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ABSTRACT

A procedure is presented to calculate an equivalent diameter for soil grains to be used to calculate
the specific surface of the soil. The typical grain size distribution curve is expressed as a normal
probability  distribution cumulative curve and the frequency corresponding to the equivalent
diameter is accordingly found. This frequency is adopted as the percent finer corresponding to the
cquivalent diameter. A relation is given for the calculation of the specific surface using the
vquivalent diameter. Grain size distribution curves of many soil samples are collected. A value for
the specific swface of each soil is determined summing the surface area of subintervals in the
distribution curve. Tne values of specific surface obtained from these gradation curves are
compared to those calculated using the proposed values of the equivalent diameter for each soil.

Fhe vesulls have shown good agreement for using the equivalent diameter that presented in this
paper to determine the specific surface for soils instead of using the usual long procedure.
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INTRODUCTION

1he cquivalent or the “effective” diameter or size is a well-known parameter in soil classification
and permeability determination. Hazen (1892), on the basis of his study of filter sands, found that
the diameter of which 10% by weight of soil grains are finer may cause the same effects as the
civen soil. Denoted as Dy, Hazen called this diameter the “effective diameter”. The main
consideration was the effect of this diameter on flow characteristics and a famous formula known as
“Hazen's formula” was presented to estimate the coefficient of permeability. Related to soil
classification, the effective diameter is used with two other diameters Dgy and Dsg to describe the
vradation behavior of the soil through the definition of the well-known coefficient of uniformity
Do/ Dy and the coefficient of curvature DF /(g *Dyg) by which a granular soil may be classitied.
Terzaghi and Peck (1948) suggested the use of Dy /D, for the coefficient of uniformity and stated
that the characteristics of fine-grained soils depend on the finest 20%. The term, Ds, /D, , is also
sugpested. by Kezdi (1980). Anyhow, the above definition of effective diameter is related to flow
charucteristics and classification of the soil and not exactly to the determination of the surface area
ol the particles,

Muny soils undergo chemical reactions on the surface of their particles. These chemical reactions
iy be dissolution, adsorption, reaction of the grains with the surrounding chemicals, decay, ctc.
Most of these reactions depend on the surface area of the soil particles as one of the parameters
controlling the rate of the process.

Ihe goal of this study is to defermine the value of the percent finer that corresponds to the
wquivalent diameter of soil grains that may be used directly to calculate, as accurately as possible,
the surlace area of the soil solids. The equivalent or the effective diameter would certainly vary
according to the gradation of the soil grains, the wider the range of particle diameters included in
the soil matrix the smaller would be the effective diameter.

DEFINITION OF THE EQUIVALENT DIAMETER AND THE SPECIFIC SURFACE

1he usual method to caleulate the specific surface of a soil is the summation of the surface area of
several sub divisions of the soil grains according to corresponding intervals on the gradation curve.
I a grain size distribution curve such as the one shown in Fig. (1) is divided into # intervals, the
specific surface of the soil, assuming spherical particles, is calculated according to the following:
I'he average surface arca of particles in an interval i of this gradation curve is

&
: S
5 v = "*)mv (h
Where £, is the average diameter in this interval, while the average volume of a particle in this
interval is

3

7l
= 7/; /)ﬂm: (2)

;u‘gﬂ’

Henee. the wtal surface area of particles of this interval will be: -
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Fig. (1). A typical gradation curve of a soil divided into n equal intervals

L = T W o . SR W
7 D pigv =
J ,'rf.-u-(’pw Diavaw
where 171w the total weight of soil particles in grams, f; and /., are the cumulative percentages by
weight of the particles finer in diameter than those at the beginning and the end of the interval i
respectively, substituted in decimals, G is the average specific gravity of soil particles and p  is

N =

(3)

the density of water = lgm/ent’. To unify the units, diameters are substituted in centimeters and the
surface areas are obtained in em®. The specific surface of the soil, in cm? per 100gm of soil, may
then be computed as: -

it ) IEivien i
S o LR L SR S
=1

W iy Dy

Ihe above formula does not take into consideration the effect of shape and roughness of particles.
In fact, the exact surface area is not the same as that found by Eq. (1), because the soil particles are
not spherical indeed. This effect is usually overcome empirically. Shape factors for surface area and
volume ol a soil particle are usually used to correct the calculations as much as possible, (see e.g.
Marsal, 1973 Harr, 1977: Lee ef al., 1983).

