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The discharge {'rom the tecst

i cylind
second overflow type constant head chzmber?rtﬁgdozgﬁglzw from
which constituted the discharge through the cylinder of soil
and was measurcd by means of a moasuring eylinder.

The total hoad causing flow was me

asured
differonce between the levels of the water in 2ho‘2wgh:onstant
head chambors. This head was used to caleculate hydraulic
gradients and coelficionts of permeability.

In the latter stages of the tost when the d
e-aired
distilled water supply was exhausted and the fecd was switched

to tap wator, a connoction was taken direct
constant head chamber to the test cylindor.ly S S S

Wator De-Alring Apparatus:

The wator de-alring apparatus used in this investigation
and describod here is a modification of an apparatus developed
at the Harvard Oraduate School o 7 gineering.

Tho assombly of tho de-alring apparatus is shown in
tho diagram. The distilled water roservolr was connocted by
rubber and glnsl tubing to the top of the de-airing column
which provided a constant helght of fall for the wator. The
distilled wator entered the de-airing column through a
onplllar{ nozzle rade by Arawing out a pioce of glass tubing.
The nozzle introduced the water into the column at a slow rate
i3 thoe form of a {ine oven apraye.

The de-airing column was packed with marbles which
actod as launders causing the water to trickle down in a thin
film of large surface area. It has been found that water
trickllng with a large surface arca exposed gives up its
dissolved air more readlily than a spray falling freoly. The
spray nozzle thus acted meroly as a check on the rate of flow
of water through tho apparatus and helped dlasperse the falling
wator over the cross-scction of the columne

Fron the do-airing column the water fell into a large
slasa garboy which was alao ovacuated and helped furthoer to
clay the passage of water through the apparatus.

From the auxiliary ncck at the bottom of this carbdoy,
the wator passsd into the bottom of tho de-aired water
roservoir. This reservoir conalated of a 20 litre carboy
containing a "Darex J 350" motoorological balloon which was
completely emptied and ovacuatod before commoncing the do~
airing proceas. The de-nired distilled water occupied theo
body of the bottle, the balloon hanging 1imply inside it.
When empty, the balloon was slightly larger than the insido
volume of tho bottle sc that at no time could any tension
develop in the membrane of the balloon.

Two connoctlons were taken from the nock of the de-
airod distilled wator reservolir, one from the inside of the
bottle and one from the inside of the balloon. These two
gonnections could be closed {ndopendontly by means of secrew
pinch-cocks beyond which the connvetions wore united by means

of a glasa 'Y,

The connection fram the base of this Y was taken via
a vacuum guage to a water trap, & water vapour trap rlilod
with calcium chloride and thonce to an eloctrically driven
high vacuum puap of tho oll f11led eccentric roller typo.
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DESCRIPTION OF THE TESTING PROCED
ADOPTED IN THI3 INVESTIGATION. o

The testing procedur
general headings: P 0 may be doscribed under two

(1) Routine testing used to establish tho basie
propertios of tho sand (in this case the particle
sizo distribution). Under this heading come:

(a) Sloving Analyses.
(b) Hydrometer Analysos.
(¢) Spocific Gravity - Determinations.

(11) Speclal testing to establish tho hydraulic proportiocs
of thn sand, This consiats of tho spocial filter test
using de-alred distilled water.

In cach case standard mothods of teating were adoptod
which experlence has shown te glve tho most ro??ablo rosults
in a manner moat economical of both time and effort. Those
mothods of teating are not generally recommended for g
agplicatian to any type of soil, but for cohesionless and
slightly coheaive sandy materials they have proved adequatoc.

To facilitato the testing routine standard rosult
sheets woro drawn up. Those wore found to ecase the labour of
both testing and roduction of results.

(1) Procedure in Routino Tosting.
(a) Sieve Analysis

Slevo analyses werc carried out on alr dried samples
of the sands.,

The procedurec was as follows:

1. A nost of STANDARD TYLER TEST SICVES was sclected and each
siove carefully cloaned W abrass wire brush %o remove any
loosoly Jjammod soil particles from tho aleve meshes. The
sloves were then wolghod to an accuracy of I 0.1 grammo.

