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THE EFFECT OF INTERNAL LAYERING ON CHANGES OF
QRADING.

CHANGES oFr GRADING ARE
THE FHOTOGRAPM

INCREASED
THESE GRADING CURVES SHOW WOW
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BY THE PRESENCE OF INTERNAL LAYERING
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within the sand layer. This filter st

a series of almost microscopiec "voissoggczgzgeig g:}ésggodt;a
voids in the snil, the relation betweoen the particle giggs o;
succeeding layers in oach small voissolr arch being such that
no soil particles can pass through into the void b.oyond.

This almost microscopic archi action wit
could actually bo seon in somec of thon%est cylindo?:? . e

The rapidity with which this structurec 12 estad
{n a 80il layor will dopend on conditions at the boundai;sggd
tba:hlaz:r of 3011.1b13 thg soll itsolfl is layered internally
n the manner described, the producti
will bo slower. ’ P on of a stable structure

When flow starts, for example, a layer of fine
near the bottom of the test cylinder would %ossiblyibo :::g:éal
through its supporting layer of coarser particles. The layer
of fines immodiately above this would now tend to boc washed
through two coarsc layers and so on right up the aoight of the
sample. The nott rosult would be that thec bottom of tho samplo
would grow progrossively finor while tho upper half grow
progressivoly coarser. This process would contirue untll a
balance was struck and a stable filter structure formed.

To investigate the practical importance of this
internal layering, a spoclal test was carried out on & sample
of van Ryn Sand. In this test the sample was thoroughly mixed
in tho test cylinder during and after filling., The resultant
sample was, aa far as could bo seen, completely homogeneous
and devoid of any layering. The samplo was tested in the
normal manner.

The initial vold ratio of the sample was 0.€85 as
compared with the samplo tosted  standard procedure which
had an 1ritial vold ratic of 0.7cx. A2 the initial void ratic
does notinfluenco the changes of grading very much the two
samples were comparable.

The superimposed grading curves show a groat reduction
in the chango of grading for the homogeneous sample of sand.
The difference botweon the gradings o the uppor and lower
halves of the sample is not significant.

On tho basis of thls test, {t appears that the layering

and formation of 'filter skins!' by sogrogation of fines has a

eat influence on whether a sand w:1l bohave as a filter
within itaolf or not. The more homogenoously blended tho sand,
the sconer will a stable filter structure form within 1t and
the less will be the corresponding change in gradlog.

(1v) The Diroction of Flow Relativo to Gravity

Oravity could be cxpectod to ald internal changes o{
grading if the flow were In A vortically downward direction:

(1) by its downward forco on the moving particles;
(11‘ bgcnuao. 1f for some roason the flow were intermittent

ravity would hold particles which haa moved in tho
?urthoat poaition along their path - there would bo
no tendoncy to 'drop back'. The effoct would
naturally be of greater alpnificance {n cases where
the hydraulic gradioent 1s noar to its eritical vnl:g
of G-1/1 + ¢ beyond which the floW forcos are capablo

of bodily transporting the sand particles.
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No test was made using vertically upwa
rd f1
was foun? that the uplift which occurrodyleg to turg:1§:cétand
poiling' in tpe sample. This was unsatisfactory because the
gond3::OE;GW%§2§§1th? test cylinder woro so variab'c and
eca ; ing' prevented the [
filter gralin struc urec. o formation of a stable

A teost was carried out using {low in a horiz
direction. In this cace tho sample cylinder (of v:noggglaand)
was laid on its side. Otherwiso the tosting procedure was
unchanged. The hydraulic pradient was high (14.3). This was
perhaps too high to show up the effocts of gravity, but will
gerve to show up the effects of horizontal flow.

it was found that there was practically no differenc
in the grading changes which took placo in thlz type of sando
due either to horizontal or vertically downward [low,

Thus provided the hydraulic zradient in action is well
{n excess of the critical gradient for the sand any grading
ghnngoadlhicg t?ko Elgco gro independent of whother {low is
ownward or horizontal and henco presumably in a i
direction betwoon these two lhnitg. ! "y inclined

All this serics of tosts was porformed with flow
pormal to the layering produccd while filling the test
eylindors. It in impoasible to say, without further tosting,
what offeocts tho diroction of flow rolative to the direction
of the layering would have on the intornal stability of a sand.