b this paper. as the goal is to predict an effective diameter, only the ratio of the predicted to the
calcutated specilic surface is needed. This cancels the need to use exact surface area values and
uniy spherical particles will be assumed.An equivalent diameter is defined as the diameter that may
substitute the whole soil grains for calculating the specific surface. The specific surface in cm® per
100gm of a soil may be calculated from the equivalent diameter as: -

mf).%‘., p 600

N = RN iol 5
Gp ¥, Gp,D, :

f A . 2 i 3 i . )
where S, and ¥, are the surface area in ¢cm” and the volume in ¢m respectively, of a particle

having a diameter equal to the equivalent diameter, D, in cm.
guating the specific surface from Eq. (5) and Eq. (4), the following is obtained: -

e 5 MY oty (6)
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'rom which the equivalent diameter may be obtained for a specific grain size distribution curve. It
5 obvious that the equivalent diameter represents the harmonic mean of the particle diameters
available. efl Kezdi (1974).

A PROPOSED METHOD FOR THE DETERMINATION OF THE EQUIVALENT
DIAMETER

A gradation curve may be divided into » intervals such that every logarithmic cycle could include
an integer number of intervals. If the diameters D, and D, at which f,=0 and f,=100% are
determined respectively, the total number of logarithmic cycles will be: -

N =log i), ~log D, (7)
and cach imerval will have a width of ; -
h=N/n (8)

Although o7 is chosen as an integer, the number of logarithmic cycles N is governed by the gradation
carve and may be a real number. As » is known, the “percent finer” values £, and f; for each
interval are determined from the gradation curve.

Alter selection of an average diameter for each interval, Eq. (6) niay be used to determine the
effective (the equivalent) diameter required. The selection of the average diameter of the interval
shauld be as accurate as possible to lessen the approximation error.

THE AVERAGE DIAMETER OF AN INTERVAL
A wvpieal interval of the grain size distribution curve is shown in Fig. (2). The surface area of
particles fur a slice of a width dx in the interval will be: -

. g 52
df w .o [ 107
R L Il (9)
i % 3 2
4 m-) !
T ;
3 3 | P
hS '
'S ‘
L b
-E fi=1 the curve is approximated
e ] e a straight line withm
the mterval
interval i ——o
log I}
*-) x,=log D, e o

=log D,

Fig. (2). A typical interval i of a gradation curve.
wineh may be reduced to: -

AIdf
NN e (10)
j”\ (]Iph“

I'hen, the surface area of particles in the whole interval is; -
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L. |
oW df

S t= llin ‘-f (11)
ot ol KT -

i the erval width is chosen small enough, the function of the gradation curve may be
approximuted by a straight line. Hence:

e (12)
Cfy X 3 _i
o
g .If, '.Ifﬂ._,’ -
“'] g AR (j_x' (1 .})
Xy Xy
v substituting Eqg. (13) in Eq. (11). the following is obtained: -
- _ 0 ' |
\ _ {)“. (‘;; [ ,]f‘-f) J' dx (]4} |

("V/S'i (\', A .") Xy 10"
Substituting logD for x: -

i U R f ;
= i l.,t'; ‘/{. )H - I D : (]S)
/n (x, ~x,. ;)(J)Ow L /D i

Comparing the latter equation with Eq.(3) and substituting b for (x; -x,_,), the average diameter for

the interval 7 will be: -
{ D, \

D= hin(10) E . (16)
\ .’ /]

I3

As Dy may be substltuted by 10°D, Eq. 16 may be written in a simpler form: -

al 16
o Bl (17)
t', ) - /

I is now possible to estimate the surface area of the particles of a small interva!l as: -

6 (4~ i)W 10° -1

18)
(;,OH.'DI‘ bin(10) (18)

and the specific surface may be calculated using its definition in Eq. 4 or

mjn ,f" Mg /'. ‘]‘}._[

: - e, (19)
G hm(m),z, D,

!

with 1, in centimeters and Sy in em” per 100gms. Again fand df'in all of the above equations are in
decimals,
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i KQUIVALENT DIAMETER OF THE SOIL

Che aforementioned steps were devoted to determine an average diameter for a specific interval of a
simall widith within the grain size distribution curve. Next, it 1s required to assess the value of the
percentage finer corresponding to the diameter closest to the effective equivalent diameter, the latter
being adopted to calculate the average specific surface of the soil as a whole. It is plausible to
assume Lhat the required value of the percentage finer is dependent on the number of logarithmic
Svoles delined in Eq. 7 and on the properties of the cumulative distribution of the grains.