Tho succossive siove sizes wero sclocted so that
succossive sieve openings wero approximately in the ratic
1 : 2. Tho usual slove nests usod were:

Serics (a) Sorics (b)

0.371" 0.571"
4 4
n 10
14 20
2n 3%
48 60
100 100
200 200

These two ranszes were found to give a sood distributlon of

points on the grain slzo curve.

The largest siove used depondod on the coarsoness of

the soil being teatod.
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2., A sample was noxt wei
sise usod was about 800 ggﬁzge:?t to 0.1 gn. The usual sample

3, Tho slevo nest was provided with a pan

and th
was g¥s:g é?ﬁv The sieves were next plgcod in th: egé}rxgeple
MEC ING MACHINE and sievoed for a period of 5 minutes.

4. The sleves were now soparated and ecach sieve .nd
~nd contonts
was woighed. Tho pan end coutants was also weighod and :go

contents of tire pan (- %200 sleve) w
5 Tetare Rpiressber WS RIcts. ) wore tranaforred to a bottle

5. Tho conterts of each aleve wore then washed usi n
copious quantity of water in a fairly strong Jjot. -

During this procoss, tho pan was discarded and the
sieves wore arranged in order of decreasing size of opening.
As soon as tho wash water in one sicve was cloar, it was
removed and the succeeding sleve alaso washed,

The washod sioves wore dried in an ovon, cooled, and
thon rewcighed.

6. The woights of soll rotainod on each sicve in the dry
sioving process and the welght of fines in the pan werd addod
to obtain the dry woight of the soll used.

The woights of soll retalned after the washing procoss
woro used in the calculation of the percent retained, tho
cumulative percent retalned, and the percent finer and hence
in tho plotting of tho GRAIN 3IZE DISTRIBUTION CURVE.

Notos on the Method:

(1) A comparison of tho weight of the soil sample cbtained
by woifhlng {n a dish before sleving and that obtaired
by adding the welghta of soil retained on the sieves
and in the pan after dry sioving, gave an ‘ndication
of the amount of so!l loat from the sievos during the

sjeving process.

(11) The use of the scil sample woight obtained from the
dry sleving also oliminated some of the errors incurred
in the wolghins of the sieves as thoe sane scale waa
use: for il weighiaga in any one test.

(111) Tho use of a mechanical ajeve shaker and a standard

sioving time climinated any errcora from sample to sample
due to differonces in sleving technique.,

(b) Hydrometor Particle Slzo Analyslis.

An Hydromoter Par.icle slze analysis was carried out
on the .. %200 SIDVE fraction of oach soll analysed to give a
combined particle salze anulysis together with the sleve analysina.

l. The scil sample weight was detormined by woighing the
sample in & small aluminium dish on a beam balance to T 0.01 gm.

Tho sample was thon mixed with distilled water and
transferrcd to a 1000 ml. measuring flask using a funnel and a
jot of distllled water obtalned by blowing into one tube of an
aspirator bottle f1lled with dlstilled wator. Great care was
takon to ensure that no soll was lost in the transfer.
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2., The following dellocculating agents were now added:

2 ml. Sodium Oxalate (saturated sclu
atio .
2 ml, Sodium S4licate (saturated aolutigz).

The above solutions in their respective con
found to give the hest results for the rzmcg:::.:ﬁ:mor“”

:::g:.in gonoral. This procodure was standard during all

3, The moasuri cylindor was now half filled with distilled
water and the soil-water mixture was thoroughly mixed up and

agitated by shaking the cylindor - 1ts
the palm of tho hund. ¥ nouth being closed by

Bocause of the nature of tho samples tested (they wero
all in the form of a fino powdor thorouihly broken up by the
dry sicving procoss in the Mechanical Slever), 1t was not
found neceasary to dlsperse tho scil particles in the water by
mixing with a cocktall shaker aa 19 usually done.

