

Artificial Sand No. 1 which rEllS gradient for

no significant changes of gr . T . V x hoad toot
the standard to3t was 14.? while tnat ior
was 2.77.

Tho Initial void rot loo for tho oonpioo

n.nsc respectively, wh 1 th 8amplo tostod

Honce thoro was c o n s i d e r a b l e  c o n s o l i d a t i o n  in

undor low gradiont.

Thoro wao no alenlficant chanf-.o in grndtne of tho sand 

usod in thin tost.

In this caso, although the ^ ^ o n r t h ^ d i f f o r c n c o

startod with the sand in a v°ry lo so 

in hydraulic gradionts had no visiblo oif
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Although there 13 no diroct experimental evidence to 

c o nfirm this, it ia the opinion of the writer, aa a result of 

his observations during thia whole inveatigation that the 

effect of a low hydraulic gradient ia merely to retard the 

f o r m a t i o n  of a stablo filter grain structure* The final re:’ 

is probably tho aane whatever the hydraulic gradient, alway3 

p r o v i d i n g  that t in excess of the critical value, so

that the seepage forces are capable of bcdily transporting the 

soil graina.

(vi) The Effect of Air Segregation from 

the Percolating ’Wator______________

One tost was done ucing a sample of Artificial Sand 

Mo. 1• The 3amplo wac saturated from abovo ’vith no attompt 

to de-air tho sample by evacuation and the entire test wa3 

run on tap water. The sanple at first contained numoroua 

largo air bubbles but as tho test proceodod theso gradually 

disippearad and the apparent permeability of tho sand 

increased•

There was no change In the grading of tho sand. Apart 

from rotarding tho rato of flow through th soil, the proacnce 

of air bubblos in the voids doeu not appear to havo any effect 

on possible grading changes.

0KCLUS10KS AKD CPI.'MENT^T ? v 

Cone luslor.j :

When a lever of freshly p’aced sand of eithor iiatural 

or artificial origin ia subjocted to the action of percolating 

water, i' Grading, will F?

arramencnt of tho porticles will proceed unti- a etabla 

structure is built up within tho aand which is ablo to "Itjl“

atand tho aoopagc forcoa occurring ana r**J"‘fur~ J r J ^ n t  

of aradinr aithin • rne exteru

to wnich tho grading hoc to chat^i bo.'oro a

can b. .atabllahoc: •«■ aand to .and. In aon. aanda tnc

chongoc aro lnnporoclabl.}for alnrlo alced » .nda tho* or. nor. 

•xlatont, In o t W a  they aro ao largo .a to notlc.ably alt.r 

the character of the original aand.

Strictly, no aand bohav.a aa a 

until a 1 -crned. J" *11** *“•?!*

howovor, only aamla which roqulro aconaldorablo 'hango In

thalr original pr.rtlclo M c o  dl»tr,butlo" ab“5 ^ 3

flltor a-.ructuro Is oatabllshod ar. Qon«ld.r.d ;o bo aanda 

•hlch do not bohavo aa fllt.ro within thera.olvoa .

(1) Sanda which In tholr recent pa.t h « v c  boon =UfcJoctcd 

to th. action of percolating W W

ao rlvor aanda, aanda :ran ,*tfj0 iub)octtt>

or aitiriclally aa filter media o r e  Uttlo »uo.ior 

grading changes and the changea which do occur «r

lnbgradlng'bofor^n^atablo flltor 5 S S f - r .  oSn bo 

ostablishod.

(ii) Thero ia no particular typo act^s filtors

clearly charact.rlatle of ^ ^ S o t J I r c  which

within thomaolvoa. J3 11 c ,(.nn,ea jn grading

hno tho controlling lr̂ j n^i*uctur^aro incidontnl. 

which go to establish thia a u u c t m
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Nevertheless, rivor, pit and crusher 3ands which do 
not bohavc a3 filtor3 within thomaolves have been 

found, on tho avorago, to have a greater porcontage 

it of partlolea finer than th . DO Tyior 

siovo size (74 microns) than do sands which behave 

a3 filtors within thonsclvca. Also, sands which do 

not tehavo a3 filters within thomsclvo3 goncrally

&avo a groatgr scatter (as ropresonted by tho ratios 

G5/Di5 and ^SO/Diq) than do 3ends which do behavo as 

filter?, within 'hbmaolvoa.

