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oxtonsivo changoa of grading, but also of thoso in -vhich tho 
grading changos v/orc insignificant.  A3 in noarly ovary case, 
the changoa in void ratio duo to compression woro very small, 
this strongthons tho conviction that particlo mi^r^tion takos 
placo to some extent in all freshly placed soils when first 
subjected to tho action of percolating water.

The Pormoability-Timc graphs for five typical filtor 
sand3 aro shown in tho accompanying two illustrations:

( i )  to an enlarged timo 3calo for the initial two 
hour poriod;

( i l )  for tho ontiro 2*1 hour period of the tosts.

The breaks in tho curv«3 reprosent tho right hours during 

which no roadings weru taken.

Of tho annds con3idorod, those mirked * underwent 

oxtcn3ivo changes of grading.

It is typical of tho results obtained for ell 3ands 
* rt«tod that those sands which show the groatost and most 
;S!don variation In permeability with tin. also show r * t M >

\ n rradinr .  It was gonorally obscrvod that tho 
'^ a b il ity  of o U  aands tended initially to increase, with 

the Dorcolating water sought out weak spot a in tho 
mass of sand and widened its flow channels through those weak

3pets.

GLlOAt  mr,CUSS ION P V D  CONCLUSIONS:

None of the empirleal rel.tlon.hips^evelep.d lathis

Chapter have any direct practical elc tho flrlt tla0, tho 
interesting in that tncy desc r i . whilo *n an unstable
hydraulic behaviour of and h, ilc gradient,
condition witu changes in voia raxig, 
and Particlo Migration taking placo.

The calculations neceasar:, ^ laborious  and aa the 

contained in this chapter ° ^ ° ® aryiou;  relationships did

object was ma.nly -o s.*° '•* fontt the numbor of 3ando 
exist and to illustrate their form, 

investigated was kept to a

It haa boon shown that:
. n U v  f or tho flow of water

(I) D'Arcy's c < > o r f are* undergoing changes of grading 
through f i lter  3 ands which ar.

can bo oxprc33od a a :  ̂ I / 0 3 )

k = C [ j d .D (
■ v, 1

. ,.ho fl0» Of water through a sand 
(II) Tho goneral oquat 1 on to rading to: 
wh*.ch is undergoing chang

- ( 0 . 5 3  p )

*dk - a/da_| 

th0 Aron undor a Grading Curve and
( i i i )  The r e l a t i o n  between r* f Area is:
tho corresponding Specific -uria

- 0  e 4 7  

A ~ 90. *->
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Tho relation for the chango in Specific Surface Aroa 
of a filtor sand duo to Particlo Migrati which diroctly 
relates tho rn ing of tho 3and to its hydraulic proportios 
ir.:

(Oi - CTf )
1.26

(s-0.47 _ 3 . 0 . 4 7 ,
: .5

Whcro O' = I / '  j l£o \ ‘ '

(G-lj

All tho constants quoted havo boon calculatod from experimental 
data measured in e .g .s .  units.



CHAPTER VIII

SUMMARY AND CONCLUSION TO VHF is

( j ) Summary - Tho Tho a .13 Program.

The o'ojoct of this thoaia v/a3 to carry out aa complete 
an invootiga'wion of filtor aanda aa tho ava'.lablo time and 
f a c i l i t i o s  allowod. A special omphasia was placed on tho 
property which sono aand3 have of changing thoir grading. Tho 
onquiry has probod into both tho hydraulic ; nd grain structuro 
ch&ractoristics of filter aanda.

Tho investigation started with a consideration of tho 
offocta of percolating wator on tho grading of a filtor sand 
when operating aa a singlo layor and wont on to soo how tho 
behaviour varied whon the 3and waa uaod as one layor of a 
zoned filter . After this, changos of grading duo to physirul 
and chemical wosthoring of the aand particlo3 wore Investigated.

Thi.3 work covorod tho aspect of changoa of grading 
and structuro fairly fully and was followod by a study of tho 
hydraulic characteristics of sands undergoing changes of 
grading, tho objcct being to rolato corresponding changos in 
structural and hydraulic properties.

(ii) Conclusions - "h:\nr.ca of .Iry M j ^ Jn  Sands.