[he cumulative distribution will be assumed following the well-known cumulative normal
prabability distribution. This enables the calculation of the cumulative function corresponding to a
certuin diameter and vise versa. The most significant range of the probability distribution will be
assumed as from p-3c to ut3c, u and o being the mean and the standard deviation of the
distribution. giving a confidence level of 99.73%. This is called the “3o rule™ advised by Duncan
(201 lU] for reliability problems in geotechnical engineering. Thus, the & cycles will correspond to
0ol the by weight distribution of the logarithms of diameters of particles. Then, it is possible to
dotermine the standard deviation of the distribution as: -

= N0
{3
i hie standard random variable of the standard normal probability distribution will be

r")u f) {
o= : --J[ (21)

ey
where @ ¢ is the mean
~ubstituting Eq.(21) in Eq.(5) and Eq. (19) and equating the latter equations as in Eq. (6), the
fellowing s obtained: -

/ 10°
s o i A (22)

it
]0 ,O"" Lt

The mean p is the logarithm of Dsg which may be easily determined. Nevertheless, its value is
cancetled out from both sides if the equation is multiplied by (10%). The variables z, and z; represent
e stundard normal variables that correspond to the effective diameter in question and the diameter
Ji the end of the interval i in the gradation curve.

[ a standard cumulative normal distribution curve is divided into n intervals within the range z=—3
-o+ 3. 7 may be easily found as; -

o

(
...Z]_/f,‘\‘ hin(10 (n fi=fo ;\
o ' m”w,f\ 10°° ) !;

Far a spcuhcd number of intervals, », and a known value of the number of cycles N, the values of
the standard deviation o and the interval width b are determined. For each interval i, the value of z,
s determined from the inverse of the cumulative standard normal distribution function as the
rundom variable corresponding to 7, ,the cumulative frequency.

Adter z. s lound, the corresponding cumulative frequency £, may be found from the cumulative
standard normal distribution function as being the percentage finer that corresponds to the required
Sltective diameter D,. The specific surface of the soil may be determined through Eq. 5 using a

nule dinmeter obtained from the gradation curve,
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to put a single equation for simple assessment of f, , several trials to solve Eq. 23 are performed
using dilferent number of intervals and logarithmic cycles. The results of these trials are given in
lable 1. Of course, the range of N for natural soils is from about one cycle for uniform soils to
about live or six cveles for widely sorted soils (very well graded). The results have shown that 200
mtervals would be enough to assess properly accurate values for f;.

lable (1). The percentage finer f, corresponding to the equivalent diameter

N
e 1 2 3 4 5 6
10 42.446 34.868 28.118 22.346 17615 13.870
20 42,774 35.480 28.937 23.281 18.584 14.810
30 42.856 35.634 29.144 23.520 18.834 15.056
R 42.879 35.077 29.24)2 23.587 18.905 | b
| 200 42.883 35.683 29211 235917 J&ILS

Fhe values for the effective percentage of finer particles for the case of 200 intervals are plotted
against the number of logarithmic cycles of the gradation curve in Fig. (3).
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Fhe plotied values in the figure are tabulated to the right of the plot in the same figure. A regression
anulysis hus been performed and a best-fit curve is found to be the following: -

Io=043N7 86N +51.12 (24)

with /o in percent. The coefficient of correlation is found to be 0.999994 . which is very high indeed,

Phe equaticn is limited to the tange Ne[0.5.6] where the trend of the relation with fe is completely
dilferent for N values lower than 0.5, while for N>6, the fitting equation should be changed (particle
diameters in natural soils yield no values out of this range practically).

it Is obvious now that for a certain soil, the equivalent diameter can be easily determined from the
erain size distribution curve of that soil. It will be the diameter corresponding to the effective
porcentage finer determined from the table or from the graph given in Fig. (3) or using Eq.(24)
directly. As the equivalent diameter is determined, the specific surface of the soil can be calculated
Hsing g {5).