Tho measnring cylinder was now topped up with distilled
wator to the 1000 ml. mark using a pipotto.

4. The hydrometers uascd wero of a special streamlined type
and wore storcd alongside the cylinder contalning the gsoil-
wator susponsion in a similar oylindor containing distilled
wator.

5. The rise of the moniscus against the stem ol the hydro=-
moter above the surfaco of the distilled water was noted in
terms of divisions of tho hydromoter and constituted the
menissus correction., Hereafter readings were taken of the
top of thu moniscus on the hydromoter atum only.

The temporaturoe of tho soll guspension was now noted.

6. Tho evlindor containing tho sample Was woll shaken up

and placed on the bonch, the atopwatch was started, the hydro-
moter was insc,ted in tho settld :oll susponaion and read-
ings wore taken at intorvals of 4, &, 1, 2 mins. This was
ropoated throo times thus obtaining 4 sets of roadings in the
rance O to 2 mins. Tho hydromcter was now removed from the
cy??nder and placcd in the cylinder of distilled water. The
sample was shaken up again, the watch was atarted and the
suspension allowed to sottlo. Just bofore 2 mins. had
elapsed, the tomporaturo of thao soll suspension was read, the
reading of tho hydrometoer in the distilled water was noted
and the hydromotor Was tnserted in the soil suspension and a
readi taken at € mins. Tho hydromctor was thom immediatoly
rtnov:s and roplaced in the storage cylinder. Thereafter
readings wero tnken after the lapsc of 4, 8, 16, 30, 60 otc.
mins. until no differonce could be ohaserved botween hydro-
meter readinge in the dlatilled wator and in the sell

suspenzion.

7. Tho calculation of the particle sizos was carried out as
!ﬁo'n on tﬁc accompany ing atandard rccult sheot. All roadings
after the £ min. roading were correctod for immersion by using

a calibration chart.

The success of this mothod of hydromoter analysis for
materials of the type tosted 1s {indicated oy the fact th.ttor
vory seldom did tho curvoes obtained by sieving and hydrome

work not match up well.

. S a——
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The samples used were vor
Yy small varyl
and 30 grammes. This proved ver succon:rulyngstgggzo:glggm
ran for more than two hours total time.

(¢) Spogific Gravity Determinations

Specific Cravities were measurod as th -4
throe independent doterminations which were mad: 333:3‘ .

::ngégig:::aa closely similar as possible. The procedure was

1 In order to cnsure an abgolutely dr cnometer flask
ol:h £ta:k bgigrolgsghwnalrinaod wiih n{cgghol and then !
ovacuated un " ¢ alchohol had t

dry flask resulted. evaporated and a perfoctly

2. The flaok wac noext wolghed clean, dry and empty and with
its stopper In poaition to an accuracy of 0.l gramme.

3. The air-dried sample of the sand to be tested was noxt
introducoed into the pyenometcr uaing a funnel made of Jilter
paper. The usual size of sample was approximately 2850 gm.

4. Uaini a funnol, sufficient distilled water was now added
to the sak to saturate tho samnle and cover it to a depth

of about § inch. The flask wa2 now again evacuated and bolled
under vacuun at room temperaturc to expell all air entrapped
{a the sample, Tho contenta of tho flask were swirled around
during this process to facilitate the ecscape of the gair. The
duration of this boilling (under a vecuum of about 238 inchca
of mercury) was usually about 5 minutes or until no more alr
was observed to be coming off.

Mere distilled water was thon added to bring the water
lovel to just bolow t'.e neck of the flask when the beiling

procodure was ropeaved,

The contonts of tho flask were thon topped up to tho
graduation mark on the nock by means of a large plpette.

The tomperature of the contentsa vas notode.

The pycnomotor flask was stoppoered and with 1ts
cortonts wolghed to tho neareat O.) gramme.

5. The flask was emptioed, rinsed, and then filled with
distilled water up to the graduation mark. The temperature

was again noted and the stopperod flask woighed.