(lii) For sands of the sane gradinga and comparable void 

ratios, a aand cons 1 st In# of angular fragments is 

more stablo again3t chances of grading than is a 

sand consisting of roundod particles.

(lv) Tho density at which a aand Is placod has little or 

no influonco on tho nagnltudo of the intornal grading 

changes likoly to take place In that sand whon usod 

* 3 n flit /or. \ low density may, howovor, load

to channollinj and cauao local changoa in grading*

(v) A sand will bo moro stable against changes of gradine 

and tho intornal Tlltor grain structure will develop 

more rapidly if tho acil is complotoly hoaiogoncoua 

throughout than if it is poorly mixed and contains 

randomly distributed coarser and finer zones.

vi) Apart frcr. 'boiling' and othor internal Instability 

cauaed by upward flew, an/ changos in ParJ lci® alJ° 

distribution will occur lrrospuctivo of the c^rect 01 

of flow rolativo to gravity.

(vll) Oradlnf ehan*o. will take placo provldod the hydr.ullc 

jroliens 1, laree er.ouCh to bodily t«n»port tfeo .oil 
. A  stablo 3 true tun will bo formed r.ore 

rapidly undor a high hydraulic grudiont than under 

low one.

R.eomr.endattons Tor the Selection and U,o of 

Sands Required to Bohavo aa Filters w!th*n 

Tho.naolvon. -- --- ------------ -—

s a tic! a forr.ed oy In situ doconpo.ltlon of g.ologloal 

deposits•

siovo) should bo limited -o * ltw*\w0 r*tio "86/Dia

s  h s e  £  s  u .  « t u

should bo llnltod to botwoen 6 and 7.

(Ill) Sand, for H l t o r  layer. ,hould bo p l a c o ^ l n ^ . ^ n . e  a

formation of plplns

channels through tho layci •

(lv) Filtor layer, ohould b<= made " ^ . . I b l o

with a minimum of layer lng cither by mixing tho

material. This o*n bo ao h n £ ing ln

nand after It ha. been “J lllelnr, tho .and

the dry beforo placing, followed y

in a damp condition.



CHAPTER V

t e s t :: o k  m o d e l  f i l t e r s

INTRODUCTION.

Having investigated tho offocts of percolating wator 

on the gradings of iaolatod layors of filtur sands, tho next 

step ia to look into the behaviour of the sane aanda when 

used as a layer or zone of a filter bed.

These testa on model filters woro carriod out using a 

large dianetor pressure filter tank. The objoct of tho teats 

waa tv? find whether the internal behaviour of a layer of aand 

with regard to tho stability of lta grain structure haa any 

significant effect on tho performance of the zonod filter of 

which the layor forma a part. This report will describe:

(i) the construction and operaticn of the filter tank;

(11) tho ,.’<slgn of tho experimental filters;

(111) tho behaviour of the filters during the test; and

v) tho results of the flow measurements taken*

Finally, conclusions will bo dra'tn as to whethar the 

fact that a sand does not bohavo aa a filtor within itaolf 

har any deleterious effect on Its oporation as a component o*' 

a layered filter.

T!EE CONSTRUCTION AND OP^IIATION OK TICE 

PRSSSuni: r i L T E h  ".m:;: __________________

Tho genoral arrangement of tho pressure filter tank 

and its associated hydraulic circuit is shown on tho 

accompanying photograph*

The circuit can bo adapted for flow In eithor an 

upward or a downward direction* For downward flow, the 

arrangonont is aa follows:

A ana11 centrifugal punp driven by an electric motor 

forces tho water in at tho top of tho filtor tan»», throug.; 

tho filtor bod and out at tho bottom of the filter tank* The 

suction aide of tho punp ia aupplie* :ron tha^bot.or of a ■ 

•upply tank. rh« discharge from the bottom i

ia re-fed Into tho top of tho supply tank. A bourdon typo 

proacuro gcugo tapped into tho delivery 1 no from the P^'P 

registers the pressure dovoloped In order to forco

through the filtor bod. For upward f 1 ■ the

tho aano oxcopt that tho delivery la through tho b ttcm ol tna

tank.

