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EABILITY-TIME CURVES FOR TESTS ON MODEL FILTERS,

. THESE CURVES SHOW HOW THE PERMEABILITY OF A LAYERED FILTL A
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PERMEABILITY~TIME CURVES FOR SANDS WITH UMSTABLE
GRADINGS.
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extenslivo changes of pgrading, but .

gradigg chan%os wore 1ns1Eniiicant?1825°§nt2:2211n which the

the ¢ &nsoithn vold ratio duo to comprossion wopy st Bt £

this strengthons the convictlion that particle miﬁrYgﬁﬂn?$°§1'
- . axos

place to some extent in all fr¢
sub jected to the action of por:gggziﬁta:::o:OIlg ke

The Permeoabllity-Time gra
gands are shown in the accompaﬁy1ﬁﬁst§§r1§i§§tﬁiﬁiﬁ;§.f‘1‘°”

(1) to an enlarged time s
hour poriodj cale for the initial two

(11) for the ontire 24 hour period of the tosts.

The breaks in the curves represent the o
which no roadings werc taken. o right houra during

0f the sands considercd, these m 2
oxtensive changes of grading. ’ arked * underwent

It is typical of tho rosults obtained for @
tested that those gands which show the groateatozndl;o::nda
sudden variation in permoablility with time also show groeatesc
ingos 1in grading. It was gonerally obscrved that the
Agbllity of all sands tended initially to increasc with
. as the percolating wator sought out weak spots in the
maa: of sand and widened its flow channels through these weak
ap.ta.

GENERAL DISCUSSION AND CONCLUSIONS:

None of the empirical relationsalps developed in this
chapter have any dircet practical siznificance. They are
tnteresting in that they doscribe for the first tine, tho
hydraulic behaviour of a filter sand while in an unstable
condition witn changod in void ratio, and hydraullc gradient,
and Particle Migration taking placoe

The calculations necoasary to produce tho curves
contained in this chapter are extromely laborious and as tho
ob ject was mainly to show that the various relationships did

exist and to {1lustrate their form, the numbor of sands
investigated was kept to a minimum.

1t has been shoWwn that!

o flow of water

~ p ability for th
(1) D'Arey's Coolficlicnt of Perme y os of grading

through filter sands which are undorgoing chang
can be oxpressed AD:
\(p-1/23)

k=C{a2&
Y

(11) The goneral oguation %O the flow of water through a sand

which is undergoing changes of grading 18:
-(0.53 + p)

Ydk = ajds,

d
(141) The relation between the Aroa under & Grading Curve an
the corrcsponding Spocific surface Area is:

& w op, BV



The relation for the cha

nge in Soreiflec Surface Arca
of a filter sand due to Particle

Migrati which directly
relates the grading of the sand to 1its hyd

raulic properties
is:

20.47  .-0.47
(84 - 8¢

Where O = L;;E{_l_:g_ 4/
q~/3 (0-1}

All the constants quoted have boen calculated from experimental
data moasurcd in c.g.8. units,

- 48
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CHAPTER VIII

SUMMARY AND CONCLUSION TO THE THESIS

(1) Summary - Tho Thesis Program.

The ob ject of this thesis was to car
an investigai.ion of filter sands as the avaiizbggtt:;ec:gsleto
facilities allowed. A special emphasis was placed on the
property which some sands have of changlng their grading. The

onquiry has probed into both the hydraulic :
characteristics of filtoer sandg. d ¢ ind grain structure

The investigat!on started with a consideration of the
effocts of porcolating wator on tho grading of a filter sand
when operating as a single layer and went on to scc how the
behaviour varliod when the sand was used as one layer of a
zoned filter. After this, changes of grading duo to physicul
and chemical weatheoring of the sand partliclos were investigated.

This work covercd the aspect of changes of grading
and structure fairly fully and was followed by a study of the
hydraulic charactoristics of sands undorgoing changes of
grading, the objcct belng to rolato corresponding changes in
structural and hydraulic proportiocs.

(11) Conelusions = Changes of Orading in Sands.

There are a number of factors which decide whother
a sand wiil behave as a filter within itself or not:i-

The geological history of the sand has an important
effoct and sands which in their recent past have been acted
on by percolating water are in genoral most resistant to

changes of grading.

tant ond
Tho original grading of a gand is also impor

the smaller tho scattor of the grading curve and tho moroe
regular tho shape of the curvobtgov?gag :f :
tond to be. #or satisfactory ¢
of graded nnt;rnl sand the ratio B95/D15 should notogtgogdog
to g. and for permeablo sands and gravels the porc . %ﬁ
particles passing the Noe 200 sieve should not oxceod ©me

able gredings and void raivios a

fragments tonda to be more stable
& sand composed of

For sands of compar
sand consisting of angular
against changes of grading thar does a
rounded particles.

t affect the

The initial donsity of a sand doos no

ultimate extont to which changoei of grading xill gr::;gdélaco.

but may affcet the rapidit{ with which the ¢ ?gseagainat

?lao, a densely compacted Pjyiﬂcoissgnsoi; Zﬁstructive agent
ailure by local piping. >

and can 1ﬁ1t1ato g gon;ral fajlure of an entire filtoer layer.