(v) The Effect of the Magnitude of the
Hydraulic Gradlent

It is reasonable to expect that the groater the
hydraulic gradient and hence .he greator the internal flow
forces, the greater will bo the tondency for migration of the
particles to take place within a sand. This must be balanced
againat the expoctation that greater internal flow forces wlill
lead to increased intergranular prossures which in turn will
tnercase the “rilctionzl resistance to particle movemont.

In this sories of tosts, the highost hydraulle gradicnts
wore used that could be attained without over-elaborate
apparatus. The purpcse of this was an attémpt to force the
grading changes to bo as larpe a8 possible.

Only one rather unsatisfactory tost wad carried out
{n this connoction using a low hoad. The sand used was
Artiflecial Sand No. 1 which in tho standard fillter tost showed
no significant changes of grading. The hydraulic gradient for
the standard test was 14.2 whlle that for the low head toat
was 2.77.
the samples were 0.479 and

0,476 and 0.457.
1o tosted

The initial void ratlos for
0,856 respootivoly, while tho final values wero
Honce thoro was conaiderable consolidation in tho samp

under low gradiont.

There was no significant change in grading of the sand

used Iin thls test.

In this case, although tho teat under low head was
started with tho aana iln a very loose condition, the difforenco

in hydraulic gradients had no visible offocte
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Although there 1s no direct experinme

confirm this, it 1s the opinion of the sriter?t:: :viggﬁﬁz gg
nis observations during this whole investigation that the
effect of a low hydraulic gradient is merely tc retard the
formation of a stable filter grain structure. The final result
{s probably the same whatever the hydraullc gradient, always
g;ozigézg.:sn; th}a is in excess of the critical valao. 8o

a page forces are capab
I raine: pable of bedily transporting the

(vi) The Effect of Air Segregation f
the Percolating Watog - Lo

One test was done ueing a sample of Artifi
No, 1. The sample wa: saturated rrompabovo with ngiztti;;:
to de-air the sample by evacuation and the entire test was
run on tap water. The sample at firat contalned numerous
large alr bubbles but as the test proceoded these gradually
ginappenzod and the apparent permeability of the sand
nereased.

There was no change in the grading of the sand. Apart
from retarding the rate of flow through th soll, the preagnoe
of alr bubbles in the volds does not appear to have any effect
on possible grading changes.

CONCLUSIONS AND RECOMMENDATIONS

ns

When a layer of freshly placed sand of either natural
or artificial origin i3 subjected to the action of percolating
water, internal changes of gradling will occur. This re-
arrangoment of the particles will proceed until a stable
structure 1s built up within the sand which 1s able to wlth-
stand the seepage forces occurring and resist further change
of grading by acting as a filter within itself, The extent
to walch the gradinz hes to change belore a stable structurd
can be oatabliahod varies from sand to send. In some sands the
changes are ineppreciable;for aincle sized sands the{ are non-
existent, in others thoy are so large a3 to noticeably alter

the character of the orlginal sand.

Strictly, no sand behaves a3 @& f4lter within itsell
until a stable grain structure had formed. In this theals,
however, only sands which requiro a considerable change in
their original particle size dlstribution before a stable
filter structure is ecstablished are considored to be "sands
which do not behave as fllters within themsolves".

(1) Sands which in thoir recont past have been sub Jected
to the actlion of percolating water either in nature
as river sands, sands from water-boaring strata, etc.,
or artificially as filtor medla are 14ttlo sub ject to
grading changea and the changes which do occur Aare
generally of small ma nitude. Artificlal and erushod
sands and sands [orme h{ in aitu decomposition of
other deposits are most ikely to undergoe large char es
in grading before a atable £11ter atructure can be

established.

