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The di3chargo from the test cylinder fed Into a 

second overflow type constant head chamber, the ovorflow from 

which constituted the discharge through thn cylindor of soil 

and was moasured by means of a measuring cylinder#

The total head causing flow wa3 measured as the 

diffcronco botwoon the levols of tho water in the two constant 

head chambora. This head was used t 'ulate hydraulic

gradients and coefficients of porreabi]ity.

In the lattor stages of tho tost when tho do-airod 

distilled water supply was oxhaustod and tho feed was swltchod 

to tap wator, a connection was taken directly from tho upper 

constant head chamber to the tent cylindor.

Wator Dc-Airing Apparatus:

Tho wator do-alring apparatus used in tnis investigation 

and doocribod here is a modification of an apparatus dovclopod 

at tho Harvard Graduate School o.' .ginoering*

Tho assombly of tho do-alring apparatus ls shown in 

... ->.*■ . . I ho distilled water rosorvoi r wa3 connoctod by 
rubber and glass tubing to the top of the do-alring column 

which providod a constant height of i'nll for the water* Ths 

distilled wator enterod tho do-airing column through a 

capillary notzlo r.ado by drawing out a pioco of glass tubing.

The nozzlo introduced tho wator Into tho column at a slow rate 

in the f o m  of a fino over, spray*

Tho do-airing column wa3 packed with marbles which 
actod as laundors causing tho wator to ti-lcklo down in a tftin 

film of o sur: >s* It has boon found that w ®Jer

trickling with a largo surface arc* oXP°!c* The

dissolved sir moro readily than a spray £ * U 1M  frM l ? *  The

spray nozzlo thus actod nerely as a £h®ck ™  ?hc*falling

of wator through tho apparatus aad helped dlsporso the falling

wator over tho croas-soction of tho column*

From tho do-airInc column the water fell Into a large 

glass carboy which wa3 also ovacuatod and further

delay tho passage of wator through the apparatus.

From tnc auxiliary nook at tho bottom of this carboy, 

tho water passed Into the bottom of tho de-airod wate.

containin' ioC£ a l  b a l l i o n V ^ c h ^ a a

■ c  of th. b o m . ,  the balloon h.n;: < ^  limply • (#

™ ^ r $ r 7 l h ? b o m i 0“  thUt'i^no ll». could any ton.lon 

dovelop in the mombrano of tho balloon.

Two connection:! wero ^ kc”̂ r^ 015hthoC insldotSf tht, 
alrod distilled wmtor* Hoaorvoir, ilorn# Those two

bottlo und one from the , tlv moans of screw

connect loan could be closed i n d e p e n d e n t l y . by raoans 

pinch-cocks beyond which tho connections *oro unltco oy

of a gla33 fY'.

Tho connection Crcm tho bnso of t h l s j

a vacuum guago to a wator trap, i ctricnlly driven

with oalofum chloride a n c o ^ n ^ l . c t r i ^ ^ y  ^

high vacuum pump oi tho oil
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DESCRIPTION OP TIIE TESTING PROCEDURE 

ADOPTED IN THI3 INVESTIGATION._______

Tho toatlng procoduro may bo doacrlbod undor two 

gonoral headings:

(1 ) Routino testing uaod to establish tho ba3ic
proport loo of tho 3and (In thia coac tho particlo 

slzo distribution). lindor thia hoading como:

(a) Slovlng Analyaoa.

(b) Hydromotor Analynoa.

(c) Spoclflc Gravity- Determinations.

(ii) Spocial toitlng to establish tho hydraulic proportios 

of thr sand* This consists of tho Spocial r t< .’>t

using do-airod dlatlllod v.-uter.

In oach case standard methods of toating wore adcetod 

which experience has shown to give tho most reliable results 

in a manner most ocononlcal of both timo and effort. Those 

mothods of testing aro not genorally rocoirx’ondod for 

application to any typo of soil, but for cohosionless and 

slightly cohosivo sandy raatorials they havo proved adequate.

To facilitato the testing routino standard rosult 

sheets woro drawn up. Those wore found to ease the labour cf 

both testing and reduction of results.

(i) Procoduro in Routino Toatlly.

(a) Slovo Analysis

Slevo analyses wero earriod out on air dried sanplos 

of tho sande.

Tho procoduro was as foTlovs:

1. A nest of STA?:.v\..J T'/LTH T! ' : '•__  was solsctod and ssoh

slovo carofully cleaned with abr'ias wire brush to remove any 

loosoly soil partlolos fro* tho sieve meshes. The

slovos wero then welghod to ar. accuracy of t 0 .1 gramr .

