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Foreword

ISO (the International Organization for Standardization) is a worldwide federation of national standards bodies
(ISO member bodies). The work of preparing International Standards is normally carried out through ISO
technical committees. Each member body interested in a subject for which a technical committee has been
established has the right to be represented on that committee. International organizations, governmental and
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| Electrotechnical Commission (IEC) on all matters of electrotechnical standardization.

| Standards are drafted in accordance with the rules given in the ISO/IEC Directives, Part-2.
sk of technical committees is to prepare International Standards. Draft International Stand
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| Standard requires approval by at least 75 % of the member bodies casting’a vote.
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1 was prepared by Technical Committee ISO/TC 69, Applications of statistical methods.
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Sampling of particulate materials
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Introduction

This first part of ISO 11648 gives a broad outline of the statistical aspects of sampling from bulk material.

International Standards dealing with the methods for sampling for bulk materials, such as solid fuels, iron ores,
etc., have already been published and some of these are being revised by the responsible technical
committees—Hhis—nternational-Standard pluv;dco a—sotree—of-information—fortechntealterms—and Sampling
techniques for types of bulk materials for which International Standards on sampling have! hot yet been
writlen. This International Standard may also act as a bridge for mutual understanding of tefims ahd methods
between Technical Committees.
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INTERNATIONAL STANDARD ISO 11648-1:2003(E)

Statistical aspects of sampling from bulk materials —

Part 1:
General principles

1 |Scope
Thig part of ISO 11648 establishes the general principles for the application and¢statistical treatment of the
sanpling of bulk materials. It also provides general guidance and examples. for estimatingl necessary
varignces and checking precision and bias when the average value of a quality characteristic is investigated.
Furfhermore, this part of ISO 11648 gives information relating to the statistical' analyses of serial flata, by the
use|of variograms and correlograms.
Thig part of ISO 11648 also defines the basic terms with definitions\for the sampling of bulk matefials. These
ternmps are necessary for providing a better understanding of sampling techniques as well as making it easier to
fulfil requirements.

NOTE Part 2 of ISO 11648 is applicable to particulate materials in bulk.

2 [Normative references
Thel| following referenced documents are indispensable for the application of this document| For dated
references, only the edition cited applies. For undated references, the latest edition of the|referenced
docpment (including any amendments) applies.

ISO| 565, Test sieves — Metal wire: cloth, perforated metal plate and electroformed sheet — Nominal sizes of
opehings

ISO| 3534 (all parts), Statistics — Vocabulary and symbols

ISO[5725 (all parts), Accuracy (trueness and precision) of measurement methods and results

3 |Terms; definitions, symbols and abbreviated terms

3.1| Terms and definitions

For the purposes of this document, the terms and definitions given in ISO 3534 and the following apply.
NOTE 1 The text (bulk material) shown after terms means the definition given is confined to the field of bulk sampling.
NOTE 2 For further information on definitions, see Annex A.

311

bulk material
amount of material within which component parts are not initially distinguishable on the macroscopic level

© 1SO 2003 — Al rights reserved 1
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3.1.2
sample
(bulk material) subset of a specified population made up of one or more sampling units

313
sampling
act of drawing or constituting a sample

314

simple random sampling
sampling where a sample of n sampling units is taken from a population in such a way that all combinations of
n sampling finits have the same probability of being taken

NOTE In bulk material sampling, if the sampling unit is an increment, the positioning, delimitation and extraction of
increments should ensure that all sampling units have an equal probability of being selected.

315

stratum
mutually exclusive and exhaustive sub-population considered to be more homogeneous with respect to| the
characterisfics investigated than the total population

EXAMPLES In bulk material, strata, based on time, mass and space, are typically-production periods (e.g. 15 min);
production nfasses (e.g. 100 t); holds in vessels, wagons in a train or containers.

3.1.6
stratified spampling
sampling slich that portions of the sample are drawn from the different strata and each stratum is sampled
with at leasf one sampling unit

NOTE In some cases, the portions are specified proportions determined in advance. However, in post-strafified
sampling, the specified proportions would not be known in advanee.

31.7
stratified sjmple random sampling
simple random sampling from each stratum

3.1.8
systematid sampling
sampling ag¢cording to a methodicalplan

NOTE 1 In bulk sampling, systematic sampling can be achieved by taking items at fixed distances or after [time
intervals of fjxed length. Intepvals’can, for example, be based on mass or time. In the case of mass, sampling unifs or
increments ghould be of equal'mass. With respect to time, sampling units or increments should be taken from a mr{'\_‘/ing
stream or cgnveyor, for example at uniform time intervals. In this case, the mass of each sampling unit or increfent
should be prpportional to the mass flow rate at the instant of taking the entity or increment.

NOTE 2 If the\lot is divided into strata, stratified systematic sampling can be carried out by taking increments a} the
same relative locations within each stratum.

3.1.9

sampling unit

(bulk material) one of the member parts, each with equal probability of selection in sampling, into which a
population, comprised of the total quantity of bulk material under consideration, is divided

NOTE 1 In bulk sampling, the sampling units are characterized by having an equal probability of being selected. Once
chosen, the entire sampling unit becomes a part of the whole sample.

NOTE 2  When sampling from a bulk material is performed by removing individual increments, the sampling unit is the
primary increment.

2 © ISO 2003 — Al rights reserved
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3.1.10
precision
closeness of agreement between independent test results obtained under stipulated conditions

NOTE 1 Precision depends only on the distribution of random errors and does not relate to the true value or the
specified value.

NOTE 2  The measure of precision is usually expressed in terms of imprecision and computed as a standard deviation
of test results. Less precision is reflected by a larger standard deviation.

NOTE 3

Quantitative measures of precision depend critically on the stipulated conditions. Repeatability and
reprpducibili iti i e-sets-ofexire ipulated-conditions

diffgrence between the expectation of a test result and an accepted reference value

NOTE 1 Bias is the total systematic error as contrasted to random error. There may belone or more sydtematic error
components contributing to the bias. A larger systematic difference from the accepted reference value is reflected by a
largégr bias value.

NOTE 2 The bias of a measurement instrument is normally estimated by averaging the error of indicgtion over an
appfopriate number of repeated measurements. The error of indication is the

“indication of a measuring instrument less the true value of the corresponding input quantity”.

31112
lot
(bulk material) definite part of a population, comprised of the total quantity of bulk maferial under
congideration, and where this part is considered as a quantity of material for which specific charagteristics are
to be determined

NOTE Commerce in bulk material often encompasses transactions involving single lots, and, in these ¢ases, the lot
becomes the population.

3.1/13
sub-lot
(bulk material) definite part of a(lof*of bulk material

31114
inctement
(bulk material) quantity’of bulk material taken in one action by a sampling device

NOTE 1 The peositioning, delimitation and extraction of the increment should ensure that all parts of the bylk material in
the Ipt have an egual probability of being selected.

NOTE 2< (Sampling is often carried out in progressive mechanical stages, in which case it is necessary {o distinguish
betweén, a primary increment which is extracted from the lot at the first sampling stage, and a secondary incfement which
is extractec-fromtheprimaryneremen

3.1.15
composite sample
(bulk material) aggregation of two or more increments taken from a lot

3.1.16

gross sample

(bulk material) aggregation of all the increments taken from a sub-lot or lot by the procedures of routine
sampling

© 1SO 2003 — Al rights reserved 3
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3.1.17

test sample
(bulk material) sample, as prepared for testing or analysis, the whole quantity or a part of it being used for
testing or analysis at one time

NOTE The term can be used in such ways as “test sample for chemical analysis”, “test sample for moisture
determination”, “test sample for particle size determination” and “test sample for physical testing”.

3.1.18

test portion

(bulk material) part of a test sample which is used for analysis or testing at one time

3.1.19

multi-stage sampling

(bulk maten
sampled frg

3.1.20
routine sar

(bulk matetialy sampling for commercial purposes carried out by the stipulated procedures in the sp¢

Internationg
NOTE )

3.1.21
experimen

(bulk matefial) non-routine sampling where special purpose experimental design is applied to investi

sources of

3.1.22

interpenetr
(bulk maten
primary inc
C;,...)in org

NOTE1 1

NOTE2 N
being constit

3.1.23
replicate

s
(bulk mater:EaI) sampling‘where increments are taken simultaneously or consecutively in pairs, in ords

constitute

3.1.24

aly sampling in which the sample is selected by stages, the sampling units at each 'stage b
m the larger sampling units chosen at the previous stage

npling

| Standard in order to determine the average quality of the lot

[he term “regular sampling” is sometimes used as an alternative to “routine sampling”.

al sampling

ariance and/or sampling bias
ating sampling

aly replicate sampling from several lots er-sub-lots, where for each lot i or sub-lot i, consect

ements are diverted in rotation into different containers to give multiple composite samples (4
er to investigate the variance betweenthe increments in the lot or the sub-lot

[he term “interleaved sampling” is sometimes used as an alternative to “interpenetrating sampling”.

Lited for each lot i or sub-10t i.

mpling

ultiple camposite samples

duplicate

ampling
replicate sampling wWhere increments are taken simultaneously or consecutively i pair

(bulk materia

flost interpenetrating sampling plans use a duplicate sampling method with composite sample pairs (4},

eing

cific

pate

order to constitute two composite samples

NOTE

3.1.25

Duplicate sampling is a special case of replicate sampling.

manual sampling
(bulk material) collection of increments by human effort

3.1.26

mechanical sampling
(bulk material) collection of increments by mechanical means

S in
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3.1.27
cut

(bulk material) single traverse in mechanical sampling of the sample cutter in mechanical sampling through
the stream

3.1.28
sample preparation
(bulk material) set of material operations necessary to transform a sample into a test sample

EXAMPLE Reduction of sizes, mixing and dividing.

NOTE For particulate materials, the complefion of each operation of sample division defines the comnjencement of
the pext sample preparation stage. Thus the number of stages in sample preparation is equal to the numbgr of divisions

material) process in sample preparation whereby the particle size is redueed by crushing,| grinding or

material) process in sample preparation whereby a sample ef a bulk material is divided into separate
, one or more of which is retained

MPLE Riffling, mechanical division, or quartering.