(11) Thero is no particular type of grading curve which 1s
vlearly chargctorlstic of sands which act a3 filters
within themselves. It 1s the grain structuro which
has the contrelling influenco. Changes in sradi:gl
which go to ostablfah this structuro are incidental.
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Nevertheless, river, pit and crusher s '
not behave as filters within thomsolve:ng:v:hégzndo f
found, on tho average, to have & greater porcentege :
by welight of particlea fincr than the No. 200 Tyler
sievo size (74 microns) than do sands which behave
as filters within themselvea. Alse, sands which do
not tehave as filters within themsolves pencrally
ave a grontsr scatter (as represonted by tho ratios 1

85/p,g and Y90/Dyn) than 4
filéolg sithin ’hggsolvoa. o sands which do behavo as

(111) For sands of the same §rad1ngs and comparable void ]
ratios, a sand consisting of angular Cragments is
more stable against changes of grading than is a
sand conaisting of rounded partfclol.

(iv) The density at which a sand 1s placed has little or
no influence on the magnitude of the internal grading
chanzes likely to take placo in that sand when used
as a filter layor. A low density may, howevor, load :
to channolling and cause local changes in grading. i

(v) A sand will be moro stable against changes of grading
and the internal filter grain structure will develop
more rapidly if the asoll is completely homogeneous
throughout than if it la poorly mixed and contains
pandoml, distributed coarser and finer zones.

(vi) Apart {rom 'boiling' and other internal instability
caugsed by upward flow, any changos in particle sizo :
diastribution will occur irrcéspuctive of the directio:
of flow rolativo to gravity.

(vii) Orading changes will take place rovided the hydraulle
gradient 1a large enough %o bLedl { transport the soll i
particlos. A atadble structurc will be formed more
gnpidly undor a high hydraulic gradiont than undor a f

oW one.

- >a -
N I IS A SRR e ) T i B AR T i e T ol e, :

Recormendations for the Selection and Uso of L
Sands Required to Behave a3 Filters within

Thomselves . q

(1) River sands and sanda from netural wator-boaring strata (
are to be proforred to artificial and crusher sands and
sands formed by in 2itu decompoaition of goologieal
deposits.

(11) Peor normal river, pit and erushor sands the gorcontngo
of particles finer than 74 micrena (No. 200 yvler

siove) shovld be limited to §% by wolght. The obnd
should bo a3 uniform as possible with the ratio -856/Dy5

not oxceeding 4 to 6 or alternatively the ratio P90/D10
should be limited to betwecun 6 and 7.

TG e PR

o i, i s

(111) Sands for fllter layors should be placed in as dense a
condition as posailblo to provent the initiationd
internal grading changes by the formation of piping

channols through tho layers

(1v) Filter layers should be made ag homogenecus as posaible
with a minimum of layering due to segregation of fino
material. This can be achievod aither by mixing the
sand aftor it hasa boon placed or by thorough mlxihgdin i
the dry before placing, followed by placing the aa

in a damp conditlon. P




CHAPTER V

TESTS ON MODEL FILTERS

INTRODUCTION.

Having investigated the effects of percolating water
on the gradings of 1no§atod layers of filtog sands, :go noxt
step i to lock Into the behaviour of the same sands when
used a3 a layer or zone of a filter bed.

These tests on model {ilters were carried out using a
large diameter preassure f!lter tank. The object of the tests
was to find whether the Internal behaviour of a layer of sand
with regard to the stabllity of its grain structure has any
significant effect on the performance of th: zoned filter of
which the layer forms a part, This report will describe:

(1) the construction and operaticn of the filter tank;
(11) the dosign of the experimental filters;
{(1141) the behaviour of the fllters during the test; and
(iv) the results of the flow measuremants taken.

Finally, conclusions will be drawn as to whethor the
fact that a sand does not behave as a filter within itself
has any daleteriocus effect on its operation as a compenent ol
& layored fllter.

THE CONSTRUCTION AND OPERATION OF TIE
PRESSURE FILTER TAMNZ

The general arrangement of the preasure filter tank
and its associated hydraulie circult ia shown on the
accompanying photograph.