8., Praa thoe results of the weighings, the Spocific Gravity
was calculated,

7. The Specific Oravity of the sand concernod waa taken as
the moan of the 3 independent doterminatlions.

!gtoa cn_tho Method:

w to
(1) To obviato as much as poasible errors in weighta due
bllgnco defocta, tho samo balanco was used for all

wolghings.
(11) The tosts wore carriod out in a part of the laboratory in

wh he alr temporature varied very 1ittle. The
dii:?lgo: :ator wza also stored in this goction of tho
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laboratory. The result of this was tha

re s -
roadinzs in (4) and (5) scldom ouiee - b; the Separatute
This varlatioci: would have negligible offecta onlmthu 042°C.

gpocific gravit
chnomotog. y of tho water and tho volumo of the

(111) Ae the accuracy of the 5,G. doterminati

tho determination of a amall d1rferenceog:tgzg:n2:oo?a
weights, this diffeoronce was Increasoed in relativo vnlag°
as much as poasible by usin: a large sample sizo. :

(4v) The mothod of dotormining the dry weight o

diroct woighing 1In the pycnanctcz is goro gcga;a::mgginby
the usual mothod of collecting the soll-water mixtur6 in
an evaporatins dish and wolythg after evaporating to
drynoss in an oven, Not cnly docs 1t eliminate poasible
errors duc to loss of soil In tho tranafor {rom
pyenoacter to dryinz dish, but as tic woipght 1s dotor-
mined on an alre-dricd sample, the method eliminatos
crrors of loas of weight of the soll in oven drying due
to volatile orormanic conastitucnts.

(v) The pycnémotera used were of 1000 millilitres nominal
capacity.

(11) Procedurc in Spocial Tosting
(a) Operation of ‘ater De-Airing Apparatus:

Tho wator do-airing apparatus was oporatod ns follows:

1« Tho lead to the dlsvilled wator reservolr was closed by a
pinchcock and the vacuum pump was switched on until a vacuum
of over 20 {in., of mercury had dovaloped insido the apparatuse.

2. Tho pinchcock on the wator supply tube wad now rogulated
to give an cven gontlo spray at a sulteble rate from the spray

nozzle.

©. When the vacuun had built up tn 1te maximum value (about
2o ‘n. of morcury) the pump was awltchod off and the apparatus
allowed to run on 1ta OWne 1t was found that the vacuum foll
off vory slowly and uncor normal conditlona {f the pump was
run for five minutos eovery half hour this gufficed to koep tho

vacuum above 20 in. of murcury.

4. Whon tho carboy was filled to tho neck the water Supply
and tho vecuunm woro shut offf and dlsconnoctode

During tosting tho dOliVOPKotUbO %og?ég;ogrggctggll

carboy was connceted directly bo tho -
sample and tho tube from the balloon dircctly to the conatant

head chambher.

(b) Procodurc in Special Filtor Toat:

f sand wore
On arrival in tho laboratory all anmples 0
air-dricéd and then thoroughly mixod boforo boing bagged for

storage.

ining an
Proliminary tosting consiated of doterm Sl
accurate particle a{zo distribution for the ’a¥h1: 3" g:?rlod
siove and hydromotor particle size analysloe
out in the mannor described proviouslye

[ T e — -
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Samplos were prepared for th
the following procodure: ¢ special filter tosts by

1. The poroud plates which woro to be uscd were we ed t
the nearcsat Oel gramme. Tho permeamctor was lssombiﬁg by ’
1?zén%hgn:cggssaioy{indor ups%ght on the lower ond plato

w Pplc rcmove and with t
plate in position. ho lower porous

2,. An ovaporating dish containing tho requisite sand was
woished to the noarost 0.1 gramme. Tho sand was loosoly
pourcd into the cylindoer in scctions approximately 1 cm. in
thicknosa, ecach layor boing lovelled off pently before placing
the noxte In this way the initial void ratioc of the sand was
kept te as high a value as it would probably ever be in a
carclossly constructed filter layor.