3.1.81
fixed ratio division

(bulk material) sample division in which the retained’parts from individual samples are a constant groportion of
the priginal

3.1.B2

fixed mass division
(bulk material) sample division in which-the retained divided parts are of almost uniform mass, irrgspective of
varigtions in mass of the samples being divided

3.1.33

sample drying
(bulk material) process.in“sample preparation of partial drying of the sample to bring its moisture qontent near
to allevel which will net)bias the results of further testing or sample preparation

3.1.p4

routine sample'preparation
(bulk material) sample preparation carried out by the stipulated procedures in the specific Ihternational
Stamdard in order to determine the average quality of the lot

3.1.35
non-routine sample preparation
(bulk material) sample preparation carried out for experimental sampling

3.1.36

nominal top size

(bulk material) particle size expressed by the aperture dimension of the test sieve (from a square hole sieve
series complying with ISO 565) on which no more than 5 % of the sample is retained

© 1SO 2003 — Al rights reserved 5
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3.1.37

nominal bottom size
(bulk material) particle size expressed by the aperture dimension of the test sieve (from a square hole sieve
series complying with ISO 565) through which no more than 5 % of the sample passes

3.1.38

quality variation
(bulk materialy standard deviation of the quality characteristics determined either by estimating the variance
between interpenetrating samples taken from the lot or sub-lot, or by estimating the variance from a
variographic analysis of the differences between individual increments separated by various lagged intervals

3.1.39
sampling pg

(bulk matetfial) operational requirements and/or instructions relating to taking increments and canstitutir

sample

3.1.40
sample pre
(bulk mater

3.1.41
sampling p
(bulk mater
the entities

EXAMPLE

combination
increments
samples per

3.1.42

sampling §cheme

(bulk mater
NOTE F

3.1.43

sampling gystem

(bulk mate
preparation

3.2 Sym

A list of sy
meanings 3
subscripts V

rocedure

paration procedure
al) operational requirements and/or instructions relating to methods and criteria for sample divi

lan
al) specification of the type of sampling to be used combined with the operational specificatio
or increments to be taken, the samples to be constituted and-the’'measurements to be made

The plan can specify, for example, that the samplingis 'to be systematic and in two stage
with the specification of the type of sampling, the plan, in,this example, also can specify the numb
p be taken from a lot, the number of composite samples (or gross samples) per lot, the number of]
composite sample and the number of measurements pér test sample.

al) combination of sampling plans with-purposes for sampling

Purposes for sampling include routine sampling, estimating precision, and investigation of quality variation

ial) operational mechanism and/or mechanical installation for taking increments and sar

bols and abbreviated terms

mbols used in this part of ISO 11648 is presented in Table 1 with short descriptions of syr
nd references to the subclauses where the symbols are first mentioned. Table 2 gives a lis
vith"their meanings that are used in this part of ISO 11648.

ga

sion

n of

5. In
br of
test

nple

nbol
5t of
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Table 1 — Symbols

ISO 11648-1:2003(E)

Symbol Meaning Units mE:tsi:)n
A; composite sample of odd increments for the i-th part in interpenetrating sampling — 7.3
Ay parameter of significant difference between two means — 10
B, composite sample of even increments for the i-th part in interpenetrating sampling — 7.3

parameter for calculation of limits of confidence interval of variance component — B.5
by intercept by linear regression — C5
by gradient (i.e. slope) of linear regression — C5
d nominal top size of particles mm 5
d, difference between system average and reference average in the same set — 10
d, factor to estimate standard deviation from the range of normally distributed paired — 7.3

data
d average difference between system measurements and reference measurements — 10
F(7) expected variance — B.5
F, observed F — 10
F /b (v4,v,) | @/2-quantile of the F-distribution with v,, v, degrees of freedom — 10
g; difference between x;; and x, — 10
h; difference between y,; and y,, — 10
i index designating the number of an increment,orsub-lot depending on context — 7.3
k number of increments defining the lag of a \iariogram or correlogram value, or — 7.4
number of sets of increments — 8
Nite number of items in a population — 5
NVaub total number of possible incréments in a sub-lot — 5
n number of increments — 6
Mite, number of items ina 'sample — 5
oy number of measurements of a test sample — 6
ng number of.ebservations in treatment 4, — B.5
< b numberofincrements taken from each sub-lot — 5
P proddction rate of molten iron t/tap C3
P number of lots — 7.2
R range of paired measurements — 7.3
R average of the Tanges k; — 7.3
_1 average of the ranges between duplicate measurements — B.4.3
Ez average of the ranges between means of measurements in the test samples — B.4.3
§3 average of the ranges between means of measurements in the composite — B.4.3
samples
Texp value of experimental correlogram — 7.4
S sum of squares — C.7.2
séw variance between items — 5
53 variance of d; — 10

© 1SO 2003 — Al rights reserved
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Table 1 (continued)

Symbol Meaning Units mE::ts;:)n
sez error variance — 10
T, T, confidence limits — 10
t lag value for calculating the variogram or correlogram either on a time or mass min (time), 7.4
basis t (mass)
’(1705)/2(") (1-a)/2-quantile of #-variable with v degrees of freedom — 10
UgL upper control limit — D.4
u unloaded ratio — C.5
Upot number of sub-lots in the lot — 6
Va variance with v, degrees of freedom + B.5
Va variance corresponding to the amplitude of cyclic variation - C.3
Vs variance of cyclic variation — C.3
Ve variance with v degrees of freedom — B.5
Vexp value of experimental variogram — 7.4
v, variance of random variation — C3
W percentage by mass of aluminium content % by mass C.7
Weg percentage by mass of total iron content % by mass C.7
Wi percentage by mass of moisture content % by mass C5
Weg percentage by mass of size fraction % by mass C.6
wg; percentage by mass of silicon content % by mass C.3
Wy percentage by mass of sulfur content % by mass C.3
X; value of quality characteristic for incrément i — 7.4
X one of the duplicate measuremenits obtained by a system method — 10
X one of the duplicate measurements obtained by a system method — 10
X grand average of x,; andxy, — 10
Vi1 one of the duplicate.measurements obtained by a reference method — 10
Yio one of the duplicate measurements obtained by a reference method — 10
? grand average-of y,; and y,, — 10
a level ofisignificance of a test — 10
) maximum tolerable bias — 10
U poputatiorrmean — €72
v number of degrees of freedom — 10
Pcob parameter of water quality (chemical oxygen demand) mg/| of E.7
oxygen
ok variance component between treatments 4, — B.5
aéc variance component between composite samples — C.7
aéL variance component between lots — 7.2
O'ép variance component between parts — C.7
aéT variance component between trains — Annex A

8 © ISO 2003 — Al rights reserved
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Table 1 (continued)

Symbol Meaning Units F|rs_t
mention
aé\, variance component between vessels — C.7
aEZ;W variance component between wagons — Annex A
aé expected variance of estimate — 5
a,\2,| variance component between the measurements obtained on a test sample — 6
a% variance component between the test samples prepared from a gross sample — 6
aé variance component of sampling — 7.2
crtz total variance — C.3
cr\%” variance component within lot — 8
5\,2VS| variance component within sub-lot — 8
T%st variance component between the increments within stratum in the cases of — 6
stratified sampling and systematic sampling, and the variance component-between
the increments within the valid primary sampling unit in the case of two-stage
sampling
6%\ estimate of variance component of a%\ — B.5
&EZ;C estimate of variance component of aéo — C.7
a‘éL estimate of variance component of aéL — B.5
&ép estimate of variance component of O'ép — C.7
&é\, estimate of variance component of aév — C.7
CE estimate of standard deviation of o — D.5
c%é estimate of variance of cré — D.5
c%,\zﬂ estimate of variance component of cr,\ZA — B.4.3
6% estimate of variance component of aé — B.4.3
c%é estimate of variance component of aé — B.4.3
5 wst estimated standard-deviation within-stratum o ¢ — 7.3
53\,St estimate of variancé component of szvst — 7.3
a a . TR — B.5
11l vi= ~ |-quantile of the y2-distribution with v degrees of freedom
2 2

© 1SO 2003 — Al rights reserved 9
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Table 2 — Subscripts

Subscript Meaning
Al aluminium
a amplitude
BC between composite samples
BIT between items
BL between lots
BP between parts
BT between trains
BV between vessels
BW between wagons
COD chemical oxygen demand
c cyclic
d difference
E expectation
e error
exp experimental
Fe iron
ite item
i index designating the number-of an increment or sub-lot depending on context
L lower
lot lot
M measurement
m moisture
mi molten iron
observed
P preparation
r random
S sampling
sf size fraction
Si silicon
S SeHfuF
sub sub-lot
t total
U upper
wi within lot
ws within sample
wsl within sub-lot
wst within stratum

10
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4 Purpose and application of statistics in sampling from bulk material

To estimate the amount, or a property or properties of the bulk material, samples are taken from many types
of bulk material for various purposes. They may be taken from a continuous stream of material, an individual
lot or a sequence of lots. A standard is necessary because of the occurrence of numerous sources of variation
within the bulk, due to sampling procedures, as a result of measurement errors and due to the preparation of
composite samples.

International Standards for sampling bulk material, for example coal, iron ore and crude petroleum, have been
published already and are being revised in the respective Technical committees dealing with those materials.
These standards have been used for transactions in order to contribute to the facilitation and promotion of
world trade in these materials. However, there is non-uniformity in the use of technical terms| and in the
application of statistical methods in these standards, especially between standards drafted” py different
Technical committees.

d definitions
nical terms
andards for

Accprdingly, one of the purposes of this part of ISO 11648 is to provide a set of technical terms an
necgssary for sampling from bulk materials in order to give a basis for greater unifermity of tech
and| definitions in future versions of the above-published International Standards,and in new st
other commodities.

Anather purpose of this part of ISO 11648 is to give guidance on the application of statistical miethods. For

example, different methods of bias testing are specified in the above International Standards and
themn may not be able to judge which is better. This part of ISO 11648 attempts to provide an altg
method for bias. The mathematical model for the aforementioned test methods cannot be
implemented with the majority of mechanical sampling systems.in existence today. Where the test
be implemented it does not accurately simulate normal physical operating conditions unless th
em is designed to operate that way during normal operations. The proposed test method is 4

igBnces by means of duplicate measurements of, each member of paired data. This provi

Furthermore, it has been suggested recently*“that serial data analysis, such as the variogram met
be
sev
tech

bral applications of serial data analysis to the various kinds of data rather than a standard, &
nique is still in the development stage.