There arc a number of factors which decide whothor 
a aand will behave aa a filtor within itself or not.-

The roclorical history of the aand haa an important 
effoct aJS .anSi Shich In th.tr rccent past hav<. boon acted 
on by pcrcolatlng *at .r  are In general nost ro.iatant to

changes of grading.

Tho original grading of n sand 

the amallor tho acattcr of tho g -> 3tablo dooa the aand 
regular tho 3hapo of the Ju^ °  ^havi our of tho normal typo 
tond to bo. /or satlafactoi y ai A should not excocd 4
of graded natural 3and the Ravels the porconta^e of
to 5, *and for permeable not exceed
particles passing the No. 200 aievo

For sands of c^ P arJb\ l ^ “ 3^end rto^^m oroStab le  
sand conaiating of angular n aand compoaod of
against changoa of grading than dooa a
rounded particles.

Tho initial density of a °JnjJraa ° ^ n5iiif£rocood, 
ultimate oxtont to which chnry-- hic'h tho changoa tako placo. 
but may affect tho rapidity with wh ^  aafor agalnat
Also, a donnoly compacted W c'! _ , vory doatructlvo agent 
failuro by local piping. « ipj n, • ontlrc filtor layer, 
and can initiate a general failure 01

sand in which segregation
Carelessly placod layer.> . . .  _.,0 ^oro prone to 

lotoly homogeneous

changes of grading than are layers

3and .
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and physiol wcatherlnc * * * * *  h . ™ .

tho S a J d .^ I n  designing a filter ;,uat be^lvo .
to tho chemical proportion of tho r 11 unto an ^

n l#t S Pm « J " r i ! . S .  to ^ J o c U d  to vlole«‘ ŵ tUnro?

lNcoly*to°bro»k^o«i?>duo to differontl.l them .! expansion of 

Its constituent minerals, otc.

«v,lra„ H c  fr , r- '-  ''""table 3«nds.

P-Arcys coefficient o f pemoabliny fcr^cand  with n 

of*tho°percolatins fluid and the grading and 

A wos d o r x ' / s d  g ^

f i e  of water through 1 * « * ,  '°of tho same type for each

E l t M  dojplte v e r y  dlfCeront values of pormeabiU

Correlation, havo b o o n * - *  between thc^roa «» 

the grading curve of a ^and and itsi^P curve duo to
and ♦'ho chango in the ar ^  ^ ^ ^ g t,oen found to o 
changes In the of the sand. Promth1*
related to tho h y d r a u i i c  p r o p e r  ^  r o l a t i o n  which links 

it has boon possible to j; aurfaco aroa and hycra 
diroctly chango3 of spocn

Sands with unstable g r a d ings^havo^c^ ^ lch indicate

 
the changes 
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SPEC I.; N CALCULATIONS 70R CRUSHUR SAND 'A'

Calculationn of t.'ean.s a ml Standard Dev iatloas.

( i )  Original Sand

Particle
size L°Gio*

Percent 
of size

X f .z (*-?) <*-4)2 U-{)2f

x WK. z fc;

2.362
1.160
0.589
0^295
0.147
0.104
0*074
0.055
0.040
0.026
0.020

0.373 
0.066 

-0.231 
-0.531 
-0.033 
-0.904 
•1.132 
-1.850 
-1.389 
-1,553 
-1.699

0.0
20.0
30.4
17.6
20.0

6.7
2.4
1.4 
0.5 
0.2 
0.0

1.32 
-7.02 
-9.35 

*17.31 
-C.59 
-2.72 
-1.76 
-0.70 
-0.31

a*

0.817 
0.510 
0.213 

-0.087 
-0.389 
-0.5*10 
-0.603 
-0.716 
-0.S54 
-1.109 
-1.255

m
0.260
0.045
0.0076
0.151
0.291
0.472
0.511
0.909
1.22

m

5.20 
1.37 
0.13 
3.14 
1.95 
1.13 
0.72 
0.45 
C .24

100.0 -44.44 14.33

3 = V i z x-44 .44 ■ -0.444 x -- 0.36 MU.