Carelosely placed layoers of sand ig :gighp:gﬁ:o%gtion
of finocs has been allowed tO tako placeo 24 le}oly B efocus
changes of grading than are layers of comp

sand.




e i,

o

The final extent to which

grogeed 18 o8 o e aradions maghitude of \he msal

radient. Provided the gradient is high enough gohigzggéict
or

he soil grains bodily, the hyd
the spoed with which the gradinzaxitgrgfadient affects only

The tests on model filter

article size ratlos botween au:c:a:?3:°§.§2§§ g:OVigOd o
aro correctly dosigned, 1t dcos not matter if the :a ilter
irg the filter layors do not bohave as filtors within :htorm-
golves. A stable internal grain structure is usualln 7
gstablished rapldly and, oncc formed, a "non-filtcr“y i

as pood & protective filtering actlion as does a sand 5h¥°:
bohaves as a filter within ltself, Tho most important tgi
to be guarded agalnst 1s fallure by internal piping. Pl 1nG
can occur rogardless of the quality ol the iltor sanda fng
the filter layers arc not strong and properly compacted.

The Terzaghi-Bertram criterla for the deslign of

filters appear to glve satisfactor results
layers of gradod sands. y when applied to

Apart from the offocts of porcolating water, chemical
and physical weoathoring may also have a destructive effoct on
the grading of a fillter sand and on the filter incorporating
the sand, In desigaing a f1ltor considoration must be iven
to tho chemical properties of the filtrate and its poss ble
doloterious effocts on the minorals composing the rgltor sand.
1f the filter 1s 1iable to be subjected to violent temperaturo
fluctuations, carc must be taken to select a sand which is not
1ikoly to break down due to differontial thormal oxpansion of
{ts constituent minerals, octc.

szrnul;c Propertics of Unstable Sands.

D'Arcys coefficiont of permoab 111ty for a cand with
unstable grading has boer shown to be a rather complox functlon
of tho viscosity of tho percolating fluid and the prading and

doensity of the sand.

A goneral relatlon was dorived wpich describes ihe
flow of water through 2 soil which 1o undergoing chnn?os of
grading and shows that the [low wai of the same typo ior each
soil testod deapite very differont valuos of pormeability.

Correlations have beon found between the aroa under
the grading curve of & sand and 1ts gpocific surfaco arcag
and the change in the area beneath the grading curve due to
changes in tho grading of ¢
rolatod to the hydraulic prope
1t has boon possible to formulat
dircotly changos of apocific surfac
Proport ien.

o aroa and hydraullc

Sands with unstable gradings have beon rgzng zgd:E::o
very sudden and marked changes in pcrmeabilitqu gno -
that thie procoss of changes of grading is uiununirorm B
sudden rapid breakdown rathor than a gradual,



8° 2091

78

1308 Jo udtey

eno1g jJo sudtem |

i

1

i

i

0°0 0°0 0*0 0°*0 0°C s*°2 g*8e¢ 9°88¢ 1° 98¢ ued |

0°0 91°0 910 g*2 g°2 L°X 8°*¥6¢ 1°96¢S $*26¢ ¥LO°O 002 |

¥90° 0~ i€°0 92°0 6°Yy 2*7 8°8%1 6°6SS 8*2LS 0°%2% L¥1°0 00T

LL° O+ BL°6 es* 86 8°0%1 0° ¢St 0*s2t 9°18% L°LLY L*°28¢ G62°0 gy !

28° 0+ 28°9T et Ll L* 692 0*8BLZ 1°6LS 0°02T1 9*8TITT S°6cy 06%°0 82 |

¥9°0+ L2°6S TL°6S 2°0%8 1° 456 ¥°CS¢ 6* 258 8° 298 y°eLy ©891°1 T |

gr°o- LS* 38 6g° 28 Legeet g*02¢l 0°861 $°¢65 L® 969 L°86y 000°2 AR

20°0+ 2L V6 yL°%6 $°81ST g*81ST 0°*8S 0°8S3S 9*8359 9°009 094°7 2

90° 0+ ce*86 5¢°86 8°SLST g* 9LST c*92 1° 259 1° 999 g*$g9 £2%°6 41Le°0 !