Tho filtor tank consists of a throo foot 

15 Inch diameter steol pipinj with the lowar end clo.od by

atool plato welded to t‘.e pipe. A * *!?c J ’JJL t?rk onabllng 

ebaorvation window runs tho full holght of t orrached. 

tho action of tho filter to bo o b a o r v u d  »nd p h o toc,r p ^

The tank la closed by a * inch thick c lr(^ ' * ' tanjc# The 

groovod on ita underside to roccivo tho ?*** nd i» scaled 

top pinto is retained by 10 hinged wing-bolts and la 

shut by a circlo of hoavy rubbor tubing lining



VIEW 0^  PRESSURE FI TER TAKA WITH CIRC 
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The tank ha3 an inlet through the contre of tho top plate 

and an outlet and drflinago valve at tho bottom.

The prossuro filter tank circuit has tho groat 

advantage of being entirely self-contained and can bo left to 

run for days on ond with tho minimum of attention.

Water loss i3 vory 3mall and it was* only found 

necessary to top up the supply tank once a day. This, and 

lubrication of tho motor and pump was tho only attention 

requirod.

Tho centrifugal pump supplied a constant inlet prossuro 

with a vory small discharge. Tho hydraulic gradient naturally 

a d j u s t e d  itself to suit tho resistance to flow offorod by the 

filter bod.

Plow measurements woro takon by simply diverting tho 

discharge into a 2 litre measuring cylinder and moasurlng the 

rate of flow using a stop watch.

THE DS3I0K 0? THE JXrKBIMEMTAL PILTITRS

The tests wore carriod out in two soctioiu..

In tho first section a numbor of zoned filters wort 

doslgnod u s I t v , for foundatl* » matorials a solection of sand?’ 

which had been usod in tho special filtor tosts. 

usod included examples of sands which undorwont oxtensivc 

grading changes and others in which tho grading changes woro 

of no significance. The protective filtor layers for these 

foundation natorlals wero mado up of single sized sands thus 

confining any troublo duo to grading changes to tho foundation 

layers•

The object of those tosts was to discovor if sands 

which did not behavo as filters within themselves obeyod the 

normal filtor design criteria against '•logging of the filtor 

layors by loaching out of tho fines in the foundation raatorial.

All tho filters woro doslgned according to tho 

Terzaghl-Bertram crltorla.

The sands usod and details of tho filter doe^gn nro 

as follows:

Hand

Behaviour 

in Filter 

Toot

Crusher Sand 'A » N.F.

Crushor Sand ’D 1 F.

E.R.P.M. Dump Sand N.F.

| E.R,P,y.. Ash N.F.

Bartlett’s Sand N.F.

! Artificial Sand No. 1 F.

D1S Filtor Pis Filtor ,

D(Uj Foundation D15 Fount *tlon !

3.S
28

£.4
120

J.7
12

1.4
334

2 .9
52

2 . 1 47

In this table:

"P." denotes "the sand is a filter within it;;}*•” „

•• "hhn aand is not a filter within itscxl .
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It can be aoon from tho tablo that all the filter layers 

satisfy the requirements of the dosign criteria; viz:

P 15 FILTER 4 to 5 Dls FILTER

D05 FOUNDATION D15 FOUNDATION

In the second soction of tho tests two similar filtors were 

compared against a third. In cach cn o tho foundation material 

was an artificial rocV:-flour, a ''slimo'1 residual from tho 

cyanido ^old extraction process. Thi3 matorial was so fi 

that tho entire particlo size analysis had to bo carried out 

by hydrometer. The matorial was induratod with a powerful 

flocculating agont so that a 3pocial doflocculator had to bo 

usod, tho solution was noutrali3od and allo-vanro had to be 

ran Jo for the fact that the specific gravity of the liquid in 

the auaponcion was opprociably creator than unity.

Tho first filter layers of the first two filtors woro 

composed of sands; with similar gradings covoring a large 

rango of partial* slzo3. n« of those. Crusher Sand •B' 

bohaved as a filtor within itself, tho other, Bartlett’s Sand 

was not a filtor ./ithin itself.

Tho first two filtors wcro two-layer sy3toma, tho 

third or control filtor wa3 a four-layer systom composed of 

slnglo sized sanda.

Tho objoct of those testa was to seo If a sand which 

was a flltor within Itself gave a hotter protective filter 

action lhan a similar sand which was not a filtor within 

itself. Also, to pet sono indication of whether tho "ersaghi 

design criteria, set up a3 a result of to3ts on singlo sizod 

sande aro applicable to aanda covoring a largo range of 

particlo slzos.

Details of tho dcoign of tho first layors of tho 

filtors are as follows:

r —  1 ....... .