Tho succossivo slovo sizes v/oro sclocted so that 

succoss1vo slovo opening* wero approximately In the ratio

1 : 2. Thu usual nlovo nosts usod wero:

S e r l o  (a) Series (b|

0.371" 0.371"

4

0
14

20
40

100
200

•1
10
20
35

60

100
200

Those two ranges wero found to give a good distribution of 

points on tho grain uizo curvo.

Tho largest alove used depondod on the coarsonoss of 

tho soil being tested.





2 , A sample waa next weighed out to 0*1 grr.» The usual sample 

air.e usod was about 600 gramr.eo.

3. Tho slovo r»03t was providod with a pan and tho soil sample 
*09 poured in. Tho aiovea woro noxt placod in tho *R0-TAP* 

MECHANICAL 3I.JVING MACHINE and aievod for a poriod of 5 minutes

4. The siovca were new aoparatod and cach slovo *.nd contents 

was woirhed. Tho pan and co.itanta was also weighed and tho 

contont? of th« pan (• *200 alevo) woro transforrod to a bottle 
for future hydromrtor analysis.

5 . Tho contorts of oach alcvo w*jro then washed using a 

copious quantity of water in a fairly strong Jot.

During thia procoss, tho pan was discarded and tho 

sieves wor** arr • -tr of decreasing sizo of oponing.

As soon aa tho wash water in one siove was cloar, it was 

removed and the succeeding sieve also washed.

The washod sieves wore dried in an oven, cooled, and 

thon rewoighed.

6* The weights of soil rotainod on each sieve in the dry 

sieving procoss and tho weight of finos in tho pan woro addod 

to obtain the dry woight of the soil usod.

The weights of soil rotainod after tho washing process 

woro usod in the calculation < - pcrcoit rotainod, tho 

cunulativo percent retainod, and the percent finer and hence 

in tno plotting of the GRAIN -IZE DISTRIBUTION CURVE.

Kotos on tho Mothod:

(I) A comparison of tho wright of tho soil sam&lo obtainod 

by weighing in a dish beforo sieving and that obtairod 

by adding the wolghts of soil rotainod on the sieves 

and In the pan after dry slovin^, gavo an indication 

of tho amount of soil lost frcn tho slovos during tho 

sieving process.

(ii) The uso of tho soil sample woight obtained from tho

dry aiovlng also olijninatod sono of the orrors incurred 

In tho weighing of tho sieves as the sane scale wsa 

u3« :'or all # tgs if one test.

(iii) Tho uso of a mochanical sJove shuker and a standard

siovlng timo eliminated any errors from saitplo to sample 

duo to difforoncos in slc/inc technique.

(b) Hydrometer Partlclr • ’.so AtvUy3,ls.

An Hydrometer Pnr.ielo 3ise analysis was carried out

ftn *’ '’no S I ^ V’ fraction of oach soil analysed to g»v° ®

on tno . • ji.-v.. irm w u u  '■* z. .. _ «.»,*, thrt sfnvo analysis 

combined particlc s U o  aivilysls together with tho s.ovo anaij

1. Tho sell sample weight was detorminod by woighing the 

sanplo in a small aluminium dish on a beam balance to 1 C.01 gm.

Tho sample was thon mixed with distilled water and

transferred to a 1000 ml. m?a3'Jr^ n8hl 2 inffU into one tubo ef an 

Jot of distillod water obtained by , ^ ® wlnf /iS?-*. <><\ro was 

aspirator bottle fillad With wa cr. Great^care

takon to ensure that no soil w»3 lost



2* Tho following deflocculatlng agents woro now addod;

2 ml. Sodium Oxalato (saturatod solution).

2 ml. Sodium Silicato (saturated solution).

Tho abovo solutions in their ro3poctivo concontrations woro 
found to give tho *oot results for tho fino fraction of 

9ands in goneral. This procodure was standard during all 

tostu.

3 . I m  aaui li I r was now l iiled wit) iHod 

water and the soil-wator mixture was thoroughly mixed up and 

agitated by shaking the cylinder - its mouth boing closed by 

tho palm of tho hund.

Bocauae of tho nature of tho samples testod (thoy woro 

all in tho form of a fino powdor thoroughly brokon up by tho 

dry sieving procoss in tho fccchanical Slevor), it was not 

found necessary to disporso tho soil particlos in tho water by 

mixing with a cocktail shaker as is usually done.