o

* 038 SupAeTS T SuTadls 3 JUTAIIS T Juraels < Bujadls T PUAILS Supaels T Bulaols| D * T |

forbruyoel : 0ADTS m

fugaeys -0 70 Suiuedp °*ON |

€3 enp ] u3te aASTS ©A2TS |

e qu¢oged Uuyw usyl J9UTJ uvyl Jeutd pougviay 1308 + ! ;
eor 8J9JJ10 °*3; JO *3uedJad 11°S Jo 3uBter

1eotusyoay 4dBl-04s :POU3®

*UTH S
JoxByg °A®TS

:oull SUTASIS

1] JUTARTS

Fangseuusyoy UCTIEIO]

SATVYMY ONIAZIS
FHL HO ZYDINHOIL Oi

S0 AOVHNOOV

(IAZIS dC LOEdLdE FHL

pueg JeATE JeNSNUL :POSQ PU®S

SHANND ONIQVHD 40

NOISVOLLSAANI TVOILSILVLS V 10l XIONZday

*ON X1aQuTddV¥




79

0o¢°0 =00°0 ST°0 ¥ 2600°0 S4T0°0 gg1* o g*0 1°0 rA ¢ (At 0*0 ¥40°0 002
8¥°c -8I1'0  SI°0 % 2600°0 SL20°0  63£°0 e 1 2°0 ¥°0 ¥*0 e°0 L3T*0 00T
2T = 50 62°0 + £e0°0 8g1°C s1°1 L°V 0°1 1 e°'1 0o°1 g62°0 09
0 = £°4 4 A ! W 28°0 o9%*¢e 04L*0 8°%¢ S*L $°6 g8 ¥°6 06S°0 se
§°97 = L°BE vO°% + ¥9°9 ey° el Sy ey L*6ST 1°6¢ L°VvY 8°*1v 1° %9 8911 02
G*88 - 0°18 2L°C T 6%°C Ly 91 cL*v8 6°8¢CE ¥°1e 6°96 2° g8 ¥° S8 000°2 6
1°86 = ¥°16 I2°¢ + 5 % 4 66° Sl SL* %6 0’ 6LE 8°16 ¥° 56 0° 96 g°v6 osSL*v 4
05°C0T - 00° 96 LS°E 3 90°¢< LT* ST 8S° L6 ¢ o6¢e ¥° 96 6°86 ¥° 66 9* L5 Lo Al - w1LE°0
aAIND JoUTd % SuUCI3ls Jqouts  Judiem S9A9TS
Suppedn JOI  ueSI wsma soueTJdes ~Ta9q  U®BAl £q y ordumg ¢ orduweg 2 apduweg 1 ordweg Sutuedy  JSTAL
s Lo ouowc pejewi3sy @asnbg pojsu JouT g 8A9TC *oy
ITEET 3556 J By 70 umg -138% ¢ wrg qudjey Ag asuig e3sjusdaad oAB3IS

——————————

SanqseuuByOL :UOT3IEI0]

P

puUBS JRATH TONEXNL :pes) Pueg

SGES 0 UOTIETJEA [Ban3ui JOJ SITHFT @ouUSPIJucy

QNyS ¥ 40 NOILVIHYA TVHOLYN

FI4HYS OL TI4ANVE

o)
40 105483 FHE

566 J° UOT3FUINITED




_______________________________——:1.‘
- 80 =

SPECINEN CALCULATIONS POR CRUSHLR SAND 'A!

Calculations of Means and Standard Deviations.

(1) Originel Sand

Percent
Pa:i%gle Loglox of size d 2
X {2 (2=2) (2-8) (z-f)zf

x MM. 2 £%
20362 00373 0.0 - 0081" - -
1.168 0.066 20,0 1.32 0.510 0.260 5.20
03589 «0.,231 30.4 -7.02 0.212 0,045 1.37
0.295 «0.531 17.6 0,35 =-0,087 0.0076 0.13
0,147 =0.833 20,8 17,31 -0.369 0,151 5eld
0.104 -0,904 6.7 =-0.59 «04540 0.291 1,95
0.074 wle 1352 2.4 272 =0,.,5883 0.472 113
00055 “10230 104 ‘1076 -00716 00511 0072
0.040 -1.389 05 «0,.,70 -0,954 0,909 ) 445
0.028 -]1.553 0.2 «0.31 «1.100 1.22 (.24
0,020 =1.699 0.0 - 1,286 - -

100.0 -44.44 14,33

| —
| 9 = Stz =-46,44 = -0.444 % = 0.36 lN.
-— b ———— ———————
b3y 100.0
632 e $(2-8)%r = 14,33 = 0.143
2f 100.0