Thel main purpose of sampling from a commodity of bulk material is for the commerce and trad
fromp a commodity is classified) into two different procedural types; one is sampling of bulk mate
accyrate estimation of an(avéerage value of the quality characteristic assessed in the lot and the
insgection procedure {fof) bulk materials for making a decision concerning lot acceptance. |
Stapdards for the first type of procedure are applicable to the sampling of coal, iron ore
commodities, as_is1SO 11648 (all parts). This part is the general introduction of ISO 11648. An |
Stapdard for thessecond type is ISO 10725.

Sampling.of.bulk materials can be classified into two categories depending on the field of applica
san|pling from a commodity as described above and the other is sampling in a plant. The purpose
in g plant is to control the production process and to assure the quality of products for users,

he users of
rnative test

physically
method can
e sampling
n extension

ne usual bias test method involving paired data. \The test method introduces direct estimation of error

Hes greater

imulation of knowledge about error variances:than any of the methods ever proposed for bias testing.

hod, should

ncorporated into sampling plans for bulk materials. This part of ISO 11648 gives information through

ecause the

e. Sampling
rials for the
other is an
hternational
and other
nternational

tion; one is
of sampling
using data

obtained by measurements on the test sample. For example, in operations of a basic oxygen steel-making
furnace, samples are taken from the molten steel in order to control mainly the production processes and the
results are used to assure that the chemical composition meets the requirements for the product being made.
Therefore, methods of sampling in a plant should be managed by the plant itself, but should follow correct
sampling procedures as described in the various parts of ISO 11648.

5 Particular problems for sampling bulk materials

When a lot consists of hundreds of bulbs or bolts, random selection of bulbs or bolts gives a representative
sample of the lot. In the case of sampling bulk materials, increments are taken from a lot instead of individual
bulbs or bolts. In bulk sampling, it is essential to determine the minimum mass of increment.
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An example of a sequence of sampling plan decisions involving bulk materials packed in 50 kg sacks (e.g.
flour or cement) is:

select the sacks to sample;

determine the mass of increment;

(i.e. avoiding bias due to stratified layers of product with different properties in the sack);

perform the necessary sample preparation and tests.

In selecting
dropping th
of the sam

However, ir
and the cor
could be to

In practice,

particulate materials, the minimum mass of increment for manual sampling.is based on the implementatio
ons (3 x 3 x 3) d, where d is the nominal top size, expressed invmillimetres, of the particles in g

the dimens
The manua

In sampling
three times
through the
the samplin
and deposif
a method p

The minimd
a moving
maximum g
by a cutter-
collect the i
cut the bulk]

In sampling

characteristic assessed inithe lot is expressed by the following equation:

mro

b larger particles in the lot, while too large a device could result in excessive loads forpreparg
ble. Accordingly, the dimension of the sampling device should be determined by ascompror
between thése upper and lower device sizes.

b small to handle easily.

a sampling device, the points to consider are that too small a device could introduce\bia

the sampling of powder materials, consideration should also be given to the effect of environn

take the increments from the sacks selected with a sampling device that will give a representative sample

5 by
tion
hise

hent

venience of handling increments, since the mass of increment calculated-using the formula bglow

both manual methods and mechanical methods are usually apglied. In the case of samy

increment mass is based on an assumption of random sampling of an increment from a lot.

from a stopped belt, place a suitably profiled sampling’frame, with minimum internal dimensior
the nominal top size of the lot or 30 mm, whichever.is the larger, on the stationary belt and ins
material so that it is in close contact with the belt*across its full width. Remove the material w|
g frame, ensuring that all particles in this area.afe included in the increment by sweeping the
each increment into a suitable container. Stopped-belt sampling, although not always practic3
referred to other sampling procedures wjth-which it is compared.

m mass of an increment, taken by a cutter-type sampler from the material at the discharge en
stream, is determined by the minimum cutter aperture and the maximum cutter speed.

ling
n of
lot.

s of
prt it
thin
belt,
I, is

d of
The

utter speed is restricted to aveid bias due to deflection of the larger particles. The increment mass

ype sampler is usually 10.to 50 times the increment mass by manual sampling. Cross-belt cu
hcrement from the material’'stream while it is being conveyed on a conveyor belt. The cutter sh
material stream in a-plane normal to the surface of the conveyor.

from discrete material, the expected variance of the estimate of the average value of the qu

2
Sws

Nite

1 _ Nite J
Nite

ters
buld

ality

(1)

where

Nite

Nite

2
Sws

12

is the number of items in a population;

is the number of items in a sample;

is the variance between items within a sample calculated from the quality characteristic assessed.
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In Equation (1), (1 — ny/Nye) is called the “finite population correction”. If the value of n/Ny, is less than 1/10,
then the correction can be omitted. In sampling from bulk material, the value corresponding to 7;/Nie, i.€.
ngup/Nsub» 18 1€8s than 1/10 in most cases and the finite population correction can be omitted, where ng, is the
number of increments taken from a sub-lot and Ng, is the total number of possible increments in a sub-lot.
This inference is applicable not only to the sampling stage (taking increments) but also to the sample
preparation stage (extraction of test sample from a gross sample) and to the analysis stage (taking test portion
from a test sample). It is also applicable to liquids and gases. The finite population correction has to be
applied to sampling wagons from a train, drums from a truck, etc. in sampling from bulk materials.

The quality characteristics which are to be inspected are usually specified in the transactions. In general,
moisture content is determined in order to calculate the dried mass of a lot from the measured wet mass of the

lot.

In o
be |
dist
sho

The
a)
b)
c)

Ead

If n
san
are
cha

wheg

alanced for the wet mass of the lot, the moisture content and the representative composition.
ibution and other physical and chemical properties are sometimes determined. Sampling
Lld be established to satisfy all the requirements of each quality characteristic separately.

Differences between particulates, liquids and gases

process of sampling of particulate materials is usually divided into three stages:
the process of taking increments,

the process of sample preparation, and

the process of measurement.

h process has its own variance component:

the sampling variance component caused during increment sampling,

the sample preparation variance component created during test sample preparation, and

(analytical method) used.

increments are taken using mass-basis systematic sampling from a lot of particulate materi
ple is composed of n increments, a test sample is prepared from the gross sample and n,, me
obtained on the test sample, then the variance of estimate of the average value of
racteristic assessed, aé , in the lot can be approximated by Equation (2):

mmmmmmmmvmr analysed.
rder to calculate the net mass of the representative component, it is important that the weighing precision

Particle size
procedures

the measurement variance component characterizing the precision of the measuremgnt method

bls, a gross
asurements
the quality

()

Gwst 15 (e variance component between Increments Within strata INCIuding each mcrement
aé is the variance component between test samples prepared from the gross sample;

o-,\2,| is the variance component between measurements obtained on the test sample;

n is the number of increments taken from the lot;

) is the number of measurements on the test sample.

NOTE The theory of systematic sampling is given in references [1] and [2] of the Bibliography.
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If aé is required to be less than a limiting value, the second term in Equation (2), aé , will remain unchanged,
whereas the first and the third terms can be reduced by selection of an appropriate combination of number of
increments, n, and number of measurements, ny,.

When the variance component between the test samples, 0F2> , represents the major part of aé in
Equation (2) and aé is required to be less than a limiting value, then a sufficient reduction in aé may not be
possible by increasing n and ny,. In particular, improvement of the variance component between test samples
(variance component of sample preparation) is hard to achieve in the preparation process of particulate
materials, due to its nature. The only solution is the subdivision of the lot into an appropriate number of sub
lots.

If a lot is sybdivided into u,,; sub-lots of equal quantity, ng, increments are taken from each sub-lot, a,gfoss

sample is g
then the va
expressed

onstituted for each sub-lot and n), replicate measurements are obtained on each gross(san
riance of the estimate of the average value of the quality characteristic assessed in the ot wi
py Equation (3):

1

o

lot

2
O wst +

M sub

2
=)

material, in

In the pro
process of

process of

riance of estimate of average value of the quality characteristic assessed in the lot, aé , ca

selecting an appropriate number of sub-lots, . A sub-lot is to)be a known quantity of
rder to calculate the quality of the lot by weighted averaging.

ss of sampling of liquids, the variation within a gross.sample is comparatively small and
ample preparation is usually omitted. If necessary, theigross sample may be stirred to make
ligible.

ss of sampling of gases, an increment taken from a lot is subjected directly to analysis and
ample preparation is usually omitted.

ple,
| be

)

 be
bulk

the
this

the

be
late
lot.
ality

In the sampling of particulate materials, where possible, all the produced material should preferably
homogenizéd, possibly including several lots befare the increments are taken. Bedding systems for particu
materials afe stockpiled before being loaded to-vessels so as to reduce the quality variation within the
Taking increments from strata, into which a [ot is subdivided for smaller variation, also reduces the qu

variation.
the test sa
homogeniz

7 Expe

the sample preparation stage,-particle size reduction is another step in the homogenizatior]
ple stage, mechanical mixing is carried out in a laboratory. However, special operation
tion at this stage can sometimes lead to segregation of properties.

rimental methods for obtaining variance components at various stages of

. At

5 of

sampling

7.1 Variance components at various stages of sampling

A bulk-sampling plan, which is to be used in routine sampling, should be established so that a specjfied
overall precision for a lot is obtained taking into account past experience and the results from specially run
experiments.

Variance components in routine sampling are usually divided into variance components of sampling (taking
increments), sample preparation and measurement. In order to estimate these variance components
separately or jointly, the following three types of experiments are used:

— nested experiments;
interpenetrating sampling; and

mass-basis systematic sampling with increment-by-increment measurement.
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In a completely new sampling situation, where there is no previous experience, a sampling experiment should
be done to estimate the variance components at various stages of sampling, i.e. the between-lots variance
component, the between-increment variance component, the between-samples variance component and the
variance component due to measurement error. The simplest experimental design is a fully nested experiment
with two samples or measurements at each stage as shown in Figure 1.

To obtain sufficient information about the variance components between the sampling stages, samples from
approximately 20 lots should be tested (although in most situations several pairs of sampling stage samples
could be taken from one lot).