Tho rc«as”ring cylindor was now t -pped up with distilled 

water to tho 1000 ml. mark using a pipetto.

4 . fhfl hydromotors uaod woro of a special stroamiinod type 

and woro stored alongside the cylindor conta’ning the 30J1 * 
water suspension in a similar cylindor containing distilled

wator.

5. Tho riso of th» moniscus against the stem o' tho hydro­

meter above the aurfaco of the distilled water was noted in 

terms of divisions of tho hydrometer and constituted tho 

meniscus correction. Hereafter readings woro taken of the 

top of th j noniacua on tho hydromoter atom only.

Tho tcmporaturo of tho soil suspension was now notod.

€• Tho cylinder containing tho aar.pic was woll ahakon UP 

and placod on tho bo. . atopwatch waa atartod, tao hydro

note? »»» In.o.'tcd In tho .ottllyg joil ou.poMlon »nd rood- 

Insa w ro taken at rvala of «i ii 1 # 4 r..ns* 
repeated threo times thus obtaining 4 sots of roaJ tho

range 0 to 2 mins. Tho hydrometer was ™movod f r w  fc*f0

r . o S l n g V  th. hydromotor I n “SSp.nSton Sni a 

.nd tho hydrorcotor *«» J ^ t o r  w,.s thorn tmnodHtoly 

r.odlnp token nt t mlno. cylindor. Thorooftor 

removed and replaced 1 S  a 18 30 CO otc.

readings wcro takon aftor the lapse of » # * 'j v<jr0.

rains, until no dlf co could bctobacr^0^ b° ^0^ 1Vy
mete; readings in the distilled wator and In tho soil

suapons ion.

7. Tho eoiculntlon of tho ... cnrrlod out

a calibration chart.

Tht auoooa* of thl. m o t h o d o f . y d r ^ o t o r  ?n»ly?l»/°'

materials of tho tyro to3*or* 3lovinf and hydrometor

vory seldom did tho curvos obtained by sieving u

work not match up well*
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^ ™  *.In-mrriPlTh<o8Cd "*5° V°ry 3m^ 11 Var7ing bctWOOn 20 

and 30 grammes. Thla provod vorv successful w  tests soldom

ran for more than two hours total tlroo.

(c) Sjgociric Gravity Do terminations

Spocific Gravltlos were moasurod as tho result r* 

tnro© Independent determinations which woro mado undor 

conditions no closely similar as possiblo. Tho procoduro was 

a3 follows:

1 . In order to cnauro an absolutely dry pycncmeter flask, 

each flask boforo uso was rinsod with alchohol and thon 

evacuated until all the alchohol had ovaporatod and a porfoctly 

dry flask resulted,

2 . Tho flask wa^ next wel"had cloan, dry and empty and with 

its stopper in position to an accuracy of 0 .1 granmo.

3 . Tho air-dried sample of tho sand to be tested was next 

introiucod into the pycnonetcr uainc a funnel made of * liter 

paper. The ujuu 1 size of sample was approximately 2J>0 gjn.

4 . Uslnc a funnel, sufficient Clstllled wator was now added 

to tho flack to siturato tho sarr.le and covor it to a depth

of about m inch. Tho flask was now Li evacuated and bf'ilod 

under vacuum at roon temporal uri. to oxpell all air entrapped 

In tho sample. Tho contents of tho flaak ware 3Wirlod around 
during this procoss to facilitate tho oscapo of tho al 

duration of thia boiling (under a vacuum of about 234 lnchca 

of morcury) was usually about 5 mlnutos or until no moro air 

was observed to bo coming off.

Mere distlllod water was thon added to bring the water 

lovel to Just bo lew t’»e nock of the flaak when the boiling 

proccduro was repeated.

Tho contonts of tho flnsk wore thon topped up to tho 

graduation nark on tho nock by means of a large pipette.

Tho tomperaturo of the contents *a** notod.

The pycnamotor flask was stoppered ana with Its 

cot tonts woifthtd to tho nearest 0 .1 gramme.

5. Tho flask was emptiod, rinsed, an* then filled w i t ' 

distilled water up to the graduation tempcraturo 

was again note 1 and the atopperod flask v i i f l M *

6 . Frau tho results of the weighings, tho Spocific Gravity 

waa calculated.

7 . Tho spocirto Orovtty or tho .and «one*Pn.d «»» t.k.n a.

tho moan of the 3 independent determinations.

Notes on tho Method:

(1) To o b v L t o  03 niuch 00 poa.lhl.orroro In » t0
balance defects, tho samo balance was uood ror a n

^oi^hlncs.