I t 100.0

b *  = / ( z-?)2f = 14.33 43 0.143

I f 100.0

K  * o«378

(11) Lower '?hlrd nf TcDt Cylinder

Partlcic
size

x m

D c ^ i o *

z

Percent 
of size 

X

XV

f .z (*-§) u-!>2
0

U - f r f

2.380
1.160
0*590
0.295
0.147
0.C74

<0.074

0.376 
0.066 

-0.230 
-0.531 
-0.833 
-1.132 
-].132

c . o
14.3
27.2
10.2 
36.6

9.3
2.4

0.95
-6.26
-5.41

-30.45
-10.63
-2.72

*•
0.610
0.314
0.013

-0.209
-0.508
-0.580

0.371
o . o o a s
0.00017
0.083
0.345
0.345

tm
5.30
2.60
0 . 0 0
3.04
3.21
0.03

i e15 .06



(ill / Upper Third of Teat Cylinder

Partlclo 
size

x MM.

Log10x

z

Pcrcent 
of 3lze 

X
A

f .z U-J-i U-f>2

.......  “ 1

A> P
(z-r) f

1.651 0.210 4 ,4 0.C60 0.635 0.403 1.77
0.040 -0.076 29.3 -2 .22 0.341 0.116 3.40
0.417 -0.300 27.4 -10.42 0.037 0.0014 0.04
0.246 -0.609 19.4 -11.01 -0.192 0.037 0.72
0.149 -0.033 12.8 -10.66 -0.416 0.173 2.22
0.074 -1.132 5.2 -5 .09 -0.715 0.510 2.66

<0.074 -1.132 1.5 -1.70 -0.715 0.510 0.76

100.0 -41.74 11.57

*~
T>

>
u 

1 

£ « -41.74 = -0.417 x * 0.38

3* 100. 0

a r T/
°E * A z - f ) 2 r  = 11.57 tz 0.116 « 0.341

’ f 100.0

TESTS OF QTOTJiptrAWrr - Betweon Uppor and Lower Third3

of Test uynnaer

I \ ) Significant Differences Between the Meana

*

S i =
-0.417 §2 - -°*

544 (V?S!> * °-127

ni - 7 n2 * 7

^  2 Jzl = 0.116 = 0.0193 3zg
2 = 0.151 =* 0.0252

n^-1
6 , 6 

ng-l

For a Significant Dlfferenco ____ ______________

« 1 0 7  4 ]/ \ / ' 0  . 0193 + 0.0252 
(f  1  -f g ) lies between 0 .127  -

(^l.^g) Ilea betwoon 0.127 - k x 0.?11

Valuo of k for S lGnlflcance : k <0^127  =, 0 .6I

0.211

Level of Slgnlflcance (Student-3 Distribution, 12 p.P-> ««* 

Degroes r t  Freedom: r>i ♦ ng - 2 * I 4 * 2 = 12

(il) Dlff.roneoaJL".̂ ""n the

fifc «  = 0 . 1 5 1  ^ 2 2 = 0 . 1 1 6  v:’ = ^  = 1-30

°22

Degrees of Freedom: 7 and 7

nosult : Hot significant at 5% level.



1~2 Test for Normality of Orlrlnol Grading of 
Crusher Sand *A»

- 82 -

N <<r1 3
*-©-« (X 
<1

\z
iL±

l 
(u

) 

n
p &

i

(M

B
•

CM ■*—> 

& 
1

cu
c

0.373 2.16 0.9e3 0.017 1.7 0.0 -1.7 2.9 1.7
0,066 1.35 0.913 0.070 7.0 20.0 13.0 169.0 24 r.K

-0.231 0.564 0.715 0.198 19.8 30.4 10.6 106.0 5 .4
-0.531 -0.230 0,410 0.305 30.5 17.6 -12*9 166.0 5 .4
-0.033 -1.03 0.150 0.260 26.0 20.8 •8.2 27.0 1 .0
-0.984 -1.43 0.078 0.072 7.2 6.7 -0.5 0.25 0 .0
-1.132 -1.82 0.039 0.041 4.1 2.4 -1.7 2.9 0 .5
-1.260 -1.90 0.U31 0.008 0.8 1.4 0*6 0.36 2 .4