The| disadvantage is that, for each sampling stage sample, four measurements are needed in\the [plan shown
and|this is more than required. The degrees of freedom and the expected mean squares for this gxample are
as ghown in Table 3.
1
bbbl
Key|
1 Lots
2 [Sampling stage
3 Bample preparation stage
4 Measurements
Figure 1 — Fully nested experiment
Table 3 — ANOVA with expected mean squares of fully nested experiment
Source Degrees of Expected mean squarg
freedom

Betjveen lots p-1 0',\2,| + 20% + 4a§ + 8a§|_

Sampling stage within lots P 0'|\2,| + 20% + 40%
Sample¢preparation stage within sampling stage 2p 0',\2,| +20,§

Megsurement within sample preparation stage 4p 0'|\2,|

Total 8p—1

0'§|_ is the variance component between lots;

aé is the variance component of sampling stage;

apz is the variance component of sample preparation stage;

0',\2/| is the variance component of measurement;

P is the number of lots.
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The 4p degrees of freedom for the measurement variance component are more than needed and a design
which distributes the degrees of freedom more evenly would be better.

This can be done using a staggered-nested experiment design as shown in Figure 2.

1
2
3
L

Key

1 Lots

2 Sampling stage

3 Sample preparation stage

4  Measurgdments

Figure 2 — Staggered-nested experiment

This cuts dpwn the number of measurements from 8p todp and the degrees of freedom and the expefted
mean squales are as shown in Table 4.

Table 4 — ANOVA with expected-mean squares of staggered-nested experiment

Source Dfe: g;zt:smof Expected mean square
Between lots p—1 o +(3/2)0p +(5/2)c§ +4cfL
Sampling stage within lots p oty +(7/6)a,§ +(3/2)a§
Sample preparation stage within-sampling stage P o +(4/3)a§
Measuremept within second-stage p cr,\2/|
Total 4p -1

In these expefiments—variance-compenents; :;S,_, :;g ; :;3 ahd :;,3, are-estimated-equating-each-formula in
the column of expected mean square to the corresponding observed variance. For details of the fully nested
experiment and the staggered-nested experiment, refer to ISO 5725-3. Examples of nested experiments are

given in Annex B.

7.3 Interpenetrating sampling

Interpenetrating sampling is applied where the sampling variance component is dominant in comparison with
the variance components of sample preparation and measurement. In addition, this is applied where
aggregation or accumulation of increments is allowable, i.e. to materials of a particulate or liquid nature.

In mass-basis systematic sampling of iron ore, quality variations within strata including two increments are
surveyed periodically. A lot is divided into more than ten parts and even numbered increments are allotted to
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each part, dividing the number of increments determined according to a mass of lot by the number of parts.
Increments are taken at fixed intervals in mass. Odd numbered increments taken from each part and even
numbered increments taken from each part are constituted into two composite samples, respectively. (In the
following example, these composite samples are denoted by 4; and B,, respectively, where i is the number of
the part). The quality characteristics to be assessed are determined for each composite sample and the
quality variations within strata including two increments are estimated.

The methods to be applied are illustrated by the following examples:

EXAMPLE 1

(number of increments per composite sample) x (number of composite samples per part) x (number of parts) F 3 x 2 x 10

é@é@é@ éqéqé@ -------------------------------

B, B,
Figure 3 — Interpenetrating sampling

An ¢xample carried out on the total iron content is shown in Table 5. In this example, 60 increments are taken
from the lot. No. 1, No 3 and No. 5 increments are constituted into composite sample 44, and No. 2, No. 4 and
No.|[6 increments are constituted into composite sample B4. Thus, composite samples 44 to 444 a:|1d B, to Bqg
are |obtained and the total iron content is.determined for each composite sample, after preparation of each
sepprately. The range between a; and b;.js)denoted by R;. From the average range, 0,23, the quality variation
within strata including two increments)‘(including also variance components of sample preparation and
measurement) is estimated by the following formula:

—\2

R

Oas =3x% (Z] 4)
whdre

d, is thevfactor to estimate variance from the range with normal distribution for paired dataland equals
1:428;

3~ is the number of increments in each composite sample.

Other examples of interpenetrating sampling are shown in C.7.
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Table 5 — An example of interpenetrating sampling

Total iron content

No. of part A B Average Range
1 65,37 64,36 64,865 1,01
2 64,82 64,82 64,82 0
3 64,81 65,10 64,955 0,29
4 64,96 65,06 65,01 0,10
5 65,23 65,20 65,215 0,03
6 65,34 65,22 65,28 0,12
7 65,54 65,80 65,67 0,26
8 65,41 65,34 65,375 0,07
9 65,16 65,22 65,19 0,06
1 65,34 65,69 65,515 0,35
Averpge 65,19 0,23
Okt 0,35
Method: 3 x 4 x 10
Steel mill G, 1985-05-19, Tonnage: 97 101 t

7.4 Massg-basis systematic sampling with increment by increment measurement

Systematic
simple rang
mechanize.
and then m

sampling is frequently applied to take increments from bulk materials during transfer instea
om sampling from bulk materials in a stationary state because of it is easier to perform an
Take increments by systematic sampling and prepare test samples from increments separa
basure a quality characteristic on each test saniple. Data obtained by this way are analysed by

d of
d to
tely
the

variogram @r correlogram method. Data obtained by systematic sampling in mass basis are usually used for
this purposg.
The variogram is a plot of the variance as a function of the interval between original data. The distance between
consecutiveg data is called lag one, that between“every second data value is called lag two, etc. The value of the
variance Vg p(t) corresponding to a lag of & increments can be calculated from the following equation:
n—k 2
z (xi+k — X )
Vo (1) = =1 5
exp ( 2(11 _ k) ( )
where
X; is the'value of the quality characteristic for incrementi (i =1, 2, ... , n);
(n — k) |_is’the number of pairs of increments at integer lag & apart;

t

lag value for calculating the variogram either on a time or mass basis.

The correlogram is a plot of the coefficient of correlation as a function of the interval between original data.
The value of the coefficient of correlation Fexp (¢) corresponding to a lag of k increments can be calculated from
the following equation:

Fexp () = —
\/ 1(9‘1‘)7:')2

18

n—k
D (x =% ) (xiek — Xk )
i=1

k

n
(xi+k — Xk )2

1

Il
-

i
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The variogram and correlogram for a given series have a relationship to one other as described in detail in
C.3. One of them or both are applied according to the situations.

Iron ore sampling at a discharging port is usually performed by mechanical equipment with the number of
increments determined using systematic sampling on a mass basis with respect to the mass of the lot falling in
a stream onto the main belt going from the vessel to a stockpile area.

Increment samples for size analysis are usually sieved increment by increment by a mechanical sieving
system for lumpy iron ore. Recently in the sampling of iron ores, increment samples for moisture
determination are often measured increment by increment, after preparation if necessary, to avoid moisture
loss during storage.

Magses of increments taken by the systematic sampling on a time basis are proportional to the floxt rate of the
material and the corresponding masses of the lot cannot be known. Accordingly, a quality characteristic of an
increment taken on a time basis should not be measured ensuring uniform flow rate.

Thus, serial data including sample preparation errors and measurement errors are provided from rputine work.
Stalflistical analysis of serial data is illustrated in Annex C.

The| variogram method was primarily developed for obtaining the sampling variance components|for each of
the pampling plans for several different sampling intervals, e.g. with the sampling interval increased by a factor
of two. The variogram value at lag one corresponds to the quality variation within strata ingluding two
neighbouring increments in interpenetrating sampling.

However, the variogram method has been used recently for the presentation of special features of| serial data,
rathler than the direct estimation of the sampling variance components.

8 |[Adjusting the sampling plan to obtain desired precision

In sempling particulate materials, where a lot is subdivided into uy; sub-lots, ng,, increments arel taken from
each sub-lot, a gross sample is constituted for.each sub-lot and n), replicate measurements are pbtained on
each gross sample, then the variance of estimate of average value of the quality characteristic assessed in
the Jot is expressed by Equation (3):

2 2

O'é = L(—O_WSt + Gé +G—M] (3)
Ulot | "sub nm

Herg, aé is given as the 'desired precision. o-\%,st and o-é are given according to the material to pe sampled.

ol is also given according to the measurement method to be applied to the quality characteristic |in question.

However, in most cases, o is small enough when compared with avz\,st and o . Accordingly, thot @nd ngp

shopld be the main_parameters to be adjusted in sampling of particulate materials.

In nmpost casegs when sampling liquids, the variance component between the test samples prepared from the
grogs sample, o-é, is considered small as it comes from only stirring the gross sample. Accgrdingly, the
varignce of estimate of average value of the quality characteristic assessed in the lot will be eXpressed by
Equation (7):

2 2
(e (e
o2 =T T (7)
n I’lM
where

o-ew is the variance component between the increments within the lot;

n is the number of increments taken from the lot.

In this case, adjustment is limited to » and n,.
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However, when the lot is subdivided into u,; containers of equal mass (sub-lots), the variance of estimate of
average value of the quality characteristic assessed in the lot will be expressed by Equation (8):

2 2
o@ =1 | Tusl , Ol (8)
Ut \ "sub "M

where

GVZVS| is the variance component between the increments within the container.
In sampling of gases, the accumulation of increments is not considered practical because of its difficulty.
Accordinglyf, the variance of estimate of average value of the quality characteristic assessed in the\lot"wi|l be
expressed by Equation (9):

2_1[ 2, o
CE=T1|0wm+— 9)
7 nw

where o-\%” is the variance component between the increments within the lot.
In this case| » and n),; are adjustable.
9 Estimating precision
The precisipn performed through the routine sampling, sample preparation and measurement procedyres
should be checked periodically by duplicate sampling.
In the expefiments of systematic sampling, twice the*number of increments in the routine sampling should be
taken at thg half interval of the routine sampling and'two composite samples, each constituted by »n incremgnts
respectively, should be aggregated in rotation»*Two composite samples per lot should be prepared |[and
measured s$eparately according to the routine procedures. It is preferable that experiments for no less than
twenty lots pf the same material should be carried out.
Irrespective of the number of duplicate/data, a control chart for range as described in ISO 8258 can be applied
for detectiop of out-of-control points)and for estimation of the precision performed.
Practical agplications are giver/in Annex D of this part of ISO 11648.
10 Checking for bias
Data obtaiped. by routine sampling are usually used for the calculation of the monetary value of|the
commodity L Biased—data—give—a—biased—meneta alue—Bias—is—of-imperance—for-both—parties—concerhed,

purchaser and supplier.