(11) Tho tosto woro carriod out in a part 1
which tho ulr tcmpor.turo of tho

distilled wator waa olao atorod In thla acction 01
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laboratory* Tho rosult of this v;o3 that tho tomperaturo 

P< xdln a and (f>) aoldom varied by more than t 0*2°C.

This variation would havo negligible offocts on tho 

opcclfic gravity of tho v/ator and tho voluno of tho

pyenomotor •

Mil) As tho accuracy of tho S,G. determinations dopondo on

tho dotormination of a small difference botwocn two largo 

wuights, this dlfforonco was lncrcasod in rolativo valuo 

as nuc'.i as posslblo by using ft lnrjo Lo sizo.

(iv) Tho motliod of dotormining the dry weight of tho sample* by 

diroct woi;?hlng In tho pycnomotcr is more aecur&to than 

tho usual nothod of collecting tho soil-wattr mixturo in 

an evaporating dl3h and w o l h i n g  aftor evaporating to

ar over., 'i >t . r;ly -1 -■ it cllminato possiblo 

errors duo to loss of soil in tho transfer frosr. 

pyCn< lctor to drying dish, but as trc woit;ht is dotor- 

nl-oJ on an air-dri , *<- method eliminates

errors of loss of weight of tho soil in ovon drying duo 

to volntilo oror *anlc constituent*.

(v) The pycnonotcrs usod wero of 1000 millilitres nominal 

capacity•

(iij Procodurc in Spocial Tostlng

(a) C p n t t  ,n -f •'fttc.r :^-Al.-lry Apparatus:

Tho water do-airln,; apparatus was operated n< fellows:

1. Tho load to tho dl.vlllod v.: V  3wnShod°on un? 1 1 ^  vac aur*

r . r c ^ T ^ S  d“ "ojod Inside tho apparatus.

.SaPSiltablo ^ t o nfrOT°tho spray

to glvo an ovon gcntlo opray a- ft

nozzle •

Whon tho vacuum had built “p

mercury) the punp was • thfxt tho vacuun foil

allowed tn ru:. tu i* -. a: . - *'a if tho punp waa

off vory slowly and unucr ^ l s  sufflcod to koop tho

run for flvo clnutoo ovory half hour t m s

vacuum abovo 20 ln« ol mercury#

4. Whon tho carboy £ f * 2 J ° d U e o ^ t o d <. * at

and tho vacuum wero shut o n  nnu

Durlnc testing,the d o l l v o r y ^ u b o ^ l o a d l ^ f r ^ t ^

cartoy was connected c L r o c t h a l l o o n  dircctly to tho cons 

sanplo and tho tubo froE tho balloon air

head chambor.

(b) frnrudur:. In H l t c r  Tu.n_ ^  iand woro

On arrival In baGfiod for

air-driod und thon thorougnly

atorago. . <n. an

I'rollm Inary t o s t ln f  cons la ’.^d^of det»r^

accurato particlo s U o  dlat anftlyalo* TUi

siovo and hydromotor .ir"viously*

out In tho manner described proviou y
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Sanploa wore proparod for tho apodal flltor toats by

the following procedure:

1. Tho poroua plntoa which wcro to bo U3cd were wol^hod to 
the nearest 0.1 o. Tho permeamotor was a33omblod by
plnciiv, the f.laaa cylinder upright on tho lower end plate 

(with the acrcw nipple rcmovod) and with tho lawor poroua 

plate in poaition.

. An ovaporn c^ntainin^ the requisite -id was

ho i to the noaroat 0.1 praruno. Tho sand was loosoly 

jjurod ^nto the cylinder in s^ctiona approximately 1 cm* In 

thicknoaa, each lay^r beinf; Icvollod off gently boforo placing 

tho noxt• In tl'ia woy the initial void ratio of th< I was 

kept tc na hich a valuo as it would probably evor bo in a 

ctrcloaaly constructed filter layer.

3 . Once tho g^ 33 °y " waa full and tho upper porous

plato was in position, tho material remaining In tho dish was 

rcwoi^hod. Th*.* diffuronce betwoon tho weights obtained in 

3topa (2) and (3) boinc tho initial wol^ht of soil In tho 

test, cylindor.

i. The assembly of the porncamotor waa now completed by tho 

addition of tho uppor end plate, tho 30curin^ bolts and tho 

ncrow nipples. Tho test cy was now plaoed in it.3
3upportln~ rack.

