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Abstract. SEDSTAT is an interactive computer program for processing and presentation of grain size data,
The program utifizes graphic and moment methuds for the culeulation of grain size statistical parameters. The
program has a menu driven format that can be easily understood by anyone with little, or no compurer
experience. Data storage and retricval are the major features of SEDSTAT. Another important feature of the
program is the built in editor that prompts the user to enter and edit the unprocessed data of weight retained on
each sieve and the sieve mesh size in Phi units,

The program starts with receiving data from the keyboard or n disk dma file; it then calculates the weight
percentage, and curnulative weight percentage retained on each sieve. The gaussian {probability) interpolations
and extrapolations are then performed Lo obtain the requisite critical percentiles that are used to calculate Folk
and Ward graphical statistical parameters. Grouped mnument slatistical parameiers are also caloulated, Another
functicn of the program is to construce wo graphs; the first is a histogram of class weight percentage versus
size class intervat and the second is a probability plot of curnulative weight percentage versus size class
interval. Below both of these graphs the parameters of grain size statistics are printed. A hard copy of the
graphs may be ublained using a graphic printer or o sereen dumping routine.

Introduction

Grain size is a fundamental physical property of sediments and sedimentary rocks [1;2),
grain size distribution has also a great importance in understanding the mechanism of
transportation and deposition of clastic sedimentary rocks [3-9). For these reasons
studying grain size analysis is an important aspect of sedimentological research.

The size of clastic grains is measured by several methods |10, pp. 1-248]. The
choice of method to be used is controfled by the range of measured grain sizes and the
degree of induration of the sediment or sedimentary rock. The most commonly employed
methods in grain size analysis are sieving [10; 11], sedimentation [12;13], and zutomated
measurement [14]. Sieving is mainly used for unconsolidated and weakly cemented
sandstonc. A dry sample is weighed and placed in the uppermost sieve in a set of stacked
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sieves, arranged in order so the coarsest sieve is at the top with the finer ones below. The
stacked sieves are placed on a shaking machine for 1¢ to 15 minutes. Each fraction
collected in each sieve is then weighed. If more than 5% of the total sample is collected
in the pan {i.e., the fraction passed sieve with size 4 Phi}, further analysis by
sedimentation methods should be employed.

Grain size analyses of sieved material are usually presented in three graphical forms
histogram in which the different grain sizes are plotted on the horizontal axis (abscissa)
and the weight percenmtage on the vertical axis (ordinate) as shown on Fig. 1; frequency
curve in which the data is presented as a smooth curve that shows the variation of weight
percentage as a continucus function of grain size (Fig. |); and cumulative curve in which
the different grain sizes are plotted on the horizontat axis (Fig. 2). Cumulative curves
may be drawn using an arithmetic ordinate scale or a probability ordinate scale.
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Fig. 1. Hypothetical histogram and frequency curve.

Probability ordinate scale is much superior to the arithmetic scale for the interpolation of
critical percentiles [3; 15-17].

Statistical Analysis of Grain Size Data

Since most of grain size distributions approach a normal or gaussian distribution,
conventional statistical measures can be used to characterize individual distributions.

The average grain size is defined by three different measures that are the mode (the
most frequently occurring grain diameler); the median (the size for which half of the
particles by weight is coarser and the other half is finer) and the mean (the arithmetic
average of all particle sizes in the sample).
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Fig. 2. Hypothetica) cumulative curve drawn on probabillty paper,

Sorting of grain population is the measure of grain size and the magnitude of spread
or scatter of these sizes around the mean. Sorting is expressed mathematically by
standard deviation. In the other hand the normalily of grain size distribution is measured
by skewness (the symmetry of the distribution); and kurfosis {the ratio of sorting in the
tails and ccntral part of the distribution). SEDSTAT calculates grain size statistics using
the moment and graphic methods that are explained briefly below.

Moment Method

Although the moment method is the most reliable method, it has not been used
extensively until recently, because of the tedious calculativns involved. This method
utilizes conventional statistics ot characterize grain size distribution.