Bias is a result of the sum of all bias-creating effects of various components in the whole sampling system,
from taking increments to measuring a quality characteristic.

Bias will be introduced by the deviations from the design criteria and normal operations of various components
in the sampling system. In order to avoid bias, individual components in the sampling system should be
checked by comparing them with the design criteria. For example, a cutter in a particulate sampling system
should obtain a complete cross-section of the trajectory of a falling stream of particulate materials. When a
cutter does not obtain a complete cross-section of the material on the belt (e.g. spoon sampler), bias will
obviously be introduced, even though evidence of bias cannot be detected. Details of design criteria relevant
to sampling systems for particulate materials is given in ISO 11648-2.
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Bias is defined as “the difference between the expectation of the test result and an accepted reference value”.
However, in practice, an accepted reference value is unknown. Where an “intrinsically unbiased method” is
available in place of an “accepted reference method”, bias is usually discussed in comparison with the test
results and the value obtained by the intrinsically unbiased method, as an auxiliary measure. For mechanical
sampling from falling streams of particulate materials, an example of an inherently unbiased method could be
a stopped belt sampling method applied to the same material.

Let the values of measurements on duplicate increments obtained by a mechanical sampler be denoted by x;,
and x;,, and the values of measurements on duplicate increments obtained by stopped belt sampling, y;; and
v;o, respectively. Increments of the same sets should be taken as closely together as possible. & is the number
of sets of increments, preferably more than twenty.

Cal

Put

If F
ass
to 0
in th

If F,

959

ulate:

52 (x)= 1212](
hi=yin—yi2
k
2 i
sZ(y)= i:;k

Fq :sez(x)/sez(y) or Fy :sez(y)/sg (x)

> F,5(v4, v5), then the null hypothesis, s2 (x)= 52 (»), is rejected, and the two groups of dat

imed to be drawn from populations with a common variance. The significance level « is usua
05, and v4 and v, are the number of degrees of freedom of sez(x) and sez(y), respectively, an
is case.

< Fo(v4, v), the twe,groups of data may be assumed to have a common variance.

o confidence limits, T4(x), To(x) and T4(y), T5(») are calculated as follows:
T1 (x), T2 (x) = §it1—a/2 (k)se(x)

F(y), To(y) =V £ 11 o2 (k)s.(»)

the larger of sf(x), sez(y) in the numerator of /g,and calculate the ratio F, of the error variancgs:

(10)

(11)

(12)

(13)

(14)

A cannot be
ly set equal
H both are &

(15)

(16)

where

=l

is the grand average of x;; and x;,;

<l

is the grand average of y;4 and y;,.
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Calculate:

d,=XintYi2 YtV (17)

2
2 115 2 1<
Sdzm Zdl —; Zdl (18)

4y =| prearbiddiedsg 19)

If ‘ d ‘ > A,|, then the hypothesis of the equality of two means is rejected. The estimate of bias is d

If the absojute value of d is larger than the maximum tolerable bias, &, removal of the<bias should be
considered [from the point of view of the actual effects of the bias on the evaluation of the llet:

As for statistical methods for bias testing, various approaches have been propesed in many Internatipnal
Standards jn respective fields. However, the method to be applied should be-evaluated with regargd to
availability pnd efficiency. The method proposed here will give a basic approach for bias testing and an
accumulatign of knowledge about random errors relating to the material‘dealt with and the measurement
method applied. Detailed discussions through practical applications will be given in Annex E.

11 Precigion and bias at measurement stage

Precision anhd bias at the measurement stage should be reviewed in accordance with all parts of ISO 5725,
together with the methods given in this part of ISO 11648
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Annex A
(informative)

Explanatory notes on definitions

A.1 General

i$ annex gives a necessary explanation of the terms selected in order to avoid confusioncer_thisusage of

“‘Bulkk sampling” is defined in 4.27 of ISO 3534-1:1993, while “bulk- material” is not [defined in
3534 (all parts). However, the definition of “bulk material” will be givepin-the future version df ISO 3534,
hown in 3.1.1.

Bulk material covers all kinds of materials in which increments are not initially distinguishable, such as
parfjculate material, liquids and gases. This also covers peculiarbulk materials such as cotton and iron scrap.
principles of sampling, such as random drawing of samples at random and stratification of the|lot, may be
applied to peculiar bulk materials. However, special..consideration should be given to tHe taking of
ment(s) from the materials.

alsg
incr

same definition of sample is given in 442 of ISO 3534-1:1993 and in 2.1.1 of ISO 3534-2:1993 as “one or
more sampling units taken from a population and intended to provide information on the populgtion” with a
¢ “a sample may serve as a basis fon a decision on the population or on the process which profuced it”". In
the future version of ISO 3534, the.term will be defined as “subset of a specified population made up of one or

same definition. of “sampling” is given in both 4.4 of ISO 3534-1: 1993 and 2.2 of ISO 3534-2:1993. The
slightly modified.definition will be given in the future version of ISO 3534 as shown in 3.1.3. Funflamental to
ccurate<estimation of an average value of the quality characteristic assessed in the lot is thg taking of a
simple random sample from a lot. However, simple random sampling is a difficult procedure, in pafticular from

r in mass is

) dmpliing mom a Iot In a ationary dle, systema
applied during transfer of a lot for easy ease of execution (dynamic sampling).

Multi-stage sampling is sometimes applied according to the form of a lot, such as a train comprising a number
of wagons.

An appropriate procedure for implementing these sampling plans can be established on the basis of
knowledge about the quality variation in a lot, the variance component of sample preparation and the variance
component of measurement. The quality variation is determined from the results of experimental sampling,
such as interpenetrating sampling. The variance component of sample preparation and the variance
component of measurement are obtained by a suitably designed experiment.
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Precision attained by routine sampling is verified by check sampling, such as duplicate sampling. The bias of
routine sampling cannot be determined in general. Increments taken by a mechanical sampler can be
compared with increments taken from the corresponding point of the conveyor belt during stoppage. Individual
components in the sample preparation process, such as dividers in a mechanical system, can also be
checked for bias by an appropriate experiment.

A.5 Lot

The term “consignment” is defined in 1.3.7 of 1SO 3534-2:1993 and has been used mstead of “lot” in the
Standards drafted by some technical committees. However, more recentl
sampling of bulk material. The term “lot” can be found in the Standards published in 1994 (see ISO 941
On the othe¢r hand, “lot (inspection)” is defined in 1.3.5 of ISO 3534-2:1993. In order to distinguish from
“lot (bulk sgmpling)” is newly defined.

A.6 Subdot, sampling unit and increment

bulk
ion,

The term “gub-lot” is not defined in 1ISO 3534:1993, but should be introduced to be confined to the field of
sampling in[future version of ISO 3534 describing the subdivision of a lot in order to7obtain a desired precig
as described in Clause 6.

The term “$ampling unit” is defined in 4.1 of ISO 3534-1:1993 and 1.3¢3"of ISO 3534-2:1993 wholly in
same word{ngs having two meanings with two notes. In the first definition, the term is defined as “one of
individual upits into which a population is divided”. While, the second definition is that “a quantity of product,
material or|service forming a cohesive entity and taken from one place and at one time to form a part jof a
sample”. In|the future version of ISO 3534, the definition will begiven in this form for easier understanding for
users.

the
the

The term “increment” is defined in 4.25 of ISO 3534-1:1993, as “a sampling unit in the case of bulk samp
i.e. a quaniity of material taken at one time by one.action from a larger body of material”. However, in
future versipn of 1ISO 3534, the same definition as.defined in this International Standard that “quantity of
material taken in one action by a sampling device*Will be given.

ing;
the
bulk

In order to tice

in loading ¢

inderstand the mutual relationship between these terms, consider the following sampling pra
pbal into a vessel.

coal

Suppose 7(
to be loade
supplied byj
and 70 000
as to interc
machine is
of the samp

Case 1: Ro

000 t of coal in wagons are loaded onto a vessel directly, though in fact the main part of the
d is usually supplied-ftrom coal stocked in a pile and only a small part of the coal to be loadg
a train directly. Qn-each wagon, 100 t of coal are loaded. A train is made up of a hundred wag
t of coal are delivered by seven trains to the loading facilities. Sampling equipment is situate
bpt the falling'Stream at the transfer head of the conveyor belt subsequent to a tipple. A weig
nstalled on,the conveyor belt after the tipple so that the mass of coal passed through the loc3
ling equipment can be measured by an appropriate time lag correction.

Litine sampllng is carried out by the sampllng equment At 500 t intervals, n (e.g. 140) increm

d is
ons
1 so
ning
tion

ents

are taken ach
10 000 t sub-lot are composed to make a gross sample and seven gross samples are combined successively
to represent each train. These gross samples are prepared into seven test samples separately and these test
samples are analysed separately. The average value of the quality characteristic assessed in the lot is
determined by averaging these seven test results.

bbUlulllB LU lIIU IIIUIbalIUIIO UI I.I Ic VVUIHIIIIIH IIIGUIIIIIU allu LU III\/IUIIIUIILD ICFICOCIILGLIVU UI

Case 2: Routine sampling cannot be carried out due to an unfortunate breakdown of the sampling equipment.
As agreed between the parties concerned with delivery, an alternative sampling procedure is carried out using
an auger sampler from the wagons before the tipple. Ten wagons are selected at random from 100 wagons in
each train. Two increments are taken from the wagons selected and seven composite samples are composed
to represent each train. Composite samples are prepared separately and test samples are analysed
separately. The average value of the quality characteristic assessed in the lot is determined by averaging the
seven test results.
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Case 3: Under the same circumstances as Case 2 above, sampling may be carried out by reducing the
number of increments (e.g. 40 per lot) in accordance with an agreement between the parties concerned. Four
trains are selected at random from seven trains and five wagons are selected at random from 100 wagons
which make up the train selected. Two increments per selected wagon, 40 increments in total, are taken and
four composite samples are composed to represent each train selected. Composite samples are prepared
separately and test samples are analysed separately. The average value of the quality characteristic
assessed in the lot is determined by averaging the four test results.