I>15
Filter

®lfi
Flltor

Sand

d G5

Foundation
D15

FoundatIon

Crunhor Sand ’B 1 

' Bartlett’s Snnd 

’*'*100-*200 Sand

1.3

1.1

2.6

10

16

34

All thoso ratios are well within tho specified lkaite.

THE BEHAVIOUR OF .05 EXPERIMENTAL 

FILTL'R:> DURING THL TEf.T___________

As tho photographs show, tho filters for eaca sorloj 

of tests woro placod In tho filtor tank ono on top of tho 

othor.

Tho tunk was flllod in tho dry, oach layor being addod

to it3 prodocosaor with tho greatest of care by sprinkling on
by hand in half-inch layora, oach layo? boing woll-tamped

using a flat circular tnmpor inches ,n 1

accompanying photographs of tho t'lrst ahow

takon of tho dry filtor layors. The photographs cloarly
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that tho quantity of finos which foil through into tho filtor 

layers bolow wa3 in oortain casos quite appreciable. This 

docs not reproscnt a failure of tho filter as it is inovitablo 

that sufficient fine material must fall into the filtor to 

allow the larger particlos in tho foundation sand to form 

stable "grain 3tructuro bridges'' spanning tho voids in tho 

boi ndary betwoon filter and foundation and preventing further 

paasago of fino material.

Once tho filter tank had been fillod with dry sand, 

the filtor bods woro saturated with wator from tho bottom 

upwards by filling tho disconnected dischargo pipe with wator. 

Tho upward flow was very gentle, tho head causing flow nover 

exceeding a few foot. This method of filling tho tank causod 

no visiolo disturbance to tho filtor layers.

Immodlately downward flow was 3tartod, a genoral ro- 

arrangemont of tho grains in tho filtor layor3 took placo ao 

the filtor particlos novod to form arching structures stablo 

enough to withstand tho flow forcoo. A vory small additional 

quantity of fino material washed through into tho filtor layers 

bolow. Apart from this tho filtors all bchivod perfectly 

until piping failuro dovelopod through weak zono3 of tho 

filtor bon. is weak zones ai.vays occurred at tho boundaries 

botwoon tho tank cad tho filter layors whcro the compaction 

achioved by tar.ping was poor.

Tho m a c h a n i s m  of tho3o piping failures was as follcws: 

Tho flow tonded to concentrate itsolf through tho poorly 

compacted, raoro permoablo zones of tho filtor. Tho soopago 

forces through such a region would incrcaio until suddenly, 

with a rusl. ttsrial into the filter, a jpipe would open up.

Tho aidos of tho pipe would thon rapidly bo oroded away until 

tho filtor layor above collapsod into the pipo, filling it 

with coarse particles. In tho rroantimo tho fino matorial 

washed through tho pipo would bo clogging tho filtor layor 

below and decroaslng its pormoabillty.

The collapae of tho uppor filtor layer into the pipe 

invariably initiatod a progressive failuro by piping right up 

tho holght of tho filtor tank tho process for each foundation 

bol:»g similar tc that described. The ryst., . •

gradually stabiliso itsolf until a now piping failuro startod.

Exactly tho samo phenomena woro observed with tho 

3orica 2 tosta. The photographs c*oarly show the form which 

the piping failuro takoa and thoy illu3trato tho action of a 

progressive piping failure and tho clogging of filtor layers 

by fine matorial washed through tho pipes.

On emptying tho filtor tank, it was found in each ease 

that piping failuro had occurred right round tho odgos cf tho 

tank. An illustrating photograph Jhows how tho originally 

piano surface of tho top stono layor in tho tank hua bccono 

aomod by tho downward collapso of tho outer odgos of tho 

iiltor boda as a rosult of piping.

Although thoso regions of tho filter layers which

nad failod by piping woro much more confusod with tho layors

intern:inglod ao the photographs show, tho interior of tho

riltor bod was completely undisturbed, Each layor was

coir.plotoly soparato from its follows and no washing through

or fines from tho foundation soils into tho filter layers 

naa occurrod.

thr> !£?.aand lfty°rs* regardless of tholr behaviour in

action iiltor tost3 had provided noar porfoct flltorlng
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At intrrvala during both to3t3, measurements wuro 

takor. of tho timo olapaod from tho start of tho test, tho 

prossure drop across tho filter tank and the rate of discharge 

through the filtor. From thoso measurements mean 

permcabilitJos wore calculated for the filtor bed and graphs 

showing tho variation of this pormoability with timo were

proparod •

These penneability-timo graphs givo an excollont 

record of tho changos occurring within the filter tank as 

time progressed.