Aftor the test cylinders wuro packed, it wos nocoasary 

to saturate tho aamplos iri such a manner that no air would bo 

entrappod In tho voldo of the sand or In tho connecting tubing* 

This was accompliahcd a s  follows:

*>. The tap wator supply was adjuatod until tho uppor constant 

r was ovorflowing stoadily. By opening the pinch 

. k Li :: in th tutoii I t*< m  chi i haatot r and the tc -

aired distlllod water reservoir was roplacod oy wator and .no 

tap water supply was connoctod to the Inlet of tho balloon 

r.cd in the do-alrcd wator rosorvrir.

6 . A rubbar tuba leading to a water Jc *uh pump » * ■  « « * *
connected to  t- 3 T-j r L  i t

the dc-alrod watar r ■oir. The lower

constant head chamber was filled with dlsti tod water.

7 . Tho Jet pump was turnod on and with tho lead from tho tost

'indcr tc th l£ad to tho

cvlJnior and co- ins " « 3 ‘ * 1
lewer constant head charabor was now 6ra£ual y epono^ *

sand a maple in tho toJt cylindor was P i t t e d  to 

the bottom upward. When tho wator appeared in the glaos T

cc, tho tost cyl'5-ur was i * ' f w »  water

tho tibinc between tho pir.ip and the dc-alrod distilled water

supply was filled with water.

6. Tho lend to tho pump was now c lftmPod and with th° aystom 

complotoly full of wator tho teat was read} to start.

9. The initial length of tho aand • ^ 0w^ <,a??!t®3^0fUXly 

noasurcd using a stool rule* and tho flow

At lntorvnla durlnG tho courao of tho permeability 

toot roadinjs wcro takon aa follows:

10. Tho overflow from tho lo«oroonstRnthoadchantor was

illvortod Into a noasurlns cylindor and th0
watch v/na atartod. Whllo tho 1 low w a. i^riowlnj* wator was 

mcnaurlne cylindor tho tompcraturo of the outflowing wator
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taken and the longth of the soil sample v/Q3 measurod. Tho 

ovorflow was now divortod from tho moasuring cylinder, tho 

watch bolng simultaneously atoppod.

11. From thoso observations valuo3 of tho permeability 

(roducod to a tcmperaturo of 20°C) and tho void ratio of tho 

aaxnplo woro obtalnod at a aeries of timoa aftor tho commoncomcnt 

of tho flow.

12. Once tho do-airod dlatillod water supply was oxhausted,

a switch was nado to tap wator and tho teat was contlnuod for 

the romalnder of a 24 hour period, a pormoabllity reading 

being takon imoodlately before discontinuation of tho tost.

13. After diacont inulr\; the to.it, ti.o r.lars cylinder contain­

ing the sand aarplo and porous end plates waj placed on end

in a small evaporating dish caro boliv taken to avoid tho 

loss of any soil. Tho dlah and contents wore thon placod In 

an ovon and drlod*

14. Tho coolod over, dry cylinder of sane' waa noxt wcighod to 

tho ncrrost 0*1 <7 1. and tho aand sample waa split into throo 

approximately equal portiona (designutod:uppcr, middle and 

lower thirda) caro bolng takon to avoid doatructlon of tho 

particlo alzo distribution of tho aand in tho various portions 

of tho cylinder as established by tho percolating Veter.

16. The cwpty cylinder, dlah and porous platea woro thon 

roweighod ond honco tho final rfoight of tho 3and 3Ui.iple and 

tho loss of woight duo to migration of fines out of the samplo 

w<\3 dctoimincd.

1C* The poroua plate* woro rofoighod In order to dotormlno 

wheth :iad b e 'ono cloggod oy fino ll»

1 7 . Finally, particle size analyses were carricd out on

of tho throe fractions of the original soil sample in ^ d t r  t 

dotormlno what grading changoa had taken placo curing tho 

filtor tost.

NOTES ON THE SPECIAL APPARATUS AND 

TESTING PROCEDURE_____________________

The Water Do-Air In.- Apparatus:

This apparatus is used, on a vastly larger 3ca.*.c b> 
tho mining lnduotry in a procosa involving the Je-alring 0 
e«..Td. Elution. Ir that c « c  It work. Mtronoly -oil »nd

honcc I t  c o u l d  b u a r t i c l p a t o d  t h a t  t h e  . a o U o r  o o d . l  ■ «*“  
vrnil Tho vacuum obtained in tho apparar.ua is

J #  S l c h % « l n , 5 a p p r o x l » o t o l y  83 In.
prevailing atmouphorlc proasuro In Johannoabur* la only ^ 

in. of noroury.