3, Once the glaas cylindor was full and the uppor porous
plate was in position, tho material remaining in the dish was
revoighed. The difforounce betwoon the weights obtained in
stops (2) and (3) being the initial welght of soll in the
test cylindor,

4, The assombly of the pormcamoter was now completod by the
addition of the upper end plate, the sccuring bolts and the
scrow nipples. Tho tost cylinder was now placed in its
supporting racke.

Aftor tho test cylinders wore packed, it was nocoasary
to saturate the samples in such a manncr that no air would be
entrappod in the voids of the sand or in tho connecting tubling.
This was accomplishod as followa:

5, The tap water supply was adjustod until tho upper constant
nead chamber was overflowing steadily. By opening the pinch
cocks all air in tho tubing botweon thia chamber and the doe
nired distillod water reservolr was rc¢placed by water and the
tap water supply was connccted to the inlet of the dalloon
sontaincd in the de-ailred water rescrveir,

£. A rubber tube leadins to a wator Jot vacuum pump was next
~onnected to the froo arm of the glass T-ploce insertoed botwoon
tho tost eylindor and the do-aired wator reservoir. The lowor
constant head chamber was fillod with diati’ied watoer.

. Tho jet pump was turned on and with the lead from tho tost
ylinder to the lower constant hond chamber closed, the
cylindor and connocting tubing was ovacuated. The lead to_tho
lower constant head chambor was now gradually oponed and tao
snnd sample in tho test cylinder was pormittod to saturato from
the bottom upwards When tho wator appeared in the glaos T-
plcco, the toat cylinder was 1solated from the jot pump and

tho tubing botwoen the putip and the dceairod distilled wator

supply waa filled with water.

7
¢

§. Tho lond to the pump was now clamped and with tho system
campletoly full of watoer tho tost was roady to start.

9. Tho initial lonsth of the sand sample was now carofully
monsurcd using a stool rule and tho flow was atarted.

At intorvals during tho courso of the pormeablility
test roadings wore taken as follows:

10. The oveorflow froam tho lowoer conatant hoad chambor was
diverted into a measuring cylinder and simultancously a stop
watch was startod. While the I'low waa collecting in the
measuring eylindor tho tomperaturse of the outflowing wator was
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taken and the length of the soll sample was
ovorflow was nowngivorted from tho mgnsurincm:;g?:gg; zgg
wateh being simultaneously stopped. ’

11. From thoso cbservations values of the pecineabil
(roduced to a temperature of 209C) and the 8oid ratigtzr the

sample wore obtalnod at a series of times after tho commencement

of _tho flow.

12, Once the do-aired distilled water supply was oxhausted

a switch was made to tap wator and the tost was continuod far
the remainder of a 24 hour poriod, a pormealility roading
being taken immodiatcely before discontinuation of the test.

13. After discontinuing the toest, ti.e glnos eylinder contain-
ing the sand sample and gorous ond plates was placed on mid

in a small ovaporating dish caroc bolng taken to avoid the

‘oss of any soil. Tho dish and contents were then placed in
an oven and dried,

14, Tho cooléd oven dry cylindor of sanc was noxt woighed to
the neerost 0.1 gm. and the sand sample was split into three
approximately cqual portions (designulod:upper, middle and
lower thirds) care beling taken to avold destruction of the

ticlo 8izo <istribution of the sand in tho various portions
of the eylinder as established by the porcolating water.

16. The empty cylinder, dish and goroun plates ware then
reweighed and hence the final seight of the sand sample and
the loss of weight due to migration of fines out of the sample
was detormined.

1¢. The porous plates wero reveiched in order to determino
whether they had became clogged by fine matorial.

17. PFinally, particle size analysos were carried out on ecach
of the throe fractions of the orisinal soill sample in order to
dotorminoe what gradin; changes had taken place during the
filter tost.