The circult can be adapted for flow in eithor an
upward or a downward diroction. For downward flow, the
arrangement 1s as follows:

A small centrifugal pump drlven by an electric moter
forcos the water in at the top of the filtor tank, through
the filter bed and out at the bottom of the filter tank. The
suction side of the pump is osupplied .rom the bottor of a emall
supply tank. The discharge f{rom the bottom . ©. ilter tank
is ro-fed intc the top of tho supply tank. A bourdon type
pressure geuge tapped into the dalivery l1ine from the puup
regiaters tho pressure doveloped in order to force tho water
through the filter bed. For upward flow the arrangement is
:h:kalmo oxcept that the delivery is through the b ttom of the
ani,

The filter tank consisvs of a three foot length of

15 inch dilameter steol pipinz with the lower ond closcd by a

atool plato welded to the pipe. A & inch plate glass 18

obsorvation window runa tho full height of tho tank onlg ng

the action of the filter_to be observed and PhOtOG"Pg:t'

The tank is closed by a { inch thlck circular stoel plato The
rooved on its underside to rocoive the rim of the t.n‘.lod
op plato is rotained by 10 hingod wingebolta and 1s 8o

shut by a circle of hoavy rubber tubing 1ining the groove.
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The tank has an inlet through the centre of the top plate
and an outlet and dreinage valve at the bottam.

The pressure filter tank circuilt has the great
advantage of being entirely self-contained and can be left to
run for days on end with the minimum of attention.

Water loss is very small and it was only found
necessary to top up the supply tank once a day. This, and
lubrication of the motor and pump was the only attentlion
required.

The centrifugal pump supplied a constant inlet prossuro

with a very small dischargo. The hydraullc gradient nagurally

:g uateg éteelr to suit the resistancoe to flow offered by the
ter dbod.

Flow measurements were taken by simply diverting the

discharge into a 2 litre mecasuring cylinder and moasuring the
rate of flow uaing a atop watch,

THE DESIGN OF THE EXPERIMENTAL FILTURS

The teats wore carried out in two sectiow.

In the first section a numbor of zoned filters were
dosignod using for foundatic. matorials & soclection of sands
which had been used in the spocial filter tests. The sands
used included cxamplos of sands which underwont oxtenaive
grading changes and others in which the grading changes wereo
of no significance, The protective filter layers for these
foundatisn materials woere made up of aingle sized sunds thus
gonrining any trouble duc to grading changes to the foundation

ayers.

The ob joct of those toats was to discover if sands
which did not behave as filters within themseclves obeyed the
normal filter deaicn criteria againlt rlogging of the filter
layers by leaching out of the fines in the foundation material.

All the filters wore dosigned according to the
Terzaghi-Bertram critoeria.

The sands used and detalls of the filter dosign are
as follows:

|

Behaviour Dys Filter El§>F11tor |

Sand in Filter ) ,

Tost Dgg Foundation Dys Founc tion!
| Crusher Sand 'A' N.F, 345 28
ECruahor Sand '8! Fe 2.4 120
§E-R-P.l. Dump Sand NelPe 2.7 12
E!R.P.E‘ Ash Nel'o 1.4 334
Bartlett's Sand NP 2.9 52
iArtiflcial Sand No.l Fe 2.1 47

In this table:

"E! donotos "the sand is a filter within itself. .
"N.P." denotes "the sand ls not a filter within itself.

"

DL —

e o

Pl P R < iy, P 5 it




e — g
i il A i s .

See Faze 48

NCIAOVY! 3 YBAweO

MOILAOTHS CONVYS

-

NOILDOY - AnS A2

IYYED WNIO3IW

ASuvoD

WNIOSw

J‘l“ e —

F LT B2S%avoes H WO Tw H amia

{ 7 321§ 37314uvd

» & T

o
: : | | m
TS U S 4 OION L Juhss DO | OOTIML o
=t |  swen> eoram> | W
: anvs Lms
- -t o g waavt 1T seBavy T
. . : -
HERE N it 1 m
| | -
- T :
! \lb. »y’ W}P»P' m
-] vt d | .
L.y‘_‘ I& . w»tb S o o
i T
Uil SNSRI |