It haa boon found that ouch an JPPjrstuB** caPabl° 01 
reducing tho dissolved oxygon content of f 1 ̂  u t r o  ln

ninatdy 0.4 c c . por litro to oin y • , As oxygon and 

ono oporation if tho wator aupply 1 P tl* ‘ ln wator uridor a 

nitrogen dissolve In about lSnll to tho air 

glvon proanuro, the oxygon content P >rroaoonds to wator 

content. Tho vulu 6.4 cc. ptr U t r o  preheatins 

at room tomporaturo and atnosphri le p •> was 

was not uood it I a unlikely that the oxygon c o n t e n t ^  ^

roduccd 30 low. Novorthelo** the v a dorreo of saturation

starved" to bo effective in giving a high degree oi

in tho aamplos.
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The cpjrati' n of tho Apparatus was very convenient as 

tho procoss is continuous and nooda littlo supervision. Also, 

tho rocoiving vos3el could bo usod diroctly in tho filter tost 

apparatus and no problorn of transferring do-aired wator from 

one vossol to aneth r-oso*

The Flltor Tost and Apparatus

Tho apparatus and toatlng procoduro dcvolopod for 

thoso tostj provod successful in providing tho information 

doslrod.

Mo diroct measurements of tho degroo of saturation of 

samploa undor tost were made. Immediately after saturating 

tho samples it was rail' found that tn p< .vere few remain­

ing a*r bubbles vlsiblo In the test cylindor. Ir. ovcry case, 

within a short t lino aftur tho flow of the do-alrcd distilled 

water had started, nc air bubbles wcro vislblo and the test 

eyllndora :'lowod full. Th«- changc-ovcr ♦.c tap wat.«r did not 

appoar to havo any appreciable effect over a period of aono 

hour3 on tho accumulation of air within tho samplo, in any 

coso thoro wcro no visible bubbloa. Howov< r-, the permeability 

at the ond of 24 hours had always droppod off fron lta oarlior 

value# and this was possibly caused by a loss cf head d\,o to 

air S' tlon in tho pores of tho samplo.

In oach and ovory coso of thoso tosts an i:n''odiato 

consolidation of tho samplo took placo as 30cn as flow stirtod 

in a dov 1 diroction. Thereafter consolidation pro-oedod 

at a vory slnw rate ond its magnitude was usually too small to 

moasuro •

In almost ovory ciso, tho only vislblo los3 uf fine 
matorial from tho toot cylinders occurrod during tho first few 

minutes of downward flow when tho lssuin* wator was dis­

coloured. This condition soon paaeod and the water 

rapidly. The dooislon t » limit, tho duration of th a flltor 

tests to 24 hours was mainly Juatlflod by this observation cf 

the rapidity with wnieh tho main chances of grading took 

place. In cortain caaos it waa pooaible to aoo the 

lr grading which had . er soction o. tno

samplo being noticeably cooraor than thr lowor soction. in 

one case, that of the E.R.P.K. Furnace Ash, tho movemont of 

particles within tho soli sample was plal.ily vislblo for a 

long por' ' r thr cnt of th< flow.

Tho hydraulic losaes in tho flltor test circuit did 

not appoar to bo unduly high and no correction was nado to tnc

• , a c c  so loaaos.

circuit with an c . tv tost -.yllndor, but with the porouu platoo 

In placo *tj>poarod offor vory little roslstanco to n o w .

Tho overflow typo constant head chnmbors provod vory 

succossful m d  wcro v<ry oensltlvo.



CHAPTER IV

THE EFFECTS OP PERCOLATING WATER OK 

THE GRADING OF A FILTER SAND

Introduction:

Before procoding to discuss tho offocto of pcrcolatin^ 

wator on zonod or layorod flltoro, consider what effoct wator 

has on tho gradlnga of . is* Tho methods of testing

and tho apparatuo usod havo all bocn described in tho 

proccdlng chapter.

For an analysis of tho changos of (Trading a knowlodgo 

of various types of grading curvo is roquired ana tho tnoro 

common and useful r.othodo of drawing particlo sizo distribution 

curves will bo deacribod before analysing tho various 

mochar.isms of ohanges of grading. Aftc" this tho character­

istics of sands which do not bohavo as filtors within thom- 

selvos will bo studied and a description and report will be

f lvon cf a nur.bor of spcclal tosta whicn wore carriod out to 

r;V03ti.r;utc various minor offocts.