Hereo it should be noticed that a proper choice for the value of the number of cycles, N, is very
ivportant as it may affect the results significantly. The grain size analysis performed in the
laboratory should yield a curve as long as possible and at least the 10% passing diameter should be
mctuded. With such a curve, the value for N will be better determined. Anyhow, a proper value for

|

v may be approximated through comparing the relative difference of logarithms of any two
281
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drameters with that of the corresponding standard random variables in the cumulative standard
normat distribution. That may be put in the following form: -

log D, ~log D
Maanmirt el 2P - (25)

e o W £
where poand g refer to two percentages of finer particles and z being the standard normal
distribution randaom variable. For example, N may be approximated using the coefficient of
tntlormity as 3.986 log(Dao/D1g).
Fhe results will be most accurate when the median of the range of logarithms of diameters is close
0 log Dsy and when the curvature of the gradation curve is close to the curvature of that of the
normal distribution curve.

COMPARISON WITH TEST RESULTS

Liam size distribution curves for 154 different soil samples have been analyzed. The particle
diznmeter values are taken in centimeters and plotted on the usual logarithmic axis against which the
percentage finer is plotted. The curves are subdivided into intervals each of width 5=0.2. The tails
ol the curves in the direction of small diameters are extended to determine an approximate value for
the £, to start calculation.

lable (2) represent these samples; the shaded cells are the extended to approximate values.

Using kq. (19), the specific surface of soil particles is obtained. Meanwhile, the number of
tegarithmic cyeles, N, for each soil is determined and the percent finer corresponding to the
cquivalent diameter is found using Eq. (24). Accordingly, the equivalent diameter is determined and
the corresponding specific surface is calculated using Eq. (5). The resulis from the latter equation
are compared with those obtained from Eq. (19) and plotted in Fig. (4).

1.E+07
- oo

: ‘ 'y
;—L 1.E+08 +
5 1.E+05 A
-
ol
Ga) 1.E+04 4
5
=
o5

1.E+03 4

1.E+02 by

TE+02 1.E+03 1.E+04 1.E+05 LE+06  1.E+07
Sy from Eg. (19), cm %100 gm
e, (4). Comparison between values of specific surface obtained from Eq. (19) and Eq. (5) for the
analyzed soils
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Table (2). Grain size distribution of the samples