-1.389 -2.52 0 .0~»5 0.026 2.6 0.5 -2.1 4.4 1.7

-1.553 -2.93 0.001 0.004 0.4 0.2 -0.2 0.04 0 .1

-1.699 -3.32 0.0 0.001 0.1 0.0 -0.1 0.01 0 .1

42 .5

Prob r 2 > 42.5, with 11 d .f . )  < 0 .01

Hone© conclude that distribution is not normal#
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MiSASVIlUS OF S^A^TITR TOR SANDS TESTED 

( i ) Sand3 whic h _ fa l i e d :

Sand Doo D15 D90 D10

E .R . P •!' • Durv.p Sand 0 . •'iL 0.C94 4.5 0.46 0.076 e.i
Culllnnn Sane 1.20 0.10 6.7 1.50 0.13 11.5
Bartlott’J Sand 0.59 0.033 17.9 0.71 0.0?3 30.8
i .R.P.M.  A3h 9.5 0.06 158.2 12.0 0.027 444.0
Wit Deep Sand 4.1 0.10 41.0 4.5 0.047 95.9
Wltbank Sand 0*64 0.089 7.2 0*76 0.060 12.5
Decomposed Sand3t.one 7.5 0.083 90.4 14.0 0.041 341.0
Van Ryn Sand 2.3 0.3] 7.4 2.6 0.23 11.3
Crusher Sand ' \* 1.4 0 * 16 8.8 1.9 0.14 13.6

r 85 I<»*an 30.0 r 90
Mean 107.5

(11) Sands 'vhl -h did not Till *

>and D65 Dlb C85/ D15 P90 D10 D9ft>10

Yellow Rlvor Hand 1.1 0.36
Decomposed Granite ' »'“C 0,. •- 
Artificial Sa ;d No.l
Cruahor Sand ’3 1 1.9^ • '4
Whlta Rlvor Sind 1.00 C.14
Ore.af Relnat 3and 1.07 0.31

3.1 

23.2 
. .

1 *6 
6.4

1.4 
0.99 
° .9

0.32 
0.20  
0.079 
0.022  
C .098 
0.24

4.4
4.9

36.7 
113.6
21.4
11.7

(1) 3and3 whlsh fa Hod
(i i ) Sands which did not fa ll :

-33.5
-31.3
-20.1
120 .2

3 .0
-30.0

.
.30 .6
-29.2

1,322
V7J
'<04

14,400
9

949
.

936
053

-101.4 
•90.0  
-76.7
336.5 
-11. G 
•9S«0
233.5 
-96.2 
-93.9

10,232
9,216
5,803

113,232
135

9,025
,

9,254
0,817

<£_!
: 22,400 ; : 220,366

-13.4 179

-13.2 174

* .7 45
+33.0 1,089

-2.9 8

-10.1 102

—*

<1.5
1,597

-27 
-27.2 
+4 .6 

+ 01.5 
-10.7 
-20.4

8,700



■ Aj ^OO * 2,490 = 49.9

9

320.366 a 24,460 S]L = 156.5 

9

1.597 = 266 </2 = 16.3

6

8.700 s 1450 .,2 * 36.1

6

(iv) Tosts for Significant Plff3. Botwocn Means:

Dg5/D15

^ 1  -S'2 * 21*5

ox2 » 312 or/' s 53.1 

nx-l r^-1

' fr2" + ~ k f  * 19.1

> nx-l ng-1

j !  - fc2 1 lo3 between 21.5 - t x 19.1

No. of D .F : 6+9-2 * 13

For Significance t <_ 1.5 = 1.13

19.1

Lovol of Significance: 72/*

Toata for Significant dlffa. botweon neana:

D90/D10 

Xi  - x2 « 75.4 

Sx2 b 3060 S2g » 290 

nj-1 °2-l

(ill) Sui.ir.iary:

(a) Sandn which failed :