Finally, after marshalling all tho avallublo 

informat lor*, roc rxunondat Iona will bo given for tho selection 

cf s*nda which aro required to bohavo as filters within 

themselves.

Introductory - The .jcopc of tho nvoat. lpat Ion

Tho soila usod in thla investigation orabraco a wide 

rarwo of types of aandu which could possibly bo usod in the 

construction of gradod or *oni ' rliters. Of tho fiftoon 

samples sands - a type of st-

suitable and most commonly usod for filtor construction in 

So :oa i' prosont. . iv.

crushod sands which aro not used to a very largo in

filtor construction ovorscac (Uuropo and North 

to the plentiful supply thoro of good *****

In South Africa, howevor, good river 5  
and in 3hort supply and cruaher sands arc coming into

•

case principally in the Gold Mining Industry *£•*• JhJ** on 

use la mainly for protoctlvo filters ior sli * oasinrly

i worka whoro cru-.hor aando arc 1b ^ l *  
usod In tho construction of nowago purification filtora.

Tho remaining typos of oand are net In J ^ J  ^ S i l l  

filter construction, but have been used In tho pajt^tnfl ^  

concoivubly bo uaod in tho luturo. . L ^ t| atnds occur

ancient Kalahari duno deposits we • us . atributed over 

quite oenmonly In Southern Africa and are distributed over

wide areas. The deposits ..  tlrotdy extensively worked to

provide 'pit ua mi * for building purposes and will no doubt, 

sooner or later bo required for filter construction.

Ono sample cf a sand formed iron a beon

stone *a.j uaod. It is not ^nown wheth c o n s t r u c t i o n ,

uaod previously in Southern Africa lor nrrfcoctivo filters 

but a similar Sand ia being usod for the protective 

of a large oarth dan now under construction.
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One 3ftir.plo of a wasto ash was also U 9ed. This 

material appoars ut first sight to bo a good, stable* 

pcrtnoablo material and might quite conceivably bo chosen 

for a flltor layor.

It is considered that the 3ands used in this 

investigation covor a wide onough rango of typos, gradings 

and geological origins for any conclusions arrivod at to be 

of fairly genoral application# Tho number of samplos fccstod 

(fiftoon) may not appear largo, but due to tho laborious 

tenting prograrr.no callod for, this was tho largest numbor of 

aanploe which could bo handlod in tho timo available for tho 

investigation. Bocau3o of the small sample numbor extonsivo 

uso has been mado of statistical methods of ostimation in an 

attempt to ottain more certain results.

1 doscriptiono of tho sands vsod will bo found in

the accor.) nnying SOU, SA^MTL; TNCLX.
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(1) COMMON METHODS OP CONSTRUCTING 

GRADING CURVES

Thoro are a number of ways of drawing *rading curves 

for soils and artificial crushed ag;rrogatos all of which havo 

thoir own peculiar advantages. Only three types of curve 

havo boon considomd here:

Tho Non-Cuciulat Ivo Conl-Logarithnic or Grnin Sizo 

Frequoncy Curvo,

Tho Cumulative Soni-Log» rithnic Curve,

The Cumulative Log.-Log. Curve.

Considor two sands which have geomotricnlly sinilar 

particle also distributions but nor.n particlo sizes which arc 

not equal. Only with a logarithmic particle size scnle will 

the grading curves bo congruont and havo the sano sft&r*. 

although displaced fron ouch ether oit'nor towards tho fine or 

coarse particle size rango.

(a) Tho Nor.-Cumulntlvo Soml-Lorarlthrlc Curvo:

Hero tho pcrcontago by weight retainod on tho 

Individual slovos or tho percentage by weight corresponding 

to ar. individual hydrometer reading are plotted as ordinatoo 

against the logarithms el' tho particle sizos as abscissae.

Thia methoc gives a curve clcsoly related to the statistical 

Histogram* The nroa of a strip xocatod above an arbitrary 

t*rain sizo range, e.g. 0.2 mm.tv 0*2 sun. roprosonts the 
quantity of 5**11 particles within this range as a porconta^o 

of tho total dry woight.

Tho typical curve obtained from a single crushing 

oporation carried out on a structurally homogeneous rock such 

"r. : rock is a singlo peaked, boll-shaped curve.

The illustration showa a typical curvo for a Jaw crushor fed 

with a sound* hard r.orito. Those curvos may be syiamotrical 

or skowod either towards the fine or coarse particlo size 

rangoc dopondlng on tho uharactoristics of tho crushing 

operation.