& = 0.378

Z

(11) Lower Third of Teat Cylinder

Percent A A D
Particile e ’ 4 . )2 (z-€)21
size 1 O610% o :12 £ (8o3) (85
x MM 2 %
! 380 0.376 0.0 - - - -
| i;?gﬁ 0.066 143 0.95 0.610 0,371 530
i 0.590 -0.230 27.2 =6 .26 0.314 0.0985 2.68
0,295 «0.531 10.2 5.2l 0.013 0.0001%7 0.00
0,147 =0 833 36.6 «30 45 -0.289 0,083 3.04
0.074 «1.1352 Ded «10.53 -0.588 0,345 3.21
~0.,074 e]l.132 2.4 -2.72 =0.588 0.348 0.83
l =54 42 15 .06
= ):==========================;»
/ —
.S 440 = «0,54 % = 0,29 MM,
‘ f-*"fz = 540{ 0 5 4 .
2L 100.0
A2 _ 5(p.3)2fF = 16,06 = 0.151 b= 0,389
o = 2(z § f 15.06 (A



(111) Upper Third

8L

of Test Cylinder

N
§=gfz = =41.74 = =0.417

2t

100.0

8" = (2-8)°f = 11.57 =

2L

100.0

0.116 & = 0.341

TESTS OF SIGNIFICANCE - Between Upper and Lower Thirds
of Test Cyiinder

(1) Significant Differences Detween the leans
5’1 = 0,417

%
nl'l

ng =7

92 = =0.,044

For a Significant Difference

(§,-%) lles betwoen
(41-5p) lies between

Value of k for Significance

Level of Significance (Stud

Degreea ~f Freedom: nj + Ng = 2

(11) Significan

04127
0.127

s

v+

ont's Distribution, 12 D.F.) a6

(fl?)z 0.127

8,,° = 0.151 = 0.0252

R
 /EOTOS 00858
k x 0.211

(:00127 = 0.61
0.211

=14 - 2 = 128

t Differences DBetween the Variances

& .2 = 0.151

1

8,2

= 0.116

Degrees of Freedom: 7 and 7

Result

2 = 8,7 = 130
v )
6

. Not significant at 5% levels

Particle ; . igrgggt X
size 10 o
X f.2 (2-€) -6 -$)2
sl : 3 &) (2-6)% (z-9)"r
1.651 0.218 4.4 0,560 0.63
0.840  =0.076  20.3  -2.20 958 0178 S0
00417 '00380 2704 “100‘12 00037 00001‘ 0.04
0.246 «0,600 19.4 =11.81 -0.1902 0.037 0.72
0,149 =0 .853 12.8 ~10.66 -0.416 0.173 2.22
000'74 -10132 502 ‘5 089 ‘00715 00510 2.66
<00°74 ‘10132 105 '1.70 “00715 00510 0076
100.0 -41.74 11.57



- B2 =

+2 Test for Normality of Op
Crusher Sand 'A! of iginel Grading of

Uy ~ ‘; ’; ’5 N»- Oiél
N 0 - o s

S 2 3 ‘g‘ . 3 g fe

~ “«  u g
0373 2416 0.983 0,017 1.7 0.0 =17 2.9 1.7
0,066 1.35 0,913 0,070 7.0 20,0 13,0 169.0 R24.,¢
-0.,251 0,564 0,715 0,198 19.8 30.4 10,6 106.0 5.4
«0.,631 =0,230 0,410 0,305 30,5 17.6 <~12.9 166,0 5.4
) '00833 -1.03 00150 0.260 2600 20.8 -5.2 2700 1.0
'00984 '1043 00078 0.072 702 6.'7 "005 0025 0.0
-1.132 1,82 0,038 0,041 4.1 2.4 =1.7 2.9 0.5
.10260 "1090 00\.031 00008 008 1.4 006 0036 204
“1-589 “2052 000-15 0.026 2-6 005 '2 01 4.4 107
"10553 ’2093 00001 00004 0.4 002 “'002 0.04 001
'1.699 '3032 000 00001 0.1 000 '001 0.01 001
42 .5

Prob (2 > 42,5, with 11 d.f.) <<0.01

Hence conclude that distribution is not normal.
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MEASURES_OF SCATTIR FOR SANDS TESTED

(1) Sanda which “ailed:

: Sand D Die DPgs

; R ... 15 _%/p). Peo Py Dg%m_

E.R.P.M. D“m‘ Sand 0e4%l 0.09

: [ . . 4 4.5 . .

gn%imn'Sand 1.20 0,18 87 180 033 1

Gar Po:t 3 Send 0.59 0.033  17.9 0.71 0.023 30.8

GR.D M, Ash 2.5 0,06 168.2 12.0 0.027 444.0

434 :;p and 4.1 0.10 41.0 4.5 0.047 956.9

tbank Sand 0.64 0.089 7.2 0.75 0.060 12.5

Decomposed Sandstone 7.5 0,085 90.4 14.0 0,041 341.0

Van Ryn Sand 2,3 0.3 7.4 2.6 0,83  11.3

Crusher Sand 'A! 1.8 0.6 8.8 1.9 0.14  13.6
?85 wean 38,0 F Mean 10705

(41) Sands whish did not fall:

L---E!===l======:-:=====:========.=:;=:-:==-=====;=====s¥)==:======-=--====i

A!‘tu'icill Sad “001 20 Qo
Crusher Sand 'B! 1.98 O,
Yhite River Sand 1.90 ©O.

| D "
85

~and Dgs Dy /D15 DPgo  Pio Dg%m

Yellow Rivor Jand l.1 036 3.1 1.4 0432 4.4

Decomposed Granite 0.80 024 343 0,99 0420 4.9

Greaf Reinet Sand 1.97 0431 6.4

000 23,2 249 0,079 36.7

040 49.5 2.5 0,022 113.6
14 13,6 2.1 0,008 2l.4
2.8 0.24 11.7

* a8 Mean 1645 T 90 Meen 3241

(1) Sands which failed:

(14) Sands which did not fall:

D o || e o
e § 8 e |l s 8 8 &
T e T4 T8 It I I I
' ' v v ' hg “ o
it R RN R | LR S
)
«33 45 1,122 «101.4 10,282 «12 .4 170 =277 769
-31:3 .(‘7\) «96,0 9,216 =-13.% 174 -27 2 759
2041 .04 =767 5, 885 +0.7 45 +4 6 21
120.2 14,100 336,65 113,232 +33.0 1,089 +81.§ 6,642
3.0 9 -11.6 135 049 8 «10.7 114
«30.8 249 95640 9,025 =10.1 102 =20.4 415
«3046 936 =006 42 0,254 /.4 1,597 2.8 8,700
'29.2 853 '93 09 B. 817 ———
~ T1 220,366
~ 1 22,400 2 220,



(111) Swamary:

(a) Sands which failed:
$. = voan 85/Dy5 = 36,0
Xy = Mean D90/D,4 = 107.5

312 = Varlance for D05/D15 =

2,400 = 2,400 Gy = 49.9

9
2
81° = Variance for P90/Dyy = 220,366 = 24,460 S, = 156.5
9
(b) Sands which did not fail:
A
f2 = NMean DSS/D15 = 16,5
Xp = Mean D90/Dlo = 32.1
6,° = Variance for 85/Dyg = 1,507 = 266 b = 16.3
6
2 = Variance for D90/Dyq = 8,700 = 1450  Lp = 38,1
e

(iv) Tests for Significant Diffs. Between Means:

DGS/DIS
N
£ «%o = 21.5
6 =312 5° = 53,1
nl-l n2-1

ny=l ng-l
2y - 5 1les botween 21.5 = t x 10.1
Noe of Do': 6492 = 13
Por Significance t < 215 = 1415

19,1
Level of Significance: 72%
Teats for Sipnificant diffs, between means:

P90/Dy ¢

s e g

X -_ = 50
Xy = Xp 75«4

) 2
89° = 3060 8g“ = 290
nl—l 112“'1




(v)

812.+ 822 = 7.9

nj=-

1 ng-l

85

§1 - §2 11os betwoen 75.4 ¥ ¢ x 57,9
NO. of Do?o = 13

For significance t << 75.4 = 1,30
57.9

Level of significance: 785

Betimation of Means:

1

-3 |

$2

g2
52

Das/Dls

1+

lies between 383.0

14

lies bervuceen 38.0

14+

lies betwosn 38,0

lies between 16.5

o

liea betweecn 1€ .5

1+

lles between 16.5

Eetimation of Means:

fl
%]

$1

§2
€2

e
f—

DQO/DIO

lies betwoen 107.5
lies between 107.5
lies betweon 107.5

"+

lios between 32.1

'+

lies between 32.1

1+

'+

-+

Y(.05, ) X 177

1707 X 2,31

“3009

(.05, 5) X T4
7¢4 X 2.57

19.0

t(.gs' 8) x 55.4

2,31 x 55.4
128
2.7 x 17.0
43.7

With 60% Confidonce

1ies between 30,0 ¥ 16,7

lies beotween 16,56 1

Ge8

81 lies botwoen 10745

tp lics between 32.1

1+

1+

49.1
1546



- 8(:- -
APPENDTIX NO., 2

APPUNDIX TO: THE EFFECTS OF PORCOLATING WATER

ON THE GRADINGS OF FPILTER SANDS

TOST OF THE HYPOTHL. IS: SANDS |
PATL HAVE LARGER;%OO;'gggEgnICH

(1) Sands which fail:

!