The computations in moment statistics involve multiplying a weight (weight
frequency in percentage) by a distance from the midpoint of each size grade to the
arhitrary origin of the abscissa. The formulae for computation of moment statistics are
summarized in Table 1 [18]

Graphic Method

This method involves the plotting of a cumulative curve for the sample and reading
the grain sizes represented by certain cumulative percentages. The cumulative curve can
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Tahble 1. Formulae for ¢computing moment measures (Source: McBride, 1971)

Mean XQ = ¥im
n

Standard deviation Y]
oy = z f(m - xo)
100
< k]
Skewness Sk¢ _ 3 f(m _ i.p)
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Kurtosis Lz f(m - %, )“
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Where = weight percent (frequency) in each grain-size grade present,

3
I

= midpeint of each grain-size grade in ¢ values
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]

total number in sample which is 100 when [ is in percent.

be plotted on arithmetic or probability paper. Many workers [3;15-17;19} advocate the
us¢ of probability paper, which makes the nurmal curves plotted as straight lines. The

critical percentiles needed 10 compute graphic statistics are read

from the cumulative

curve. These percentiles arc then used in formulae (Table 2) given by Folk and Ward [3]

o culeulate the graphic statistical parameters.

Table 2. Formulae for computing graphic measures (Source: Folk and Ward, 1957)

Graphic mean M, = EME“.*L;U*_%

Inclusive graphic standard o = 934 = s, o5 — &5

deviation 4 6.6

Inclusive graphic skewness SKy = (¢84 T g = 2¢50) (%5 +¢s - 2¢50)
2(0g4 = 016) 2{0q5 —95)

Graphic kurtosis Kg = (995 — &s5)

2.44 {04y — $25)
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Statement of the Problem

Several computer programs for calculation of grain size statistical parameters have
been written, for cxample [20-33). Most, if not all of the above mentioned programs have
some drawbacks. The method of interpolation and extrapolation employed by these
programs Lo obtain the required critical percentiles, poses serivus problem to the results
of the calculated grain size statistics,

Different methods of interpolation and extrapolation were used, such as linear,
parabolic, lagrangian, and cubic spline. Although these methods of interpolation and
extrapolation are not advocated by Folk and Ward {3], they are commeonly used in
computer programs to calculate graphic statistical parameters. Swan, et al [17]
emphasized in their study of graphic statistical parameter effectivencss. that “gaussian
(probability) interpolations between known points on a cumulative curve and
extrapolations heyond the end of the distribution are required in the calculation of
graphic parameters by computer.” They outlined a procedure for gaussian interpolations
and extrapolations.

Another serious problem with some of these programs is the omission of graphic
presentation of grain size dat, especially in the form of histograms and frequency
curves. Folk [16] stated that “by not drawing the curve one does nut get feel of the data
— he does not detect bimodality, or “shoulders” in the curves; fails to calch experimental
errors in weighing, or caused by faulty screens.” A minor disadvantage is that, some of
the ahove mentioned programs utilize only the graphic method, where others utilize only
the moment method.

The main objective of the current study is to build a micro-computer-based expert
system for processing and analyzing grain size data. The system will receive raw data in
the form of sicvc sizes and weights retained on each sieve. From the data received,
weight percent and cumulative weight percent will be calculated. Thereafter, the data witl
be presented graphically in the form of histograms and cumulative curves. The final
function of the program is the calculation of mument and graphic statistics.

SEDSTAT Advantages

SEDSTAT has an advantage over all previously wrilten computer programs in that,
it computes grain size statistics by both moment method and graphic method. The
program utilizes the Gaussian (probability) interpolations and extrapolations to obtain the
critical percentiles required for calculation of graphic statistics (Folk and Ward
parameters). Many of the earlier programs do not produce graphic cutputs (i.e.
histograms and cumulative curves). Some of the recent programs produce cumulative
curves, however, these curves arc drawn using arithmetic scale while they should be
drawn using probability scale. SEDSTAT redeems all the above mentioned
disadvantages. In addition to that some of the earlier programs generate character style
output that is sent to a printer which necessitates manual redrafting. SEDSTAT produces
high quality graphs on the monitor. These graphs can be easily turned into a hard copy
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using a graphic printer and the DOS wutility program GRAPHICS.COM or any other
screen dumping program,