LSEL ANL NI INSSSIAOING JYM ONVY vieBLiWD IMOVINGL BHL S 4SILAVE NOISHO FML SSEAINISWVOD

SYEEONI 40 GNYS OBTIS TI9NIS 40 SHIAYT wNO= AS CBINIVARN NOLLVONNOd S$SAWINS v 40 QALSISNDD ¥ILAMNMS INL

$IS3L ¥3Ld 1300W

4113




= e AL TR T Sl T | AT . — S fn-i.ﬁ:flblll.‘
A A E—
NOLIDVE S T IAVYED NOILIYE S aNvYs NMOILOVEE AVIS AW
,c -~ -
= AS¥vOo? wWrioaw ana EAN L Lo wWhIaAW tﬂ AN g BSuveD WG - F LAF
mv 4
e
®
| (WW) IS 3NN iwvd
90 T8 O oy ©f ot o0 & > -  J ©° 8% %o 90 te 0 ;e B0 "0 W = e
T My T e
' '
et 4 * | 4 1 - s
. | |
I. - p - —— ] — - - e I -
SN b
. | ~
¢ o
pe & - » . - 4 ‘
z
| .
- e - . 44 . - S + - "
IN L Vg > ' ' -
! TIAVeT AL ANYS BTSN D L =
- -4 - * - 2 ¥3AVT » - .- ——— - » MIAVYD : m
! : B
| |} . — ; | | | »
‘. 4 " - . - & b -
= o Y =
| s
—— 4 » 4 - - n
| | m
| - -
| ¢
f .4\0. » - - - — < <
| -
SRR
[ 0|* . - —— ——— - - - - a
188 [ M | |
|
L»w 1 m _ P » . ' tr . o "W — »

N' ONiIdié AS 03NI¥E 1Ne VI¥3ILIWD

Q3IMOTTI04 QANVYS WIMSNYD TICvue®

AS3) avi

CoN H3l1ld 30 SUmiures

S1831 ¥3Llid 1300w

IHOY THIL AWML STASIAVE NOISIC AL YIAVED AFTIS ATON'S 40 WIAVT V¥ ASG
1M3M 20 HIAYY ¥ AR OANIVAIY NOLLYONNOA $3WITS v 40 TILSISNOD WAL AML




5
WOLLOVE4 TAAvee NOILOWME ONYS NOLIOWN A IS 1 oA
° ASWvOD WA W INtg Aswved WO B W 3wae ' Bswver SLIEE T AN 2
<
w0
@
-
z (W) 371S 2Tt awve
w

t

1l

.
4 o
SRR

]

L

]

!
!

|
!

Fid3AED THOVYIENAL AWML 93i1dSiuvS
NOIS2Q THL HONOHLY LSTL 3IWi N

ANY GNYS TYENLYN QACYES

TEN U3L1id 40 SONIQVES
TIS3L ®¥alid V300w

OMidid AS G3TIVE ¥ELTIE AWML NAAYES CITIS 2IONMIS 40 MIAVYT V AQ O3IMOTO04
NIIM 40 HWAAYT Y AT CINIVAEY SIHINE 40 NIAVONNDS ¥ 40 OFASISNOD W3ILS SiHL

AHMOIEIM AS MANI4 FOVINATHAG




PERCENTAGE FINER BY WEIGHWY
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MODEL FILTER TESTS.
CRADINGS OF FILTER N23,

THIS FILTER JLONSISTED OF A FOUNDATION OF SLIMES RETAINED BY A LATERA OF WELL SRADED WATURAL SAND AND
FOLLOWED BY A LAYER OF SINGLE SILED SAAVEL THE FILTER FAILED BY PIPING IN THE TEST ALTHOUGH THE DESIGN
SATISFIED THE TERZADKI CRITERIA
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It can be seen from the table that sll the filter layers
satisfy the requirements of the design criteria; viz:

D]ﬁ FILTER ' 4 to 5 ) D]§ FILTER

Dgs FOUNDATION Dyg FOUNDATION

In the second scction of the teosts two simllar filters were
compared arainst a third., In cach cnso the {foundation material
was an artificial rock-flour,a "alime" residual from the
cyanide gold extractlion process. This material was so fine
that the entire particle sizo analysis had to be carried out
by hydrometor. The material was indurated with a powerful
flocculating agent so that a spccial deflocculator had to be
used, tho solution was noutraliscd and allowance had to be

made for the fact that the specifis gravity of the 1iquid in
the suspension was eppreciadly pgreater than unity.

Tho firat filter layers of the [irst two filters were
composed of sands with similar §rad1nga covering a large
range of particle slzeos. One of these, Crusher Sand 'B!
bohaved as a filter within itself, the other, Bartlctt's Sand
was not a filter within itself.