An example of mass-basis systematic sampling is shown in Case 1. Selection of wagons in Case 2 is an
example of stratified sampling, where the strata are trains. In Case 3, an example of three-stage sampling is
shown, where four trains are selected as the primary sampling units at the first stage, five trains are selected
as the secondary sampling units from the Selected train at the second stage and two increments are taken
fronmp the selected wagons as the tertiary sampling unit.
Thel variance of estimates of average value of the quality characteristic assessed in the lot in“caseg 1, 2 and 3
are expressed by Equations (A.1), (A.2) and (A.3), respectively:

2

2 _ 1| owst 2 2

== —+ + A.1
OE 7{ 20 op O'M] ( )

whegre O'\?vst is the variance component within stratum.

2 2

2 1| oaw , owst 2 2

=—| 20 4 WSt 554 A2
7E 7{ 10 1ox2 °P GM] (A2)

where
aEz;W is the variance component between.wagons in a train;

O'\?vst is the variance component within stratum in a wagon.

2 2

2 _3logr | T|owst, 2.2

-2 _ A.3
OE 7( ]+4{5x2+0'p+0'|v|] ( )

whegre

aEz;T is the variamce component between trains;

; reflects the finite population correction in selection of four trains from seven trains.
In Jase 1, the first sub-lot of 10 000 t of coal is conceptually divided from the second one by a mass reading
at the diven increment. The material in a falling stream is a continuous flow and its parts are ndt separated
fronmp each other. However, each 10 000 t of coal is called a sub-lot. In intermittent sampling, some sub-lots are

not selected. Accordingly, a sub-lot can be a primary sampling unit. Tncrements taken from a sub-lot are
secondary sampling units.

In Case 2, each 10 000 t of coal is a sub-lot and at the same time a primary sampling unit. Wagons selected
from a train are secondary sampling units. Increments taken from a selected wagon are tertiary sampling
units.

In Case 3, trains are primary sampling units. Wagons in a selected train are secondary sampling units.
Increments taken from a selected wagon are tertiary sampling units.

"« ” ”

The term “sampling unit” is used in the definition of “sample”, “simple random sampling”, “stratified sampling’
and “multi-stage sampling”.
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A.7 Com

posite sample

The term “aggregated sample” is defined in 4.28 of 1ISO 3534-1:1993 with the same meaning as “composite
sample” in this International Standard. As “aggregated” is not used in the practice of bulk sampling, the term is

replaced by “composite”.

Composite sample” should be used for non-routine sampling such as duplicate

sampling for checking precision, interpenetrating sampling for investigation of quality variation and inspection
sampling, while “gross sample” is used for routine sampling.

A.8 Gross sample

The term “gross sample” is defined in 4.29 of ISO 3534-1:1993 as the representative sample of a popdla
As describgd in Clause 6, sub-division of the lot into sub-lots is necessary for obtaining thecdesid

precision.
undivided |
defined as
be confined

A.9 Test

A part of a
For test sar
quantity of {

A.10 Rdutine sampling and routine sample preparation

The proceq
experiment
Standard fi
distinguishg
sample pre
which is foll

owever, if a lot is small enough, the lot remains undivided. Nevertheless, the mass of
t would be less than the usual mass of a sub-lot. Accordingly, the gross sample should als
he representative sample for both a lot and a sub-lot. In addition, the term “grossisample” sh
in usage to routine sampling to avoid confusion with “composite sample”.

sample and test portion

est sample for chemical analysis (a test portion) is usually used{for chemical analysis at one t
hples taken for other purposes than chemical analysis, either.a part of the test sample or the w
he test sample is used for the test at one time.

ures of routine sampling and routine sample“preparation can be established on the basi
bl work considering the practical application” and are stipulated in the respective Internati
br sampling. The procedures of sampling and sample preparation in experiments should
d from those of routine sampling and routine sample preparation. Routine sampling and rou

ion.
ned
one

be
buld

me.
hole

5 of
bnal

be
tine

baration are sometimes accomplishied by an integrated sampling-and-sample-preparation sysfem,

pwed by instrumental analysis.

A.11 Sa

Devices fo
type. The
variance co

the particles
sample divig

However, i
laborious

making duplicate tests.

ple division

sample division are Classified into two types; one is the increment type and the other is the
ariance compofent of sample division by the increment may be estimated theoretically from
ponent betieen the increments at that stage. Sample division by a riffle is carried out by divi

ion by.theiffle may also be estimated from the results of the experiment.

vestigation of va

riffle
the
ding

in a sample into the opposite sides of the edged plate at random. The variance component of

ires

.by

In specific International Standards for sample preparation, the minimum mass of the sample to be retained
after division at different stages should be stipulated and should be based on results obtained by experimental
investigations so as to attain the required precision of sample preparation.

26
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A.12 Sampling procedure, sample preparation procedure, sampling plan, sampling
scheme and sampling system

The terms of (sampling) procedure, (sample preparation) procedure, (sampling) plan, (sampling) scheme and
(sampling) system are used frequently in standards on bulk sampling. However, these terms are already
defined in 2.3.2, 2.3.3, 2.3.4 and 2.3.5 of ISO 3534-2:1993 for acceptance sampling. Accordingly, the terms
have been redefined for bulk sampling so as to avoid confusion with terms given in acceptance sampling
standards, such as ISO 10725.
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Annex B
(informative)

Fully-nested experiments

B.1 General considerations

When one ||\as no knowledge about variance components of sampling, sample preparation and measuren
eriments may be attempted in order to obtain the necessary information about thesé. varig
5. Procedures for sampling, sample preparation and measurement can be established as’a roy
e experiment should be carried out on at least 10 lots, but preferably 20 lots. Statistical analy
hart and by ANOVA (analysis of variance) are given in the following.

nested exp|
component
method. Th
by control ¢

B.2 Expg
Parameters
Quality cha

Lot:

Sampling:

materid

transpq

numbef of lots: 20;

mass ¢

noming

mass g

numbe

method
interva
shovel

racteristic: ash content (%).

rimental parameters

for the experiment are as follows.

I: coal for coke making;

rt mode: ship;

f lots: average 8 345 t; minimum 7,000 t; maximum 9 800 t.

| top size of lot: 50 mm;

f increment: 1,5 kg

I of increments taken from one lot: 30 x 2 = 60;
of taKing increments: stop the conveyor belt that is unloading coal from the ship at the der

, determined by dividing the mass of the lot by the number of increments to be taken, and usi
take 1,5 kg from the surface material at the correct increment on the belt conveyor.

ent,
nce
tine
ses

ved
hg a

Sample preparation:

28

composite samples: put individual increments taken consecutively, in sample containers A and B
alternatively, and regard them as the composite samples A and B consisting of 30 increments;

test samples: two test samples are prepared from each composite sample.
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Measurement:

— ash contents are analysed in duplicate for each test sample.

B.3 Results of experiment

Results of the fully nested experiments described above are shown in Table B.1.

Table B.1 — Results of fully nested experiments

Ash
Lot No. %

X111 X112 X121 X122 X211 X212 X221 X222
1 9,38 9,24 9,02 8,98 9,22 9,32 8,40 8,38
2 9,76 9,80 9,92 9,92 9,36 9,36 9,72 9,54
3 7,40 7,26 7,32 7,40 7,55 761 7,57 7,49
4 8,62 8,76 8,82 8,84 9,20 9,34 10,00 10,00
5 9,16 9,18 8,72 8,68 8,89 8,75 9,51 9,47
6 9,08 9,08 9,06 8,86 8,80 8,84 8,76 8,60
7 8,77 8,69 8,77 8,75 9,16 8,92 9,06 8,94
8 8,62 8,68 8,80 8,42 8,78 9,02 8,62 8,94
9 8,60 8,74 7,10 7,22 8,88 9,10 9,08 9,00
10 6,96 7,20 7,32 7,40 8,59 8,89 7,55 7,43
11 8,44 8,26 7,92 7,70 8,65 8,45 8,37 8,15
12 8,24 8,00 8,38 8,12 8,42 8,26 8,78 8,72
13 7,21 7,25 6,85 7,03 7,21 7,31 7,31 7,39
14 8,84 9,00 8,96 8,90 9,24 9,16 9,20 9,38
15 8,45 8,51 8,91 8,79 9,00 9,06 8,86 8,96
16 9,02 9,08 9,16 9,08 8,75 8,83 8,65 8,75
17 8,71 8,77 8,75 8,75 8,98 8,96 9,00 9,18
18 8,77 8,92 9,24 9,32 8,82 8,64 8,32 8,42
19 7,37 7,39 7,13 7,25 7,10 6,92 6,64 6,74
20 10,12 10,02 9,96 9,94 10,72 10,78 10,30 10,30

NOTE 411> Xq120 -+ Xppp Are the results corresponding to measurements shown in Figure 1.

B.4 Statistical analysis by control chart

B.4.1 Control chart
A control chart of part of the data at the measurement stage is shown in Figure B.1 as an example.

Similarly, control charts at the test sample stage and at the composite sample stage can be drawn.
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= Range

Figure B.1 — Caontrol chart at measurement stage

B.4.2 Integrpretation of control charts

A data point on an mean chart is-{he average of two measurements on a test sample, while a data point ¢n a
range chart|is the range of two-neasurements for a test sample.

In the rangg chart, nooui-of-control point is observed at the measurement stage. In the mean chart af the
measuremgnt stage dnythis example, 14 out-of-control points out 20 points are observed. A state of contrpl in
the range dhart and-out-of-control points in the mean chart mean that the precision expressed in the rgnge
chart is stabple and precise enough to detect the variation expressed by these out-of-control points in the nfean
chart, contraryto the usual control charts where no out-of-control point is expected to be observed.

B.4.3 Calculation of variance components at each stage

The following values are obtained while making range charts (see also Table B.2):

— Ry atthe measurement stage;
— R, atthe test sample stage;

— §3 at the composite sample stage.
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At the measurement stage, §1 is equal to:

20 20 20 20
(Z|x111i _x112i| + Z|x121i —x122,'| + Z|x211i _x212i|+2|x221i _x222i|
Ry = i=1 i=1 i=1 i=1
80
=0,112 875

At the test sample stage, R, is equal to:

i=1

20 20
{Z|x11.i — x99+ Z|x21.i ‘x22-i|J
R, = i=1

40
= 0,293 755

At the composite sample stage, Rj is equal to:

20
{Z|X1..i _x2..i|J
5 i=1

R = 20
- 0,417 6255

— \2 2

58 - Ko :(0,1129j =0,0100 (B.1)
dy 1128

s2-|Re) _ 1 ([Ra :(0’2944j 1 (angj - 0,063 1 (B2)
dy) 2 |4, 1128 2 (1128

52 Bs| _fRe :(wj 1 (0’2944j 01030 (B.3)
dy ) <24d, 1128 ) 2 | 1128

whgre

&,\2,| is the variance component at the measurement stage;

&3 is the variance component between test samples (variance component of sample preparation);

a"é is the variance component between composite samples (variance component of sampling);

dy is the factor for estimating standard deviation from the range of normally distributed paired data
and forn =2, d, = 1,128.
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B.5 Statistical analysis using ANOVA

Results of nested experiments can also be analysed using ANOVA (analysis of variance). The ANOVA table
is shown in Table B.3.