%< 20051eve

| Sand g (x=%) (x=%)%
i
' E«R.P.M. Dump Sand 9.8 &
' Cullinan Sand 4.6 _é:g 42'2
i Bartlett's Sand 28.2 +17.0 289:0
|E0R-P-ho Ash 13.4 42 .2 4.0
Wit Deep Sand 14.8 +3 .6 12'9
VWitbank Sand 11.4 +0 .42 0.0
Decomposed Sandstone 1443 31 9:5
Van Ryn Sand 3.1 0.1 65 +4
| Crusher Sand 'A! 1.5 «07 94,0
L - ol
. R T ]
? 7x t 101,1 X = 11.23 h(x-x)zz 52143 |
Xy = 11.23 Sy, = 52L.3 = 58.0 Sxy = 7463
9
(11) Sands uhich do not fall:
1 Sand % 20281eve (x=x) (x-f)z
{
r— -
Yellow River Sand 005 5.8 33.6
Decomposed Granite 0e1 «6.0 36.0
Artificial Sand No.l 849 +2.8 7.8
Crusher Sand 'B' 21.7 +15.6 243 .4
White River Sand 4.7 -1l.4 02.0
graaf Reinet Sand 0.9 =542 27.0 —_1
X 56 .6 -X. = 6,10 L- (x-’i)zi 34908 !
Ko = 6410 32, = 349.8 = 5844 Sxg = 7465
6
(111) Test for Significance:
%y - Xg = 5419 Sil 5840 e 7425 §£2_'= 5854 = 11.69
e — 5
BT np-1
g .25 + 11,69 = 4:36 =5
X] ng
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—— st

U= (;1 ";(-2) - (gl 032)

5.13 - (§; -§,)

5 4436
(€7 =€) lles botweon 5.13 t t x 4.36
For significance t < 5.13 = 1.18

4436

Nos of DFe: ny + np = 2 = 14

Level of Significance (Student's Distribution, 14 DJF.): 745

(iv) Estimatos of the Means (with 0% confidecnce)
© P, b 2.
€, lies betwoon 11.20 (t.GO, g) 2470
§1 llos botweon 11.23 ¥ 2,40

1+

€2 lles between 6.10 t(ﬁo’ 5) 3,42

¢» 1i03 botween 6,10 I 3,04

-
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APPENDIX NO, 3

APPENDIX TO:
TESTS ON MODEL FILTERS - FIRST SERIES.

TIME-FLOW MEASUREMENTS

t?;apged Pressure
e from drop Hydraulic Rate of 2
start of across Gradient P low M°§?sz§r§§ab
Test filter Filtor
Hours b/ " CC/SEC CM/SEC
0.5 22 28,5 74,1 2.28 x 1070
1.1 21 27 83 5 2,71 x 1073
15 21 27 82,9 2.68 x 1070
2.2 21 " 82 .4 2,67 x 1070
3,2 21 27 82 o6 2,58 x 1079
4.2 21 27 78,0 2,53 x 1079
a1 o1 27 77 .4 2,50 x 1079
6l 21.5 28 74,0 2.31 x 10°9
9.3 21.5 28 74,1 8.32 x 10°°
22,2 21.5 28 61.9 1.94 x 10°9
23,8 21.5 28 60.3 1,88 x 10-3
2€ .0 22 2845 42 .6 1.31 x 1072
27 .5 22 2845 51.7 1,590 x 10°%
29,0 22 2845 55 .8 1,72 x 10-9
30.1 21,5 28 57 .6 1.80 x 10°9
| a7.2 21.5 28 59 49 1.87 » 10°3
| 4B8.2 21.5 28 58.9 1.84 x 1073
\

TESTS ON MODEL PILTERS - SECOND SERIES

TIME-FLOW MEASURCMENTS

e
. Blapsed Fressure &
timopfrom drop Hydraulic Rate of Me??izgrggab

start of across Gradient low P11ter
| Toat filter
| Hours /" 0C/SEC CM/SEC
-4
%0 5.77 1.68 x 10
g‘é% gg 30 4,52 1.32 x 10:2
2 .72 23 30 4,48 1.31 x 107,
3.80 20 05 29 4.62 1035 X 10.4
4.75 22 .5 29 5,04 1.62 x 1074
5.18 22 5 20 5.75 1.73 x 1073
22 43 23 45 3045 9429 2,66 x 1077
28 .0 0% .5 5045 9.16 2,65 x 1074
0047 2% o5 3045 0.2 2.68 x 1074
49.5 24 31 9432 2.23 X %8-4
192 26«5 34,5 3,84 2,24 X o
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APPENDIX TO:

A STUDY OF SOME EMPIR
U _SOME ICAL RELATIONS
FLOW_OP WATER THROUGH PILTER SANDS

(1) The Estiration
Observed Conatagg the Deat Value of an

The theory which will b
¢ briefl Al
tap et b BRSO ST e N S
r on o 'Arcy !
the Genoral Relatlonship for Flow ThroughyasFﬁqzlr‘ggng)fin

Assune that a statistic
; al variable x
:2:8§:gd°;onstgnt) has an obaserved rean X obt;i:ogh%;o:f:;othe
el n observations. Then it can be shown that ~n
saed estinate of the varlance of the n obaorvntioﬁé is:

n-1

Suppose that the true mean of the obs
: . erved constant is €
then t = %;‘3 will have a frequency function f(t) wharo'
n

fa) w0

e e

(1 + ‘2/n-1)n/2

f(t) is known as Students t¢1 Distribution and tabulations of
t for various values of n arc available.

If tp {s the value of t such that the probabllity:

P (ltl e tp) = P, thent

X will lle between g t tp}F]x-Z2L w h a confidence of 100p%ee
. n(nel)

Whenever this 1s true: ——) o
4 will lebetween X s tp“sx-z) with a confldence of 100pi-e

Al n(nel)

Using this relationship and a tabulation of values of
t for various valucs of n and p, tho best value of the observed
constant and its limita can be estirmated with any dosired

confldencoe.

({1) Ketimation of a Line of 'Best Fit' by the
Method of Least Squares

This method of fitting a straight 1line tc a group of
correlated data has been nsed to ostablish the lines of best
fit in the Specifle Surface Area = Arca Under grading Curve
corrclation and tho relation betwoon particle Migration and

changos in Specifice Surface Arca.
orreclated data

show up a strong
is roughly linear in

1f the several points of a got of ¢
(x and y), Whon plotted againat each other

ards linearlity 30 that average ¥
e h valuos about the 1ine is about tho

x and the scatter of the ¥
same for all X, then it 1s worthwhile to find that line which

fits the data most closoly.




Su
ppose that this line of best fit has tho cquation:
y = alx~x) + b

Then for any observation ¥yt
¥y = alxq=X) + b + dy

Where dy ropresents the d
eviation of the obs
thie line of best fit. The line of hest fit 2:vggw1§:gs£;a§o

that the scries
variance. o di values have zero mecan and minimun

dy = yy = alxy=x) = b
244 =73y Pp (xq=x) -nd
but since 2:(xy-X) = 0 and if 2dy = 0

0 =?y1 - o {e0e b = Z!’
n

2 s
A ) " - — 2
2% = Ty - alxg X))
a(5d;2) = -2 g{(yi-z;) ca(xg-F)} (xg%) = 0
da ;
for a minlinum :‘."'_diz {,e, & minimun variance.

1,00 Jlyg=y)(xy=X) -a""_j(xi-i)g =0
a = :(y:_'-y.) (xi—i')
S(xq-%)°

Hence the_line of best fit by the method of least squares is
y = a(xi’X.) + b

Where: 0 - ‘:f_(xi-i')(yi-‘f)

T (xq-X)"
b=y

(£11) The Correclation Coeofficicnt

The correlation coofficient r 1a def'ined as r = Sxy

SyS
- b 4
Where Sxy = ___I_Z(xi-i)(yi-y) {a known as the co-variance of X
and ¥y n-1
sz = 1 T(xi-i')z {s the varlance of X
n-1l
= e oTV2
8y = o Sih) A 7 ¥)¢ is the variance of ¥

n=1
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r 1s a measure of the degree to which x and vy are lineally
intorrelated.

If an exactly linear relationship exists such that y = ax + b:

Then r = +1 for a +veo
r = «1 for a ~vo

If r = 0, then no relastionship exists between x and y.

Tor practical observed data, the closer r approaches

unity, the better i3 the correlution between the two sets of
data.

The equation of tne line of best fit by the method of
least squaros can be transformed to givae:

L:i‘PoX"i.
y %
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MODIFICATION O D'ARCY'S LAW -~ CALCULATIONS