= Moan DQ5/D15 <= 38.0 

« Mean DS0/ d 10 = 107.5

a  2 n
crj * Varlanco for GS/Dis  a 

= Variance for ^90/ d ^q =

(b) Sando which did not fa ll :
A n
r 2 ” Moan 85/d1s 53 16.5 

x2 *  Mean D90/Di0 * 3 2 . 1  

On*" » Varlanco for D^ / D i 5 *

So2 = Varianco for *



85 -

■M

sl" + S2C e 57.9

nx-1 n2 -l

?1  " $2 1103 between 75.*l - t x 57,9 

No. of D .P . = 13

For significance t <  75.4 « 1,30

57.9

Level of ai^nificancc: 78$

(v) Satin at Ion of Means:

°8 5 /Dl5

f 1 li03 botween 38.0
'  * ( .95 , 8) x 17*7

Si lios be r;,ten 38.0 - 17.7 x 2.31

fl lioa between 33.0 - 40.9

%2 1103 between 16.5 1 t (.95, 5) * 7.4

12 Ilea betweon 1C .5 * 7.4 x 2.57

$2 lies betweon 16.5 - 19.0

Estimation of Means:

d ®°/d 10

f i lies betwoen 107,5 1 *( .95 , 8) * 55*4

<fl lioa between 107.5 - 2.31 x 5f.4

Si
lies betweon 107.5 t 128

$2 lios betwoen 32.1 • 2.57 x 17,0

j 2
lies betweon 32.1 - 43.7

With 60/S Confidence

S i
lies botweon 38.0 - 15,7 ^ l i e s  botwoon

3 2 lios botweon 16.5 - 6*8 *2 H ° 3 between

t 49.1 

- 15.6
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A P P E N D I X  N O .  2

APPENDIX TO: THE EFFECTS OF PERCOLATING WATER 
ON THE GRADINGS OF FILTER SANDS

TEST OF THE HYPOTHL IS: SARDS WHICH 
FAIL HAVE LARGER j  OF FIRES

(i) Sands which fall

Sand
!200S ievo

E .R • P.M • Dump Sand 
Cullinan Sand 
Bartlett’s Sand 
E.R .P .M . Ash 
Wit Deop Sand 
V/itbank Sand 
Decomposed Sandstone 
Van Ryn Sand 
Crusher Sand ’A *

•kl
= 11.23

9.0 
.

28.2
13.4
14*8

.

3.1
1.5

101.1

(x-x)

-1.4 
-6 .6  

+ 17.0 
+2.2 
+3.6 
+0.2 
+3.1 
-
-9.7

(x-x)

2 . 0
43.6

289.0
4.0

12.9
0.0
9.6

65.4
94.0

X = 11.23 '/(x-x)2 : 521.3

'xi
a 52 U 3  a 58.0 

9

(1 i ) Sando ..hlch do not i aj_l •

Sand

Yellow River Sand
Decomposed Granite 
Artificial Snnd No.l 
Crusher Sand ’3 ' 
White River Sand 
Oraaf Relnot Sand

0.3 
0.1 
0.9 

21.7 
4.7 
0.9

x: 36.6

(x-x)

-5.8
-6.0
+2.8 

+15.6 
-1.4 
-5.2

x = S .10

X0 - 6*1°
2 ~ 6

(x-x)2

33.6
36.0 

7.3
243.4

2.0
27.0

(x-S)2 : 349.O

SX2 = 7.65

( U i )  Tm*~ ^  r.ipinlflee.nce:

x2
5.13

I
" t

l

nx-l

~ r -i ' •

s = ,v] 7.25

n-,-1

n&

S3L-  

n2 "1

50.^

5
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•
u = (x^ - Xg ) - [*  ̂ - $ o) = 5 .13 - (S1 - 52 )

S 4.36

<tl - $ ^ ) lies botwoon 5.13 ± t x 4.33

For significance t -c 5.13 3 1.10

4.36

No. of D .F .:  nj_ + no - 2 =» 14

Level of Significance (Studont’s Distribution, 14 D .F .) :

(jv) Eotimetos of the Means (with 60/u confldcnco)

*  ̂ lios between 11.23 - (*60, 8  ̂ 2,70

i$i 1 io3 botwoon 11.23 - 2.40

«. 2 lies between 6.10 - t (60, 5) 3,42

<. 2 lies botwoon 6.10 1 3.04
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APFENDIX TO:

TESTS ON MODEL FILTERS - FIRST SERIES. 