Table B.3 — ANOVA of fully nested experiments on ash

Source of variation ssquuizrzl; ch: g;edismof Mean square Expected mean square
Lot 96,172 19 5,062 ch+208+40% + 853
Cormposite samples 9,373 20 0,469 0'|\2,| + 20% + 4a§
Tegt samples 7,679 40 0,192 o208
Measurements 0,777 80 0,010 o-,\z,l
Totgl 114,00 159
o-é_ is the variance component between lots.

In Tlable B.3, the mean squares are unbiased estimates of paramegters estimated, respectively. Copsequently:
68 +268 +46% +853, = 5,062
6 +268 +46%=0,469

68 +268=0,192

68 =0,010
then

&4 =0,01

68 =0,09

52 =0,07

&8, =0,57

are obtained.

As for 0'|\2,|, the variance component at final stage, the estimated obtained from the control chart is exactly
equal to the value obtained by ANOVA. However, considerable differences are observed between variance
components at intermediate stages, a% and aé obtained by both methods, respectively. One possible
reason would be out-of-control points in range charts (lack of normality). Another possible reason would be an
error in estimating the variance component.
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Confidence intervals for the variance component can be calculated by the methods of Satterthwaitel®! using
the chi-squared distribution, or Anderson-Bancroftl®l or Moriguchil”l using the F-distribution.

a) Method of Satterthwaite

In the case of a one-factor experiment,

2
VO A 2 VO A (B4)

Wa-7e)? (o)
VA2 VA +VEZ/VE Folvp +1vg

va and vg afe the number of degrees of freedom for variances 7, and Vg respectively-

b) Methoq of Anderson-Bancroft

In the case [of a one-factor experiment,

F./Fq)-1 F./F.
(Fo ‘)—&E\<af\<( 0 1)&2\ B.5)
Fo +1 Fo -1
where
Fo =Va/VE

F2 ZF(VA,VE;()(/Z)
F1 =1 F(VE,VA;O!/Z)

c) Method of Moriguchi

In the case|of a one-factor experiment with a one-sided design, with expected variances E(VA) = aé +;a£
and E(Vg )l o, a100(1~a) % confidence interval for o2 is

2 2
Va —1——i—bL(LJ <O-£<V_A F("O,VA)—L"'I?U(LJ (B.6)
no | Fl(va, @) Fo Fo no F, F,
where
VA is the number of degrees of freedom of V;

by, by, F(o,vp) and 1/F(w0,v5)  are given in the table of reference [7] of the Bibliography.
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In the experiment of duplicate measureme
component of sampling and between lots US +of

from

ISO 11648-1:2003(E)

ts of chemical composition, x %; on 24 bulk lots, the variance
have been estimated to be equal to 10,17 separately

variance component of measurement. Three n}ethods give the respective lower and upper confidence
limits of 90 % to mean value 10,17 as follows:

Lower limit Upper limit
Method of Satterthwaite 6,47 18,71
Method of Anderson-Bancroft 4,81 20,35
Method of Moriguchi 6,40 17,98

An example of the application of confidence intervals for variance components to the experiment

sanj

ple division can be found in reference [5] of the Bibliography.

al results of
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Annex C
(informative)

Statistical analysis of serial data

C.1 General

This annex
statistical a
[8] and [9] 4
former app
component
interval inc
Recently, s

(see references [13] to [15] in the Bibliography).

The fundamental aim of statistical analysis of serial data is to determine the\types of variation. Type
variation arg¢ usually classified into the typical four patterns:

a) randon,

b) cyclic,

c) trend;

d) correlafed variations.

In fact, two pr three of these patterns can be combined and appear in a combined form within a variogram
correlogram). When a variogram or a correlogramis flat, the variation of the original series is random. Wh
variogram qr a correlogram is cyclic, the variation of original series is also cyclic with the same period. Wh

variogram ¢r a correlogram is a quadratic.curve, the variation of the original series is either a trend of

autocorrela
autocorrela

When the
selection o
sampling of

This annex

blast fU

gives practical applications of the statistical analysis of serial data. Some of the examples, of
halysis of serial data may be found in the papers by Jowett and others [BL9] [101L.111] [12], Referer
re applications to coal sampling, while reference [11] is an application to blast furnace data. In
ications, the variogram method was primarily developed for obtaining the sampling varig
5 for each of the sampling plans for several different sampling intervals, e.g, with the sam
eased by a factor of two. In the latter, types of variations of serial data are‘mainly discus
atistical analysis of serial data is also discussed by Gy relating to the sampling of bulk mate

ion. In this case, the correlegram is used conveniently to distinguish between a trend ang
ion, by referring to significant values of the coefficient of correlation.

ariation of the origifal series is other than random, special consideration should be given to
systematic random sampling.
gives practical applications experienced during the latest decade relating to:

rnace'data;

the
ces
the
nce
ling
5ed.
rials

5 of

or a
ENn a
N a
an
an

the

the sampling interval used in systematic sampling and to the application of either systematic

trends

thickness of paper;
moisture content in iron ores;

size distribution and moisture content in iron ores;

in iron ores.

Applications of serial data analysis to blast furnace data and thickness of paper product are introduced to
show the variety of patterns in variograms and correlograms. The fields of application of statistical analysis of
serial data will be expanded rapidly in the near future with the assistance of computers.
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C.2 Fundamentals

The variogram is a plot of variance as a function of the interval between original data. The distance between
consecutive data is called lag one, that between every second data value is called lag two, etc. (see
Figure C.1).

Serial data X; X 41 X s X 43 X 44
lag1 (t=1)
lag 2 (t = 2)
lag 3 (f = 3)

Figure C.1 — Graphical representation’of elements used for calculation
of the variogram andthe correlogram

Thel values of the variance Vexp(t) and the coefficient of correction rexp(t) at lag ¢ can be calculated from the
Equations (5) and (6) in 7.4.

C.3 Blast furnace data

In Tlables C.1 and C.2, serial data“0f some of the important indicators of blast furnace operation|are shown.
Datg are collected for two tepms, in May [Series a in Table C.1] and in October [Series b in Tablg C.2], 1987
fromp a blast furnace. Production rate is a mass of molten iron (tonnes) produced from a tap pole at one
tapping. The tap hole of-the’blast furnace is opened on the stroke of the hour and separated by 3 h intervals,
e.g.| 7:00, 10:00, 13:00;.16:00, etc. These times right on the hour are the target and sometimep there is a
delgy of a few mindtes in opening the tap hole due to the difficulty of drilling it. The tap hole is| closed just
befgre the molteriiron starts to be splashed by the inner air pressure of the furnace. The productiop rate (P,;),
silicpn (wg;) andSulfur (wg,,) contents representative to each tap are listed in Tables C.1 and C.2.
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Table C.1 — Blast furnace data — Series a

No. Poi(t) wgi(%) wegy(%) No. Poi(t) wgi(%) wegy (%)
1 1183,7 0,13 0,037 46 1091,3 0,22 0,028
2 1139,8 0,10 0,052 47 1191,6 0,23 0,026
3 952,4 0,19 0,033 48 679,0 0,34 0,018
4 12344 0,22 0,055 49 1611,1 0,32 0,016
5 491,8 0,45 0,013 50 937,0 0,18 0,030
6 949,1 0,25 0,030 51 12338 0,20 0,025
7 ool,0 0,73 0,049 42 094,0 0,70 0,030
8 13085 0,14 0,053 53 1164,7 0,22 0,021
9 795,3 0,25 0,020 54 856,5 0,31 0,021
10 11334 0,23 0,028 55 985,3 0,18 0,025
11 467,6 0,15 0,049 56 840,0 0,16 0,029
12 1158,8 0,22 0,026 57 938,7 0,14 0,028
13 1246,2 0,21 0,032 58 1010,0 0,16 0,026
14 1177,7 0,24 0,025 59 1308,1 0,19 0,023
15 943,5 0,19 0,035 60 652,2 0,34 0,019
16 1233,7 0,22 0,022 61 1109,8 0,18 0,027
17 648,9 0,15 0,045 62 9393 0,28 0,023
18 14839 0,17 0,022 63 13437,2 0,23 0,026
19 810,5 0,22 0,033 64 776,6 0,24 0,018
20 1011,2 0,25 0,017 65 654,1 0,18 0,021
21 757,9 0,19 0,046 66 1379,0 0,22 0,035
22 1101,5 0,29 0,016 67 12755 0,31 0,019
23 672,9 0,28 0,020 68 1376,2 0,25 0,028
24 1197,5 0,21 0,026 69 1023,3 0,31 0,018
25 1169,3 0,29 0(018 70 827,0 0,45 0,019
26 756,5 0,15 0,040 71 1322,0 0,26 0,025
27 806,9 0,32 0,019 72 913,3 0,34 0,015
28 906,0 0,20 0,032 73 14054 0,32 0,020
29 1179,6 0,30 0,018 74 1522,0 0,30 0,022
30 1048,1 0,19 0,042 75 926,7 0,31 0,017
31 11334 0,22 0,022 76 952,7 0,31 0,018
32 1361,2 0,18 0,038 77 884,4 0,27 0,022
33 879,4 0,25 0,023 78 996,3 0,12 0,044
34 961,5 0,19 0,032 79 1061,8 0,24 0,023
35 1196,0 0,22 0,023 80 826,0 0,40 0,018
36 999,5 0,17 0,027 81 893,3 0,40 0,018
37 1065,5 0,15 0,029 82 1130,6 0,20 0,027
38 1187,2 0,18 0,030 83 1058,0 0,20 0,034
39 957,1 0,15 0,028 84 1099,8 0,42 0,018
40 713,2 0,11 0,037 85 889,0 0,31 0,025
41 1107,5 0,20 0,023 86 946,1 0,36 0,021
42 880,7 0,13 0,045 87 1118,0 0,27 0,026
43 1534,2 0,15 0,033 88 928,1 0,36 0,018
44 942,9 0,12 0,035 89 1136,7 0,27 0,023
45 992,7 0,21 0,031 90 1605,5 0,21 0,030
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Table C.2 — Blast furnace data — Series 5
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No. Poi(t) wgi(%) wgy(%) No. Poi(t) wgi(%) wegy (%)
1 1088,1 0,32 0,023 46 10414 0,30 0,014
2 769,3 0,32 0,014 47 1188,3 0,18 0,027
3 1665,8 0,30 0,025 48 1159,7 0,17 0,022
4 1191,8 0,34 0,016 49 14238 0,24 0,026
5 1194,9 0,20 0,020 50 1262,6 0,27 0,017
6 1040,6 0,27 0,024 51 937,5 0,29 0,016