i [ & \ i W ]
12 (G2 g = = pEors 2 |m iz |2 |= |2 |9 iz S N e =
T = ElElEEERlE BB R R E R E RS oy )
oy NEREDE IR E RN E RS I I ER R ER E E RN R
| F% |
T0 1521 11} 3 | 726 826 878 | 933|952 9n7 ]| one | 991 | 100
| D | 08 ] 26| 43 | 86 | 40 | 743|834 90 | 95419659869 1] ice
e | 0 1352, 11| 4 |69 86 [921]952] 9893 |
e ‘ 0 |73 6o s [s6 % | o ws| | . P
ot S o [ 17 a3 78 [ 4] s wa]ese] 100] Ly
G 1 5| 3 | 7 |10 ]2 [ | 0 |s39fons]9es2]9ge] vl 100
D | 4310339 8 | 954]978] 1o
e ] o | 3 69 [13a]478] 08| wo] 00
£ 0 |43 86 16 294 00 |
T 0 |25 [0s] 20 | 30 |48t |sa7[exr| 757 2] 781 812]888 937 100
Ee D (25 10| 20 |50a] 0 |412] 45 | 50 | 35 612|725 [825]912] 100
\ O |12 1325 5 |10 11525 | M |4 [662] 70| 80| 9|00
= 0 {8l as |62 |0 35 |3 | se|w [ m2ls|iw
i , 0 2 e 50 5 ] 25 |4 {7 | 8370825} 963] w
i | e l 0 1225 |37 73 [ 7|m7] 0 | 52 | 0 |86 [0 |98 {09!
o ' ! ¢ 25|73 15 |25 |40 (e2s] 80 [ 90| 9 [ow]
5 | i R R A
8 i | o [os ]34 ]8e 73t si7)7iaiess]9i7] % |mal oo ol
R B | B8 30| K6 | 13 208] 36 | 578 47| B4 [ 903 ] M4 ] %091 [0 i
1 3 3 |08 | 34| 86 e edr|si7lorr| o8l ! | I
R 20 ] 52 | 108269 8206 | %3] 100 - ‘
Fe T T | o |52 0ze | 60 [52]oad s 100| |
ErE. - o [ 3] |90 959 100
B M 1 | 6 | 13| 43| 108]243] 669 80 1886 52619506[969| 978 Y86 100
; T LA 0 | 26169 | 126]278| 726 43| 9L7| % | 969|982 | 986|991 160
| ! 0 |17 [ a3 ] 69 126127815171 90 | % (978 %o} 100
e 1 1 | 0 | 08 | 26 | 43 | 742 145 | 317 869] 93 100 ‘,
e 1 | o | 1734 50 [108] w | w|92] i
o ) “ ! 0 |48 | 1734|520 |35 |6l [7r3] 8 [al7 678 96| 10
| e i | 0 [ 08| 17| 34|59 [13a] 28| ess] 80 | 886] 34 95| 994 109
i ‘ 0 [ 17 54 56|95 [1sa|30r|mmels8 9431973 :
v L 0 |13 3 Ta7|ss] 13 |2e3] 95 [0
% oo 43 139] 4o {934 100 |
| 521081243 60| 80 | #8603 0561069 982981 100
b T 9 | o | 13| 34| 72 | 126|228 726|543 926)0s6] 78] g5 04]997
P } ! D | 04 13| 34| 69 |1261278]s08] 90 | 9 |96 505 \
- = 0 | 26045 8212356869052 0| | | 5
[ [0 | 13]34 8214370190 ]9 | lon] ‘ ,
e T 0 [ 24|86 2] 75 [k3e] 7] 936] 982 98|95 1 | &S
W | | O | 34| 86 63 786|875 26) 56 | 982] 993 [
a1 i O | 3 | 65| 1007] 33| Te |865]926) %5 982|993
o Lol [ 0 [ 16]34] 0 |578(826{917] % | 986 100
1 ! 3 0 [ 17153 [1s6] w0 |86 % | 10 o |
L T o [ 1734 asToales] o |oosfo73 1w =
B W | 0 [ 13|43 [na] s [saafora] o6 [onel 100 - B
el el | \ i 85 1o17]932] 973 | 86| ves
e | \ L 2 %9926 903 W3] | <
‘ ! ! o 13 17] B [9a3]o78 905 I
o el O o 17 34 3 932 | 106 =
pape 3 0|26 26 9 | 100
L Eme g 'REE i3 5 usa | 978 986 1
;7‘#7i s ‘ 0 |08 | 20|43 |69 |w0s| 69| 35 | W0 s34 |ves]9s2]vr8ls8e] 905
; } o o8 [ 2t {45 | 69 126] 30 [ 90 [oe9] w0
] o 13 [ 5 |8s]65] 70 [92e] 100
e i 0 0 {54 0sl s [0 [eeolee] s el % (086|995
WO Oohn i 0 |34 126 50 [543 72 {820 o |9s2]976] 99 | 100
N o i [0 Ta6q o Lis2] 40 [769] 809 943 ome] 100
1 _ ‘ 0 [ 26| ¢ [is2iana]sal 92 [ong[mws .
R bl 0 26| 6 [152] 63 1513 [ ] w0 l ‘
o j ; | 0 26008 [26] 7|85 o3l os [ae0lors|oae 903 |
| | 0 |13 39 o8] 30 [ 8o ] on [os2lo78)o0r| 00 , |
| , 0 |08 | 340 56| 10| 25 | 709|865 93 | 9% |97 6| ws i ;
? ‘ 2 l 0 | 08 34| 56| 126] 0 [826|%i7] 9 |w6] 100 ‘ "




ASSESSMENT OF EQUIVALENT GRAIN DIAMETER FOR SOIL
SPECIFIC SURFACE DETERMINATION |

Table (2). Continued
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The comparison has proved good agreement and the coefficient of correlation between the results of
the two equations is found to be 0.98303.The values obtained for the ratio of the specific surface
culeulated using the equivalent diameter to the specific surface calculated through summing the
mterval surface area of particles (S;e/Spr) varied from 0.44 to 1.79 with an average of 1,003, which
is very close to 1.0, The standard deviation of the ratio distribution is found to be 0.28.

Jhe effeet of gradation of soil have been studied by redrawing the relation between specific surface
cateulated using Eq. (5) and that obtained from Eq. (19) for uniformly samples after separate the
samples o uniformly samples, well graded and gap graded in Fig. (5, 6) and (7) respectively.
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g, (5). Comparison between values of specific surface obtained from Eq. (19) and Eq. (5) for the
analyzed soils for uniformly graded samples
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1 these ligures the comparison shown that the coefficient of correlation between the results of the
two equations by (0.9955, 0.95195 and 0.98613) respectively. And the values obtained for the ratio
ol the specific surface which calculated using the equivalent diameter to the specific surface
caleulated through summing the interval surface area of particles (S,/Spr), varied from (0.68 to
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L3y with an average of 0.923 for uniformly samples, and between (0.43 to 1.20) with an average
ol 0153 for well graded where its value lay between (0.57 to 1.79) with an average of 0.155 for
cap eraded
Fhis results show that Uniformly graded soils yielded better results than for well or gap graded
soils.