In natural soils it frequently happens that tho 

products of two or more procof-oc of comminution a:’o deposited 

r in tho fern of a ; . ess intimate mixture .Each

process will bo characterised by its own particular curvo anJ 

tho resultant curve for tho mlxturo will be multi-poa«<od.

Tho grain sizo frequoncy curvo ia tho only form of grading 

curvo which exhibits this property. Thu3 tho -Tain 

frequency curvo can roveal u lot of unsuspected lnforma ^ . 

about tho origin of a p<rently conplotely hooogenojus soli. 

Tho illustration shows a trlplo poakod grain sizo froquoncy 

curve, for a sand whioh waa apparuntly a homogonoous rlvor aan.., 

and WwUld have boon expectod to havo only ono pook.

(b) Tho Cunuletlvn Sen 1 -Lo;:nr 1 thmlc Curve I

Horo cumulative percontagoo by weight of particles 

finer than a given size aro plotted as ordinates against the 

logar’thr oi' the particle si so as abscissae. This is for 

most purpoaoa the most convenient representation of tho results 

of a particlo alze analysis, and has boon adoptod in thi3
thosis for moot • ‘ ^  • ’ouo 1■ thc of

statistical literature. A groat doal of Information as to 

tho constitution and grain sizo characteristics of tho sand 

can bo roadlly road off this graph.
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Noithor of the abovo two curvoa aro 3 inplo in form 
and it is ooldom that 3pncimcn3 of oithor can bo adoquatoly 

dcscribod by a math m t i c a l  oxpro3 sion.

(c) Tho Cunulatlv! 1 < - L o ; ; .  Curvo

This curvo 3 similnr to tho cunulativo acmi- 

logarithnic curve ccopt that tho cumulntivo percentages aro 

plotted to a 1 ’thmlc acalo. This curvo generally ha a a 

sinplor form than oho previous two and Is uaue.lly a straight 

lino over ra\ its length. Thia hns boon round to bo

characteristic cl' most matorials that havo bocn broken down 

by natural cnuscr, and also of many cruahod and ground products. 

Continuity of tho curvc mu3t bo destroyed by any aoloctivo 

action to vhich a material nay havo boon 3ubJectod and 

deviations fro:, a straight lino aro to bo oxpoctod at both the 

upper and 1 v.or aizc limits due to errors in sampling, sixo 

measurement, otc •

The Jtraight lino portion of tho curve can be dcscribod

mathonntica.lly by:

1-JC y * n log x ♦ log a

Whore x n aize of aiovo aperturo.

y ■* corroaponding cumulative percentage by weight of 

material paa3ing the sieve.

*i and a aro constanta.

Thia lirtplies that on natural acalea tho grading can be 

uosr-ibed by: y * axn .

Anothor exproasion which takes into account the 

deviations frocr. a 3traight line at either extremity is the 

Fjyin-Hanmlcr relation which 13 extensively usod for crushed

c^al - x n

o.’oraiso X e 100 i.T't

Tho illustration ahowa two curves for typical aand3 and a 

curvo rcproaonting tho Roain-Rar..:.lcr Etllt&OA with n » 1 

and x - 0.1C * .

( i i ) THE APPARE_HT_ I :T K . ’>N OF 0.^>r>l:.0 CH,.jiOlX

A atudy of tho chan^os in the joni-logarithmic grt-ding 

curvos brought about by tho action of .Porc° ^ ^ " 6 1*ai n te2 

rovoalod five basic mochaniama of grading tor aand

sands. Thoso five modes in which the grading of a *il

may ohange hawe bocn further I1^ 3tratJ£? v t®uJloW action,

of the tost cylindors of sand after subjection to flo* action.

Grading changos appoar to havo occurred as a result of:

(a) A f«dlatrlbutlon of fine partis la a within iha maoa of tho

aand without appreciable loss of fine tho

as a wholo. Thia raaulta, gonorally, in a coaraenirvof 

rrad of ‘ho upper portion of the sample to othoi • th a 

J S J i i U o S S i ^ M S S S i S  in the percentage of fine material con- 

bv the 1 <Kur portion of the samplo. Thia action ia 

vory wo 11 llluatratovl by tho nccomparying photograph an 

corresponding grading curvo3, both of which aro ..or t *

samplo of van Hyn 3and. It v/ill bo soon tha ’'hvator^aia

failure results, in general in the formation of an hyator-Ji-

loop" on tho grad in Chart betwoon cylinder,

uppor and lower portlone of tho aand in tho y
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