NOTES ON THE SPLCIAL APPARATUS AND
TESTING PROCEDURE

The Wator Do-Alring Appuratus:

This apparatus is used, on A vastly larger ascale by
the mining !nduatry in a process involving the do-airing of
eyanide solution. In that caso 1t works extremoly woll and
hence it could be articipated that the smallor model would
alsno perform woll. The vacuum obtalned in tho apparatus is
very high deing appreocimately 23 tn, of morcury whereas the
provnil?ng atmospherlic preasure in Johanneaburg is only 24.4

in. of meroury.

It has boen found that such an apparatus 1s capable of
reducing the dissolved oxygen content of water from
approximatoly 6.4 cc. por litre to only 0.5 cc. per litre in
one oporation if the watoer supply 1s preheated. As oxygen A
nitrogen dissolve in about equal proportions in water undorin
given prossure, the oxygen content i3 proportional to the air
contont. Tho valuc of 2.4 cce per litre corroaxonda to wgtor
at room tomporaturc and atmosphoric prossura. s proheating
was not usod it 18 unlikely that the oxygen content was -
reduced soc low. Novertheless tho water was sufficiently :1on
atarved" to bo offective in giving & high dogroo of satura

in the samplos.
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The cporaticn of the apparatus was very conveni
the process is continuous and neceds 1ittle auerviaion.°§X1::.
the receivi veasel could be used directly in the filter test

apparatus and no problem of transferring do-
one vessel to another arose. vrring do-aired water from

The Fiiter Tost and Apparatus

‘Tho apparatus and testing procodure developed for
:hc:o goatu proved successful in providing the lnrgrmation
esirod.

No direcct measuremonts of tho dogree of saturation of
samples undor tost were made. Immediately after saturating
tho samplca it was gonerally found that thore woro few romain-
ing air bubblos visible in the test cylindor. 1Ir every case,
within a short time aftor the flow of tho do-aired distilled
water had started, no air bubbles were visible and the test
cylinders flewod full. The change-over %o tap wator did not
appear to have any approciable offoct over a poriod of acmo
hours on the accumulation of air within the sample, in any
caso there wero no visible bubbles. However, the permecabllity
at the ond of 24 hours had alwaya dropped off from its carlier
valuo, and this was possibly causcd by a loss of head due to
air segregation In the pores of the samplo.

In each and overy case of theso tests an Limediato
consolidation of the sample took place as soon as flow started
in o downward diroction. Thercafter consolidation procceded
at a very slow rate and its magnitude was usually too small to
monsuUro.,

In almost overy case, the only visible loas of fine
matorial from the tost cylinders occurrcd during the first fow
minutes of downward flow when tho 1asuing wator was dls-
coloured, This condition socn passod and tho water cloared
rapidly. The docisicn to limit tho duration of tho filter
tests to 24 hours was mainly Justified by this obscorvation of
the rapldity with wuich the main changes of grading took
place. In cortain cases it was poasible to sce the change
in grading which had taken place, tho upper goction of the
sample being noticeably coarser than the lower soction. In
one case, that of tho E.R.P.M. Purnace Ash, the movemont of
gcrt!cloa within the soll sample was plalnly visible for a

ong poeriod after tho commoncemont of tho flow,

The hydraulic losses in tho filtoer tost circuit did
not appear to be unduly hizh and no correction was made to the
avallable head to tako mccount of these losses. The complote
eircuit with an ompty teat cylinder, but with the poroud plates
in place appoared Lo offer very littlc reaistance to flow,

The overflow type ccnatant hoad chambora proved very
successful and weroe very senaltive.
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CHAPTER IV

THE EFFECTS OF PERCOLATING WATER ON
THE GRADING OF A FILTER SAND

]g&roduction:

Before proceding to discusa the effects of percolatin~

water on zoned or layored filters, consider what ceffect wator
has on the gradings of aingle sands. Tho methods of testing

and the apparatus uszod have all becen deacribed in the
proceding chaptor.

For an analysis of the changos of grading a knowledge
of various types of grading curve 1s roquired and the more

commen and useful mothods of drawing particle sizo distribution

curves will bg deoscribed before analysing the various

mechanisas of changes of grading. After this the charactoer-
istics of sands which do not behave an filtors within them-
solves will be studled and a description and report will be
givon ¢f a numbor of spocial teosts whicia were carried out to
nvostigate variocus minor effects.