Fig. (8) show the relation between the ratio of the specific surface calculated using the equivalent
dimeter 1o the specific surface calculated through summing the interval surface area of particles
(SpeSep) and the coefficient of curvature (Ce which equal to (D3 /(Dg *D1g) )):

It is found that the ratio (Sp/Spr) decreases with the increase in the coetfficient of curvature (Cc).
Ratios closer to 1.0 are found for values of the coefficient of curvature in the range 1.0 to 3.0.
Considering the soil type and gradation, it is found that the results are less accurate in clayey soils
than in sandy soils.
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Fig (8). Comparison between (S,./Spy) values and coefficient of curvature (Ce ) for uniformly
samples

CONCLUSIONS

A method is proposed to determine an equivalent diameter for soil particles for the purpose of
surface arca calculations. The method is based on simulating the grain size distribution curve by the
cumudative normal distribution curve. The percent finer corresponding to the equivalent diameter is
related o the number of logarithmic cycles in the gradation curve. Analysis of 154 soil gradation
curves has shown good agreement between the surface area values cumutated from gradation curves
and those obtained [rom the proposed equivalent diameters.

ACKNOWLEDGEMENT
I'he authors wish to acknowledge the assistance of Mr. Amir B. Jaafer in collection of soil data.

REFERENCES
Duncan. J.M. (2000). Factors of Safety and Reliability in Geotechnical Engineering. Journal of
Geotechnial and Geoenvirenmental Engineering, ASCE, Vol. 126, No4, pp. 307-316.

287



e A B AL " ASSESSMENT OF EQUIVALENT GRAIN DIAMETER FOR SOIL |
bo e SR VEOTRRYHTRG Sy FNlRA0IC SPECIFIC SURFACE DETERMINATION

Flarr, ML= (1977), Mechanics of Particulate Media. McGraw-Hill Book Co., New York, 543 pp.

Hazen. A. (1892), Some Ph}/blbal Properties of Sands and Gravels with Special Reference to their

Use in Filtration. The 24" Annual Report of the State Board of Health of Massachusetts. Public
Duovdment No.34. Boston, Wright and Potter Printing Co., p. 553.

hevdin A {1974), Handbook of Soil Mechanics Vol.1: Soil Physics. Akademiai Kiado. Budapest.

2 e,
Kezdio A. (1980), Handbook of Soil Mechanics Vol.2: Soil Testing. Akademiai Kiado, Budapest,
a8

fees LR White, W.oand Ingles, 0.G. (1983), Geotechnical Engineering. Pitman, Boston, 508 pp.
Marsal. R.J. (1973), Mechanical Properties of Rockfill. In Embankment Dam Engineering,
cdited by R.C.Hirschfeld and S.J.Poulos, John-Wiley and Sons, New York, pp. 109-200.

Terzaghi, K. and Peck, R.B. (1948), Soil Mechanics in Engineering Practice. John Wiley and Sons.
New York, 566 pp.
NOTATHONS

Diw  The average diameter

Spiav I ne average surface area of a particle

Vo the average volume of a particle

S the total surface area of particles of each interval
Sp The surface area of a particle in each interval
Vi The volume of a particle in each interval

W, The weight of the whole soil in grams.

f The values in percents representing the percentage of soil grains by weight passing the
corresponding sieve size (diameter) on the gradation curve.

(3 I'he average specific gravity of the soil particles.

Pw The density of water = 1 gm/em’

S, The specific surface of the soil

Spe T'he specific surface of the particle having the equivalent diameter

Vi Fhe volume of the particle having the equivalent diameter

1. he equivalent diameter

Spi Lhe specific surface calculated through summing the interval surface area of particles
N Number of logarithmic cycles '

n Number of classes

b 1he width of each interval

I I'he % finer on the gradation curve that yields a diameter which is the equivalent diameter
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required

The standard normal distribution variable

I he standard deviation

| he mean

The constant ratio

| he ceoefticient of curvature
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