TIME-FLOW MEASUREMENTS

- 88 -

Elapsed 
timo from 
otart of 

Tost

Hours

0.5
1.1
1.5
2 .2
3.2 
4 .2
5 .1
6.1
9.3 

22 ,2 
23. B 
2C .0 
27 .5
29.0
30.1
47.2
48.2

Pressure
drop

across
filter

Lb/i ”

Hydraulic
Gradient

22 28.5
21 27
21 27

21 27

21 27

21 27

Cl 27
21.5 28
21.5 28

21*6 28
21.5 28

22 28.5

22 28.5

22 28.5

21.5 28

21.5 28

21.5 28

Rate of 
Flow

CC/SEC

74 .1
83.5
88.9
62.4 

.
78.0
77.4
74 .0
74.1
61.9 
60.3
42.6
51.7 
55.Q 
57.6
59.9
58.9

Mean Pormeab 
ility of 
Filter

CM/SEC

2.28 x -3
x

2.71 X 0

2.68 x *1
2.67 x 0-3 j
2.58 x
2.53 x 0-3

2.50 x
2.31 x 0-3

2.32 x 0~5
1.94 x °-3

1.88 x
1.31 x 0-3

1.59 x 0-3

1.72 x 0-3

1.80  x 0-3

1.87 r 0-3

1.84 x 0*3

t w t T, ON Hpnr.'. P*ILTSRS - Sr.COMD SERIES 

TIME-FLOW MEASUREMENTS

Elapsed 
timo from 
start of 

To3t

Hours

0.11 
i;83 
2.72 
3 .80 
4.75 
6.18 

22.3 
25 .8  
29.7 
49.5 

192

Frc3aure
drop

acroaa
filter

22.5
.

Hydraulic

Gradiont

Rate of
Flow

CC/33C

Mean Permeab­

ility of 
Filter

CM/SEC



APPENDIX TO:

A STUDY OF SOME EMPIRICAL RELATIONS FOR THE 
FLOW 0? '.JATER THROUGH FILTER SANDS

(i) The Estiration of the Beat Value of an 
Obaervod Constant__________________________

The thoory which will bo briefly aurr-ariaod hero has 
boon used in this chapter to ea^irate tho values of tho 
constants r (in tho nodification of D'Arcy's Law) and n (in 
tho Gcnoral Relationship for Flow Through a Filter Sand).

Aasur.io that a statistical variably x (in this case tho 
obaorvod constant) has an observed rean x obtainod frorv tho 
results of n observations. Then it can bo shown that *.n 
unbiassed estimate of tho variance of tho n observations is:

.  r(x .x )2 

n-1

Suppose that the truo noan of the observed constant is 5 * 
thon t ■ 3C- t will have a froquency function f (t» whero

W fc -

f (t ) = _

f(t) 13 known as Studonts •» ' Distribution and tabulation." of 
t for  v ar io u s  valuos of n aro a v a i l a b l e .

I f  t is tho value  of t such that tho p ro b a b il it y :
tr

P ( !tl ^  t p ) ■ p. then :

_  . ^  + l. H't y x)£  w h a  confidence of lC0p,-» 
x w i l l  l i e  betwoen  J i tp .M n

; n (n-l)

I Whenever thin is t r u e :  p ~  - ,5  lth a confidoncc  of 100p£ .
4  w i l l  U o b o t w o o u  £  i  t p a

J J  n(n-l)

Usin g  this  r e l a t i o n s h i p  a ^ ' onb *g^u ^ l i ^ o f "  t h o ^ b s o r v e d  

c o n a t a n t ' a n d 3 it  s^llniit a c a n  b e ^ . t l n a t e d  w ith  any desired  

c o n f i d o n c c .

,11, Estimation of a Lino of 'Best Pit* by the 
Method of Lea _3t^^u a r o s-- ----- --- -----

This method of “ jlotabUs^tho linos'of boot
oorrCatod data has boon usod to os,a aradlng Curve

changes i n  Specific Surface Area.