Finally, after marshalling all the availablo
{information roccmmondatlions will bo glven for the selection
of asnds which are required to behavo as filters within
themaolvea,

Introductory - The Scope of the Tnvestigation

The solls used !n this investigation ombraco a wide
range of types of sands which could poasibly be used in the
construction of graded or zoned filtcra. Of the fifteon
samples used, five are river sands = a type of sand most
suitable and moat commonly usod for filter construction in
Southern Africa and oversoas at prosent. Five sands aro
erushod sands which are not ugoed to a vory large extent in
fllter conatruction overseas (Durope and North America) duo
to the plentiful supply thore of good natural river sanda.
In South Afrina, however, good river sanda aro ox nstve
and in short supply and crusher sanda arc coming into
{ncroasing usc as [iltor medla., At rosont this is thoe
case principally in the Gold Nining ndustry where thoir
use 15 mainly for protective [lltera lor alimea cans and on
municipal works where crushor sando aro bel tnoreasingly
usod in the conatruction of sowage purification filtera.

The remaining typoes of sand arc not in common uao in
filtor construction, bu{phavo beon used in tho past and ;:11
concoivably be usod in tho future. ™wo samples of sand from
anciont Kalahari dune deposits we=o usod. These sanda occur
quite commonly in Southorn Alrica and are distributed over
wide arons., Tho depoaits are already oxtonaivoli worked to
provida 'pit sand' for bullding purposes and will no doudbt,
sooner or later bo reauired for riltor construction.

! a sanc formed from A docomposed sande
stone wngn:sg;Tplgtcga not known whother such a sand hn: beon
used proviously in Southern Africa for filter oonltrgggc::;
but a similar sand is being used for the protoctive
of a large carth dam now under conatructlion.




One sample of a waste ash was also used. This
material appears at first sight to be a good, stable,

permeable matcrial and might quite conco%vably be chosen
for a filtor layer.

It is considered that the sands used in this
investigation cover a wide enough range of types, gradings
and poological origins for any conclusions arrived at to be
of tairl{ gencral application. The number of samples tosted
(fiftoen) may not appoar large, but due to the laborious
testing programme called for, this was the largest number of
sanpleos which could be handled in the time avallable for the
{nvostication. Because of the small sample number extonsive

uso has been made of statistical mothods of cstimation in an
attempt to obttain more certain results,

.1 descriptions of tho sands usoed will be found in
the accompanying SOIL SAMPLL INDUX.
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(1) COMMON METHODS OF CONS
GRADING CURVES STRNEEEN

There are a number of ways of drawing ~radi
for soils and artificial crushed agarogates all of which have

their own peculiar advantages.
have been considerod horg:g Only three types of curve

The Non-Cumuvlative Semi-Logarithmic or Graln Size
PFrequency Curve,

The Cumulative Sen{-Logarithmic Curve,

The Cumulative Log.-Log. Curve.

Consider two sands which have geomotrically similar
particle alzo distridbutions but moan pﬁrticlo aizog which arc
not equal. Only with a logarithmic particle size scale will
the grndin? curves be congruent and have the same shape
althousgh displaced from each cther eithor towards the fine or
coarse particle size range.

(a) The Non-Cumulative Semi-Logarithmic Curve:

Here the percentage by weizht retained on the
individual sieves or the percentage by welght corresponding
to an individual hydrometer reading are plotted as ordinatos

ainst the logarithms of the particle sizes as absclssae.

i3 methoc gives a curve cloaoli related to the statistical
Histogram. e area of a strip located above an arbitrary
grain size rnn?o. Ce3e 0ol mmeto 0,2 mn. reprosonts the
quantity of soil particles within this range as a porcentage
of the total dry wolight.