Sund a. - b d od k
b i %.z, CUSEC X 10
: 1.061 0.,0214 12,1 0.246 0.414
e 12.0 N.244 0.541
ggn 11.8 0.240 0.629
A 11.4 0.232 0.784
g 11.4 0.232 0.775
A 11.2 0.228 0.776
o
§ 00396 0.()()63 1106 1.94 11.9
3 11.3 1.80 12 .4
3 11.3 1.89 12.1
. & 0.298 11.5 1.01 12.1
5 11.4 1.9C 12.0
> 0.398 11.5 1.91 1247
K 0.399 11.7 1.95 .89
t‘; 11 .6 1493 0,76
0,894 0.0121 11.7 1.86 5.08
g 11.5 1.82 5 .97
g 0.898 11.5 1.81 7.29
e 0,898 11.4 1.79 7.36
28 2.2 1,76 7426
o 11.1 1.74 7424
" 11.1 1.74 7.04
@ 11.5 1.61 6458
= 0.594 11.5 1.82 7.21
g~ |
& 044 0.035 11.5 0.439 11.4
A . 11.5 0,439 15.9
11.6 0.443 11.6
® < 11.3 0.431 15.3
&° 11.7 0.446 15 .2
2 i 15 § .6 004“ 1409
L&)
L0307 12.1 04337 3,49
c - i 11.6  0.322 3.64
v e 118 0.528 3.7
P 11.8 04328 4,04
o 11.7 04324 3,93
s 117 0.324 4,05
20 1146 0.322 4,05
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VALUES O THE CONSTANT 'm! POR THL MODIPIZD D'ARCY LAW

FOR FLOW THROUGH SOILS SUBJECT TO GRADING

CHANGES ,
viz: q = C.i.A Ju.d | 1+e "l/m
Aw C-1
Crusher Sand 'A! 50.1 27 .4 749
Artificial) Sand Ne.l 13 .9 8,0 77
Crusher Sand 'B! 7.9 «14.8 216
E.R.P.M. Dump Sand 19.1 «3 .6 13
91.0 1058
M' = 91.0 « 22,7 62 = 1050 = 353  Ogr= 1848
4 3

m' lies between m' - "(80, z) X %/f;.with 80% confidence

m' 1ies between 22.7 - 1.64 x 18.8/p

m' 1les between 22,7 t 15.4 with 80% confidence.
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DIMTNS IONLESS RELAT
10NS F LI
WATER THROUGN sanps. & 0 OF

Calcu. .
‘__".!’.B.Q.M-Wl = (=1 _x' vdk

Y ; Tp = lte , Aol
” M Gel B
Sand &=1=b A k oy Ny = K® g Wy =
1+e cM. OMx107” Folsg b.¥,dk X 10-6 d
8501 x10° —¥ 4
s bl
9 1.0§ =
- 051 0.,0214 0,414 12,1 .000771 0.172 14.1 1.670
3 0,488 12.1 .000909 0.238 1.206
. ¢ 0.541 12.0 .001015 0.292 0.084
§n 0,629 11.8 .001200 0.394 0.729
g = 0.764 11.4 ,00151 0.581 0.454
> 0,775 11.4 .00153 0.600 0.476
& 0,776 11.2 .00156 C.601 0,477
0.306 0.,0663 11.9 1.6 .0270 142 14.3 00169
a 12 .4 11.3 .0288 154 00155
“ 12 .5 11.3 0290 156 ,00153
. 12.4 11.3 .0288 154 00155
) 12.3 11.3 .0286 151 .00158
g 12.2 11.3 0284 148 S00162
2 12.1 1l1l.3 .0281 146 .00164
£ 04398 12.3 11.3 .0287 151 ,00158
; 12.1 11.5 .0278 146 00163
E 12.0 1l1.4 .0278 144 00165
B 12.7 11.5 0292 161 .00148
K 12,5 11.5 0287 156 00153
5 04399 0.80 11.7 .0224 97.4 14.4 .00246
0.399 9.76 11,6 0223 95,0 14.4 00252
0.804 0,0141 5.35 11.7 00576 28.6 14.2 .00784
- 5.97 1l.5 00655 35 .6 00630
£ 6.53 11,5 .00715 42, .00527
a 6.80 11,5 00746 46.1 ,00406
& 7.14 11,5 .00781 5049 ,00441
m.21 11.5 400790 51,9 ,00432
2 0,898 m.21 11.5 400794 51,0 143 .00432
: 7.29 11,5 400802 53,0 .00423
. 7.36 1l.4 00819 54,0 ,00416
P n.26 11.2 ,00821 52 7 00426
3 m.24 11.1 00826 52,1 ,00431
. 7.04 1l.1 00804 49 .4 00454
i 6.65 1145 +00731 44.1 L00509
6.58 11,6 00724 43,1 ,00521
0,044 0,036 9,22 11.6 0270 84.8 14,1 +00635
' . 9.07 11.5 0268 82,0 ,00656
- 11,4 11.56 40337 130 ,00414
¥ 11,6 11.5 0343 134 ,00401
b 12.4 11.56 .0367 153 00352
5 11.6 11456 40343 154 00401
" 11.6 11.6 «034L 134 ,00401
’ 11.5 11.8 40340 132 .00408
© 15.3 113 40460 234 ,00230
4 1508 11.5 .0487 249 .00216
A 8.9 1.8 0471 808 00214
© 16.2 11,7 0441 231 ,oozes
14,9 11.6 20437 221 00244
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