General Features of SEDSTAT

SEDSTAT code was designed to.process and present grain size data obtained by
sieving method. The program has a menu driven format that can be easily understood by
anyone who has or with little computer experience. Data entry, storage and retrieval is a
major feature of the program. SEDSTAT was written to overcome the limitations of the
previously published programs. Guussian interpolation and extrapolation were used to
obtain the requisite critical percentiles following the procedure of Swan and others |17].
Grain size statistics are calculated utilizing graphic and moment methods. In addition,
grain size distribution is presented graphically in the forms of histogram and cumulative
curve plotted on a probability scalc. The high quality graphic output of the program can
he senl to a printer using a screen dumping commercial softwure such as PIZZAZPLus.
SEDSTAT was written and compiled using Microsoft QuickBASIC version 4.5 compiler.
To run the program the following hardware and software are required: an IBM PC or
compatible with at least 512 byte of memory, one disk drive (a1 least 360 K byte), a
graphics card (EGA or VGA) and al least DOS version 2.11.

SEDSTAT Operation

SEDSTAT is built up of three main routines, data entry, calculation, and plotting
{Fig. 3). Program SEDSTAT starts with displaying its main menu which offers three
options: (1) Input; {2} Read and {3} Exit. T'he first two options are described next.

Input

This option allows the user fo enter grain size data through the keyboard. The entry
of a data set consists of sample identification number, initial weight of sample, and sieve
size interval. Then the program asks the user ta check the correctness of the entries. The
user is then asked to enter the weight retaincd on each sieve. After completion of data
entry the program moves to an editor which offers a wide range of ediling commands
(Fig. 4). By using the editor the user can replace, add, insert, or delete a data set. The
edited data is then passed to the calculations routine which first converts retained weights
to percentages of the total weight, then further to cumulative weights. The sieve sizc, and
cumulative weight data arc then used to calculate grain size statistics by the graphical
method [3] and the moment method [18, pp. 109-128].

Read

Data can be also loaded intv the program from an ASCII file. The first linc
represents sample number, sample initial weight, number of sieves; each following line
of the file represents sieve size, and weight retained (Table 3). The user is asked to input
directory and file name that are containing the data. These entries are checked for errors,
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Fig. 3. Flow chart of program SEDSTAT.



188 H.S. Awad and A.M, Al-bassam

Edit Data
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Fig. 4, Editting screen showing a sample data and the edilting communds.

Table 3. A sample data file
Sample no. Initial wt. No. of steves
TFistline ~ "PKS455" - 7608 2
sieve mesh wt. retained
Second line -1 ! 2.08
Third line -0.05 ! 383
0 ' 992
0.5 ' 16.97
1 ! 19.98
035 ' 14.71
2 ! 6.01
25 ' 14
3 ! (.40
35 ' 0.20
4 ! 0.09

Thirteenth line 4.5 ! 011
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Once data is read the program moves into the editing mode, and then into the calculation
routine.

Following processing, the entered and read data are presented graphically into a
histogram and a cumnulative curve drawn on a probahility paper, then the grain size
statistics are printed. A hard copy of the output may be obtained using a graphic printer
or a screen dumping routine (Fig. 5).

Conclusions

SEDSTAT is an easy (o use menu driven program for processing and graphically
representing grain size data. The flexibility in the handling and manipulation of data and
the ability to run under DOS on IBM compatible compulters, make it a useful tool for
research and instructional application. The program performs the gaussian interpolation
and extrapolation to obtain the required percentiles for calculating graphic statistics.

SEDSTAT possesses several advantages such as its speed and the fact that it
calculated grain size statistics using the graphic methods as well as the method of
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Fig. 5. A screen dump graphic vulput sample using an IIP-Laser jet printer.
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moments. A disadvantage is that the program docs not have a built-in screen dumping
routine to send the high quality graphic output to a printer. This can be overcome by
using a commercial sofiware specially designed for this purpose.

Availabllity

An executable code copy along with a sample data file can be obtained upon request
from H.8. Awad or AM. Al-bassam in the Geology Department; College of Science;
King Saud University, Riyadh, Saudi Arabia,
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