U  and ,Y. whon°plottodPagainstroach°othor*show^up*a strong ^

: r s . : r f a S r s . t o . s r u s
same fo r  a l l  x, t h ° n  it 
f i t s  tho data  moat c l o s o i y .
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Suppoao that thia lino of boat fit has tho equation: 

y * a(x-x) ♦ b 

Then for any observation yj:

y * *» a(xj-x) + b + dĵ

Where d* roproaents the deviation of tho ob3ervod line from 
the line of boat fit. Tho line of bo3t fit is now cho3on so 
that tho scrioa of d^ values havo zero mean and minimum 
variance.

di = yi - a(xj-x) - b

T di -nb

but sinco Z.(x^-x) = 0 and if ^.d^ = 0

0 * 7 yi - r*b i • o• b » iyt

n

b = y 2

Z *i  * I^yi- y ' * a u t-x)]

d(£d12) s -2 x|yi-y) -a(xr x)| (xr x) = o 

da
for a nininum ;  dj2 i .e .  a ninimun. varianco.

i .e .  TCyi- yXx^x) - a ^ x ^x )*  * 0

a « r (y i- y)(*r*)

^(x*-x)2

Hencc tho_llno of beet fit  by tho method of least squares Is 

y = a(x^-x) + b

Whoro : a •  ^_(xj -x ) (y j ~,r )

I (X i- x )3

b = y

(iii)  Tho r ........  c° ° ff 1,:-L£llL

The correlation c o e f f i c i e n t  r la defined  as r .  S*y

SxSy

- j l Z U i - 5 ” ^ ’ 10 kno,,n 89 th° c o ' v a r i a n c o  °f *

n-1

a 1 TUj- x)2 la the variance of x 

n-1

n 1 V(y^-y)2 is tho varianco of y 

n-1

■Vhoro 3Xy 
and y

S 2 x

5 2k y



r ia a maaaure of the degree to which x and y aro lineally 
intorrelated.

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

Then r a +1 for a +vo 
r = -1 for a -vo

If r •  0, then no relationship cxi3t3 between x and y.

Tor practical obsorvud (’ata, the closer r approachoa 
unity, the better is tho correlation between tho two sets of 
data.

The equation of tne lino of bodt fit by tho mothod of 
lea3t squares can be transformed to ftivo:



K0DI?1CATI0N 0? D«ARCY'S LAW - CALCULATIONS
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~ , 3-1 a b 
Sand T+o

n

OC
Ui

li
a
to
t* -
© «s
X! - 
m
n
h
O

O o
«h SB 
v«
•*-«n 

c
(4 rt

jj .d
T i f ;

k
-1 -3

CMS EC x 10

1.051 0.0214 12.1 0.246 0.414
c
0 12.1 0.246 0.488
m 12.0 0.244 0.541
i* - 11.8 0.240 0.629
0 cn 11.4 0.232 0.764
01 11.4 0.232 C .775