The typical curve obtained from a single crushing
oporation carried out on a structurally homogeneous rock such
as an izgneous rock 18 a single goakod. bell-shaped curve,

The 1llustration shows a typieal curve for a jaw crusher fod
with a sound, hard norite. Those curves may be aymmotrical
or skowed either tovards the fine or coarse particle alze
rangos depending on the characteristics of tho crushing

operation.

In natural soils !t freguently happens that the
products of two or more procerzos of comm nution are deposited
together in the form of a more or loss intimate mixture. Each
process will be characterisod by 1its own particular curvé and
the reosultant curve for tho mixture will be multi-poaked,

The graln size froquency curve 13 tho only form of grading
curve which oxhibits this property. Thus the grain aizo
froquoncy curve can reveal a lot of unguspocted information
about the orizsin of an apparently complotoly homogonooud soil.
The 111uatrnthn shows a triple poaked graln size froequency
curve for a sand which was apparontly a homogonooua rivor aand,
and would have boen expectod to have only onc peak.

(b) The Curmlative Semi-Logarithmic Curve:

Hore cumulative percentages by woight of particlos
finor than a given size are plotted as ordinates against the
logarithm of the particle s!zc as abscissae. This is for

modt purposes tho most convonlent ropresentetion of the results
of a particle size analysis, and has been adoptod in this
thesis for moat purposcs. It 1s anulogous to the ogive of
statistical literature. A groat deal of information as to

the constitution and grain size characteristics of the sand

can be readily road off thias graph.
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Neithor of tlic above two curves aroc simple in form

and it 1s scldom thot apecimens of oith
described by a mathiomitical Oxprosaion.or can bo adoquatoly

(¢) The Cumulative lc,-Log. Curve

This curve 's similar to the cumulative scmi-
logarithmic curve occept that thoe cumulative percentages are
plotted to a loar!thmic scale. This curve gencrally has a
simpler form than tho previous two and is ususlly a straight
line over much <’ its length. This has been found to be
charactoristic ol most materials that have been broken down
by natural cruser and alsc of many crushed and greund products.
Continuity o! ;Po curve must be destroyed by any seloctive
acticn to whiclh a material may have bcon augjocted and
deviatlions rror a straight line aro to be expected at both the
upper and lowope alze limits due to errors in sampling, size
measuroment, otce

Tho straight line portion of the curve can be described
mathematically by:

log ¥y = nlog x + log a

Where x = size of siove aperturo.
¥y == correspondins curulative percentage by welght of
material passing the sievo.
uw and a aro constants.

Thiz Iimplies that on natural scales the grading can be
described by: 7 = axh,

Another expression which takes into account the
devistions from a straight line at oither extremity is the
Busin-Ramaler relation which is extensively used for crushed
cnal - n

X
« crorsize x = 100 € . X,

The illustration shows two curvea for typlcal sands and a
curve reprosenting tho RosineRazmler re ation with n = 1

.M i = 0010 o

(11) THE APPARENT MECHANISM OF GRADING CHL\NOES

A study of tho changes in the semi-logarithmic greding
curves brought about by the action of percolating water has
rovonlod five basic mechaniams of zrading chanse in filter
sands. Theso five modes in which vhe grading of a fllter sand
may chanzoe have boen further 11lustrated by a visual inspoction
of the toat cylinders of sand after gub Joction to flow actlon.

Grading changes appear to have occurred as a rosult of:

(a) A pedistribution of fine particles v¢ithin the mass of tho
sand without approciable loss of fine material from the sample
as a whole. This results, gonorally, in a coarsening of the
gradii; of tho uppor portion of tho gamplo togothor with a
corresponding increase in the porcontage of fino matorial con=
tainod by the lowor portion of the sample. This actlon is
vory wol{ 11luatrated by the accompanyl photograph and the
correaponding grading curves, both of which arc for tho same
samplo of ven Ryn Sand. It will he seen that this godo of
failure results, in goneral in the formation of an "hystoresis
loop" on the grading chart botweon the grading curves for the
upper and lowsr portlions of tho sand in tho test cylinder.
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