The first two filters wero two-layer systoms, the
third or contrel filter was a four-layer systom composed of
singlo sized sands.

The objoct of those tests was to see if a sand which
was a filtor within {tself gave a better protective filter
action *han & similar sand which was not a filter within
ftself. Also, to get some indication of whother the Terzaghi
design criteria, set up as a result of tests on single sized
sande are applicable to sands covering a large range of
particle sizes.

Detalls of tho deslign of the first layers of the
filtors are as follows:

D1g Filter D1g Filter !

Dgs Foundation D15 Foundation .

4
|
I

|

. Crusher Sand 'B! 1.3 18
Bartlett'a Sand 1.1 16

| «“®%100.-%200 Sand 2.6 34

-

All theso ratios are well within the specifiod limits,

THE BEHAVIOUR OF .E EXPERIMENTAL
FILTERS DURING THE TEST

As the photographa show, the filters for eacih sorlies
of teats wero pgacod in vhe filter tank ono on top of the
Othm‘ .

The tank was f1lled in the dry, cach layer bel added
to itas predecessor with the greatest of care by 8 rink??ng on
by hand in half-inch layers, oach layor boeing woll-tamped
using a flat circular tampor t inches In diameter. The
accompanying photographs of the first sorles of tesats woroh
taken of the dry filter layors. The photographs clearly show

ol
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that the quantity of [1lnes which fell through into the filter
iayers bolow was iIn certain cases quite appreciable. This
does not represcnt a failurec of the filter as it is inovitablo
that sufficient finc material must fall into the filter to
allow the larger particles In the foundation sand to form
stahle "grain structurc bridges" spanning the voids in the
bor ndary between filter and foundation and preventing further

passage of fine material.

Once the filter tank had been filled with dry sard,
the filter beds wore saturated with water from tho bottom
upwards by filling the disconnected discharge pipc with water.
The upward flow was very ?oncle. the hoad causing flow nover
exceeding a few feet. This method of filling the tank caused
no visiple disturbance to the fllter layers.

Immediately downward flow was started, a goneral ro-
arrangement of the graina in the filter layers took place as
the filter particles moved to form arching structures stable
enough to withstand the flow forces. A very small additional
quantity of fine material washod through into the filtor layers
below. Apart from this the filters all behaved porfectly
until piping failure doveloped through wealk zones of the
filtor bod. These weak zones alwavs occurred at the boundaries
botween the tank aad the filter layers where the compaction
achieved by tamplns was poor.

The mochanism of these piping failures was as follows:
The flow tended to concentrate itself through the poorly
compacted, more permeahble zones of tho filter. The seepage
forces through such a region would incrcasc until suddenly,
with a rush of material into the filtor, a pipe would open ug.
The sides of the pipe weuld thon rapidly be eroded away unti
the filter layoer above collapsed into the pipe, filling it
with coarse particlea. In the meantime the fine material
waghed through the pipe would be clogging the filter layer
below and decrcasing its pormeability.,

The collapse of tho upper filter layoer into the pipe
invarlably initiated a progressive failure by piping right up
the height of the filter tank the process for each foundation
layer boing aimilar teo that deseribed. The systom would then
gradually stabllise {tself until a new piping failure started.

Exactly the same phenomona wero cobserved with the
Series 2 tosts, The photographs c.early show the form which
the piping fallure takes and they illustrate the action of a
prosrosslvo piping fallure and the clogging of filter layers
by fine matorial washed through the pipos.

On emptying the filter tank, it was found in each case
that piping fallure had occurred right round the edgos of tho
tank. An {llustrating photograph shows how tho orl inally
Plane surface of tho top atone ayer in the tank hug becomo
domed by the downward collapse of the outor edges of the
filter beds as a result of piping.

Although those reglons of the filter layers which
had failed by piping were much more confused with tho layers
intermingled as the photographs show, the intorior of the
filtor bod was completely undlsturbed. Each layer was
completely separate from its follows and no washing through

of fines from tho foundati
had oscurrod, on soils Into the filter layers

All the sand layers, regardlosa of thoir bohaviour in

)
:g:lggfclal filter tests had provided near porfect flltering

T e W e B g e S T L T T ——
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FLOY MEASUREMENTS .