z 11.2 0.228 0.776
0

0
0 0.396 0.0b 63 11.6 1.94 11.9
JJ 11.3 1.89 12 .*
C
U 11.3 1.89 12.1

£ £  
» «

0.398 11.5
11.4

1 .91
1.9C

12.1 
12.0

.
PU
•

OS

0.398
0.399

11.5 
11.7
11.6

1.91
1.95
1.93

12.7 
? .99 
9.76

0.894 0 .01M 11.7
11.5

0.898 31.5

0.898 11.4 
*1.2
11.1
11.1
11.5

0.894 11.5

1.8b 
1.82 
1.81 
1.79 
1.76
1.74
1.74 
1.61 
1.92

0.944 0.030 11.5
11.5
11.6

I .7 
11.6

0.439
0.439
0.443
0 . 4 3 1

0.446
0.443

1.101
1.107

0.0307
0.337 
0.32? 
0.329 
0.328 
0.324 
0.324 
0.322

5 .Ov 
5.97 
7.29 
7.36 
7.26 
7.24 
7.04 
6.58 
7.21

11.4
15.9
11.6
15.3
15.2
14*9

3.49
3.6'1
3.74
4.04

4.05
4.05



VALUES 0? THE CONSTANT »m» PGR TILu MODIFIED D'ARCY LAW 
FOR FLOW THROUQH S0II£ SUBJECT TO GRADING CHANGES,

viz: q * C.l.A

^ w 0 -1 j

Sand
Vnluo of 

m * m' -m ’ (m' -n')
2

Crushor Sand *A' 50.1 27.4 749

Artificial Spnd Nc.l 13.9 -0.0 77

Crusher Sand *B * 7.9 -14.8 219

E .ft.P.M. Dump Sand 19.1 -3.G 13

91.0 1058 J
m • = 91.0 «= £2.7 X *  -

105l = 353 &h '= 18 .8

4 3

B - lies between S ' * t (0o# s) x H h  80SeenfH .no .

m' Ilea between 2 2 .7  - 1.64 x lfl-S/g

m . lies betw een 22 .7  t 15.4 with BOff confidence.
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DIMSNSIONUESS RELATIONS FOR T1IE FLOW OF 
___________ WATER THHOUOIi SANDS

Calculations of: H C5 •

w ; 7t2 ■ 1+e . d .1

0-1 k21+0

3and C-l«b

!+ •

d

CM.

k

CMxlO*’5
M W *

Pci 30 
xl0‘

7V ̂  a 

b .*wdk 

>»

k2 i 

x 10‘ 6

^ 2  = 

d.l

b.k2
xlO-6

T3 1.051 0.0214 0*414 12.1 .000771 0.172 14.1 1.670
6
cd 0.488 12.1 .000909 0.238 1.206

0.541 12.0 .001015 0.292 0.984

u - 0.629 11.0 .001200 0.394 0.729
® ro 0.764 11.4 .00151 0.581 0.494
Jm
r 0.775 11.4 .00153 0.600 0.470
3
U 0.776 11.2 .00156 C .601 0,477
O

0.39G 0.0663 11.9 '1 .6

& 12.4 11.3
n 12.5 31.3
<5 12.4 11.3
o
o 12.3 11.3

a
fi

12.2 11.3
12.1 11.3

p
{V. 0.398 12 .3 11.3

12.1 11.5
•

12.0 11.4
• 12.7 11.5
t • 12.5 11.5

K• 0.399 9.69 11.7
(4 0.399 9.76 11.6

0.894 0.0141 5.35
5.97

11.7
11.5

o G .53 11.5V.
d 6.80 11.5
n 7.14 11.5
p. 7.21 11.5

I 0.898 7.21
7.29

11.5
11.5

• 7.36 11.4
• 7.26 11.2

• 7.24 11.1
<r. 7.04 11.1•

6 .65 
6.58

11.5
11.5

0.944 0.036 9.22
9.07

11.6 
11.5

11.4 11.5
< 11.6

12.4

11.5
11.5

•8 11.6 11.5
11.6 11 •

CO
11.5 11.5

u
<u 15 .3 11.3
£ 15.8 11 »v)
01
3 15.9 11.5
U
o 15.2

14.9
11.7
11.6

.0270

.0268

.0290

.0288

.0286

.0284

.0281

.0287

.0278

.0278

.0292

.0287

.0224

.0223

.00576

.00655

.00715

.00746

.00781

.00790

.00794

.00802

.00019

.00821

.00826

.00804

.00731

. 0 0 7 2 4

142
154
156
154
151
148
146
151
146
144
161
156
97.4
95.0

28.6 
35.6 
42.5 
I .1
50.9
51.9
51.9
53.0
54.0 
52 7
52.1 
49.4
44.1
43.1

14.3

14.4
14.4

.00169

.00155

.00153

.00155

.00158

.00162

.00164

.00158

.00163

.00165

.00140

.00153

.00246

.00252

14.2

14.3

.00784

.00630

.00527

.00486

.00441

.00432

.00432

.00423

.00416

.00426

.00431

.00454

.00509

.00521

.0270

.0268

.0337

.0343

.0367

.03*3
,034c
.0340
.0460
.0467
.0471
.0441
.0437

84.8
82.0

130
134
153
134
134
132
234
249
252
231
221

14.1 .00635 
.00656 
.00414 
.00401 
.00352 
.00401 
.00401 
.00408 
*00230 
.00216 
.00214 
,00233 
.00244
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