Considering tho graph for tho first oories of tosts:

Tho initial rapid incronse in pormoability accompanlod the 

opening up of pipen r. I in tho filter. Tho

pormoability thon dropped off as matorial from tho foundation 

layers was waaLud through the pipos and cloggod tho filter 

layers below. A socor.d sudden lncrcaa© in pcrmoabillty 

occurred as a further piping failure dovelopod.

Considering tho graph for the second sorlos of tests:

The initial decrease in por?. ability indicates the compression 

of tho filtor bed with consequent reductions in tho void 

snacos. ibility tiion suddjnly lr.croasod aa piping

started and progressed. A*' lllty decroasod

gradually as tho fine mat'rial washod through tho pipes and 

clogged the filter layors.

Tho cyclos paoaod through by the two <*lfforent filtor 

beds, ono ton times as permeable as tho other, havo very 

alnilar forms. This process of sudden failuro by piping and 

sub30quont ro-stabilisation by movement of the filtor sana 
would probably havo boon found to continue with a decreasing 

amplitude of the "per .cubllity aaves” and an increasing timo 

between wave poaka had tho tests beon cor.t inut'. '‘Sor.

e

11ZCV33ION AND CPNCLUC IONS:

With hydraulic gradlonts of u p  to 34$, thia ®cr*°# 

of filter tank* tests must surely bo among tho most so\ jre to^ .j 

to which filtors navy ever been aubjectod. Condition* 

probably at loast 50 times more aovcrc than those u n d o r *• 

norr.al Jrnlrm.-o or protoctlvo filtor would b. roqulrod to

oporato.

Tho f.’rst scries of filtor tests showed that for the

samples of aanda which aero teatod It is not k»Pir%taiu .* ■

I aand behaves la a f!V r wlthir l a ’ • t. OT tft »  

aanda tostcd, four underwent extensive

the apodal f i It t. ' Wcll by the

failuro, thoso four sands ..*ro rota^no • • which did

"aln^lo-alaod" filter layer, as wore tho othwr^two w h l o h j i o ^

not change significantly In it doos not

point r f V 1. W : nit . h i u t y  '.a M  1 In Itself.

natter If a aand do^s not behave as a filter witnin n  ex*.

Within tno filter a thS0,,cntranco" and1

take place and th< grading will^ VJ Jrdarlo8 cf tho layor intor- 

oxit sidos of tho layor. At the bouraario- ~ r to an

mingling and leaching out of the structures have

insignificant, extort until stable 'brldCo structure

boon established.

vT.au measurements .
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Oncc equilibrium has boon roachod, howovor, tho filtor 

system w i l l  bo stable and will function officiontly.

The s o c o n d  series of tc3ts showod that the Toraaghi 

dosign c r i t o r i a ,  although established by to3ts on single sized 

sands, do hold for graded sands. Also that a non-filter givoa 

as good a protective filtering action as doo3 a sand w h i c h  

bohivca as a filtor within ltsolf.

An examination of tho filtor layorB after tho t03t 

ahowod that in each of tho throo casos, tho fino slimes 

f o u n d a t i o n  material was perfectly retained whoro tho layors 

wore not disturbed by piping.

It 13 probable that no piping would have occurred had 
the hydraulic gradients boon loss sovore. The oxporionco 

♦ainod in thoao testa shov/3 tho importance of having 

s t ructurally uniform and strong filtor layers if a filtor is 

to operate n» designed. Piping can bo a no3t destructive atvl 

disrup ti ve agent an ev at bo taken to prevent it.

For this reason, anything which night cau3c local c o n ­

c entratio ns of flow must be avoided. If a drainage pipe, 

outlet conduit or aomo other feature has unavoidably to cut 

three,;, a flit cr layer in the direction of flow, cut-off 

collars should b e  providod to lengthon tho flow patas and 

3pocial c a r e  ahould bo takon in compacting tho filtor matorial

•

The last four chaptors have all dealt »Jth the action

of water on the Grndlnc» of filter aando »“*'*“*} “'a “ 01 

to which tho flow of wator Is responsible for the failure ox

filtors. It now remains to cc: ^ ca ? L C ,;aa

to physical and leal woathoring of §and particles.
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