At intervals during both tests, meas
takon of the time elapsed from the ata;t of :ﬁ:mgggz ':ﬁg
:rossure drop across the filter tank and the rate of discharge
hrough the filter. From these measurements mean ’
p.rnoabilitioa were calculated for the filter bed and graphs
showing the varlation of this permeability with timo were
prO”rOd -

These permeabllity-time graphs give an excellont

record of the changes occurring within ti
time progressed. né n the filter tank as

Considering the graph for the first sorics of tests:
The initial rapid incrense in permeability accompanied the
oponing up of pipes and flow channels in tho filter. The
permesbility thon dropped off as material from the foundation
layors was wasi.wd through the plpes and clogged the fllter
layers below. A sccond sudden increasc in permeability
occurred as a further piping fallure doveloped.

Considering the graph for the sccond series of tests:
The initial decrease in permcability indicates the compression
of tho filtor bed with consequent reductions in the vold
snaces. The permcability then suddonly increased a3 piping
started and progressed, After this the permembility docroascd
gradually as the fine material washed through the pipes and
clogged the filter layers.

The cycles passed through by the two different filtor
beds, ono ten times as permeable a3 the other, have vory
similar forms. This process of sudden fallure by piping ard
subsoquent ro-stabilisation by movement of the filter sand
would probably have beun found to continue with a decreasing
amplitude of the "permcadllity waves" and an increasing time
between wave ponks had the tests been continued longer.

DISCUSSION AND CONCLUSTONS:

With hydraulic gradlents of up to 343, this sories
of f{lter tank tosts must surely be among tho moat sovore tosts
to which filters nave cver beon subjectod. Conditions were
probably at least S0 times more aavere than theose undor which
any normal drainage or protoctive f1lter would be roquired to
operate.

The f'rst sorles of filtor tesats ghowed that for the
samples of sands which wero tested it 1s not impcrtant whoether
a sand bohaves as a filtor within {taclf or not. Of tho six
sands tostod, four underwont oxtonaive changes of grading in
the spocial) filtor tost. Nevortholoss, apart from pipine
failure, thosc four sands Woro rotalned just as well by the
"singloesized” filter layors as wero tho othor twe which did
not change slgnificantly in cradinze That 1s to nay, from the
point of view of suitabllity &g riiter matorials, it doos not
matter if a sand docs not behave AS A filter within itself.

Within the filtor a redistribution of the particles will

" d
take placo and the grading will vary botwoon the "entranco" an
exit gidos of thotlgyor.ntht the bourdariecs of tho layor inter-

mingline and leaching out of the fines will occur to an
1n:?gn1 icant oxtonguuntll atable 'bridge' structuros have

been ostabllished.
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once ecquilibrium has been r
gystem will bo stable and will funcg?ggogff?g!g:g§§.the S

(9]

The second serics of tests showed th
‘ at ¢t
design criteria, although cstablished by tests oﬁ°s{§§i§8?izea
ganda, do hold for graded sands. Alsc that a non-filter gives
[

as good o protoective filtering actlo |
pohaves as a filtor within 1taoyp. O Ae doos a sand which |

An oxamination of the filter layors aft
:ho:gdt:hat 1: OQC? of the throo cQBOS.ytho fingrsizgo:QSt
oundation matorial was porfeetly retained
wero not disturbed by piping. 4 od where tho layors

Tt is probablo that no piping would hav
the hydraulic gradionts been logspaSVoro. The :x;ggg::gg .
gainod in theso tosts shows tho importance of havi '
structurally uniform and strong filter laycrs it angiltor is }
to cperato ns designed. Fiplng can bo a most destructive and i
disruptive agont and every caro muat be taken to provent it.
For this roason, anything which might cause losal con-
centrations of flow must be avolded. If n drainage pipe,
outlet conduit or somc other featuroc has unavoidably to cut |
threugh a filter layer in the dircction of flow, cuteoff :
collars should be provided to lengthen the flow paths and !
spocial care should be takon In compacting the filter matorial
around the interrupting featuro. |

The last four chapters have all doalt with the acticn
of water on the gradings of filter sands and with the extent
to which the flow of water is rosponsible for the fnilure of ,
filters. It now remains to consider changea of ?rndinc duo ;
to physical and chomical woathering of sand particlies.
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