1042,2 0,70 0,027 42 040,2 0,14 0,026
g 1012,1 0,20 0,027 53 1066,8 0,21 0,020
g 1770,4 0,19 0,027 54 991,2 0,21 0,024

1p 913,4 0,32 0,014 55 985,6 0,15 0,025
1f 976,6 0,16 0,036 56 877,0 0,13 0,028
1p 1033,9 0,30 0,017 57 12014 0,27 0,017
1B 12994 0,25 0,027 58 974,9 0,23 0,023
1} 1156,7 0,37 0,012 59 1071,0 0,28 0,020
16 1260,5 0,22 0,026 60 7262 0,21 0,027
1B 940,7 0,35 0,013 61 642,6 0,20 0,021
1 14882 0,32 0,017 62 1098,2 0,18 0,022
1B 1630,9 0,22 0,019 63 11884 0,15 0,028
1p 1127,1 0,29 0,020 64 1016,9 0,20 0,023
2p 1123,2 0,14 0,035 65 911,7 0,22 0,025
2f 1087,2 0,26 0,022 66 1038,1 0,32 0,015
2p 963,2 0,18 0,022 67 746,2 0,21 0,026
2B 14469 0,25 0,019 68 12317 0,18 0,025
2 1038,7 0,16 0,027 69 1261,2 0,21 0,021
26 956,0 0,23 0,025 70 1102,5 0,28 0,022
2p 846,7 0,21 0,022 71 12223 0,19 0,030
2 732,4 0,27 0,030 72 11185 0,29 0,023
2B 1007,1 0,18 0,026 73 1051,8 0,27 0,030
2P 1039,6 0,23 0,019 74 824,0 0,24 0,020
3p 1197,0 0,19 0,021 75 1053,2 0,16 0,029
3 10931 0,20 0,025 76 12189 0,19 0,022
3p 11784 0,16 0,027 77 14491 0,22 0,026
3B {:098,7 0,16 0,026 78 888,2 0,18 0,026
3 769,4 0,12 0,028 79 1172,1 0,12 0,035
3p 10717 0,19 0,031 80 12732 0,32 0,017
36 787,6 0,22 0,023 81 1554,6 0,18 0,029
37 1035,2 0,24 0,020 82 12875 0,25 0,019
38 1017,2 0,38 0,025 83 1526,3 0,26 0,019
39 1087,0 0,35 0,014 84 12246 0,30 0,013
40 848,3 0,28 0,018 85 1370,8 0,22 0,023
41 1324,5 0,38 0,015 86 11281 0,16 0,021
42 991,1 0,35 0,014 87 10433 0,21 0,024
43 1017,5 0,28 0,018 88 952,4 0,34 0,020
44 1086,9 0,27 0,015 89 1 550,1 0,26 0,022
45 1329,2 0,17 0,031 9 1192,6 0,40 0,014
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Table C.3 gives the variogram values for series P,(a) and P,,i(b), wg;(a) and wg;(h) and wg(a) and wg(b) at
lag ¢ (¢ running from 0 to 18) are shown.

Table C.3 — Variogram values of blast furnace data

Lag ¢ Ppila) Pri(b) wg;i(a) wg;(b) wgy(a) wgy(b)
x10™4 x1074 x102 x102 x10% x104

0 0 0 0 0 0 0
1 6,618 4,448 0,398 0,336 0,922 0,326
2 4,642 3,978 0,490 0,278 0,639 0,183
3 6,590 4,922 0,537 0,410 0,875 0,327
4 4,907 3,621 0,447 0,381 0,510 0,235
5 5,870 4,601 0,436 0,500 0,710 0,340
6 3,816 3,430 0,466 0,477 0,717 0,315
7 6,494 5,589 0,451 0,466 0,695 0,286
8 4,571 4,009 0,490 0,422 0,770 0,280
9 7,150 4,037 0,520 0,512 0,611 0,332
10 5,070 4,249 0,482 0,470 0,702 0,310
11 6,275 4,915 0,469 0,435 0,648 0,299
12 4,469 4,195 0,512 0/456 0,810 0,276
13 6,696 4,526 0,464 0,406 0,533 0,285
14 5,126 3,518 0,446 0,501 0,800 0,265
15 5,897 4,664 0,497 0,404 0,646 0,287
16 4,565 5,354 0,495 0,466 0,836 0,281
17 4,880 5,170 0,517 0,476 0,677 0,308
18 5,180 4,577 0,523 0,511 0,879 0,282
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In Table C.4, correlogram values of P,i(a) and P(b), wsij(a) and wg;(h) and wg(a) and wg,(b) (x 104) at lag ¢

(¢ running from 0 to 18) are shown, indicating significance levels at 5 % and 1 %.

Table C.4 — Correlogram values of blast furnace data

Lag ¢ Pila) Pri(b) wg;i(a) wg;i(b) wgy(a) wgy(b)

0 1,000 1,000 1,000 1,000 1,000 1,000

1 -0,2562 0,103 0,344° 0,2142 —-0,030 -0,142

2 0,127 0,179 0,188 0,351 0,2662 0,358

3 -0,2282 -0,046 0,106 0,033 -0,002 -0,137

4 0,091 0,2382 0,2642 0,098 0,397 0,185

5 -0,110 0,043 0,2442 -0,183 0,152 -0,167

6 0,285 0,288 0,196 -0,117 0153 -0,071

7 -0,206 -0,173 0,197 -0,093 0,159 0,019

8 0,154 0,149 0,129 0,020 0,029 0,043

9 -0,317P 0,097 0,083 -0,178 0,2422 -0,127

10 0,075 0,029 0,137 £0,083 0,132 -0,067

11 -0,181 -0,116 0,142 0,010 0,182 -0,061

12 0,169 0,059 0,074 -0,073 -0,025 -0,010

13 -0,2372 -0,015 0,159 0,053 0,334b —-0,039

14 0,060 0,207 0,203 -0,186 -0,015 0,017

15 -0,069 -0,045 0,116 0,053 0,196 -0,052

16 0,179 -0,188 0,126 -0,109 -0,054 -0,052

17 0,092 -0,173 0,091 -0,130 0,152 -0,145

18 0,006 -0,073 0,084 -0,202 -0,118 —-0,053
@ | Significance level 5 %
b |significance level 1%
Figyres C.2, C.4 and_€.6’show variograms for P,(a) and P;(b), wsij(a) and wg;(b), and wg(a) [and wg(b),
respectively. Figures.C/3, C.5 and C.7 show correlograms of P,(a) and P;(b), wg;(a) and wg;(b) and wg(a)
and|wg(b), respectively.
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Figure C.3 — Correlogram of P,(a) and P,;(b)
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Figure C.2 shows a special movement which looks like a saw edge. Figure C.6 shows also a similar
movement, strongly for small lags. The variogram in Figure C.2 may be subdivided as follows:

Vexp(t) =V, =V, (C.3)
or

Vexplt) = (1417, (C.4)
where

V. 1S the variance of random variatiomn,

V. is the variance of cyclic variation;

V, is the variance corresponding to the amplitude of cyclic variation.

In this special case, Vexp(t) for series P,,; may be approximated using the valuestgiven in Figure €.2 with the
follgwing equation:

Vexp

=52+ (-1)*1x1,0 (C.5)
However, in general, it is not so easy to subdivide this variance into individual patterns of variation.

It is|partially assumed that the cyclic movement shown in Figure‘C.2 is caused by the starting timg of opening
of tap hole (on the hour), irrespective of the previous closing time of tap hole. However, further dinensions of
thisfmovement into physical interpretations and actions to be taken should be left to the engineg¢rs who are
working for the blast furnace operation and for the sdbsequent de-silicon (including de-sulfur)| plant. This
example is of interest in that the statistical analysis of\serial data provides useful information which cannot be
obtained using the conventional methods of statistical' analysis.

Figure C.8 shows the relationship between the variogram and the correlogram of P(a). In thig figure, the
correlogram is reflected on the axis r = + 1NThat is, it is shown as [1 - rexp(t)], and similar movements of the

graph of [1 — rexp(t)] to the variogram Vexp(t) are displayed. Between the variogram and the corrglogram, the
folldwing relationship exists:

Vexp (t) = 0 [ ~Texp ()] (C.6)

whqre Gtz is the total variance of the original series and constant.

As for the series 4ii5,(a), the variogram Vexp(t) and the graph of [1 - rexp(t)] demonstrate similar mgvements as
shown in Figure €:9.
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Figure C.9 — Relationship between Vexp(t) and [1 - rexp(t)] for wg (a)
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C.4 Thickness of paper

This application provides an example of correlated variations. Thickness of paper (um) is measured at a
constant interval (5 m) along the length of rolled-formed paper and 208 readings are provided as shown is
Table C.5.

Table C.5 — Thickness of paper

Values in micrometres

Reading 1 2 3 4 5 6 7 8 9 10
0 572 575 568 558 555 564 576 570 570 575
10 587 562 580 573 576 573 585 576 580 576
20 586 571 575 582 570 568 588 560 580 590
30 596 564 605 576 579 579 581 573 570 576
40 573 576 577 575 573 572 562 580 565 572
50 558 569 559 558 556 572 552 560 565 561
60 553 562 555 560 552 561 559 562 550 553
70 556 548 556 536 560 540 548 539 552 543
80 546 541 542 551 538 547 542 541 546 548
90 543 545 547 559 541 543 553 546 550 559
100 548 557 555 559 565 552 555 552 560 562
110 563 563 562 559 581 574 560 583 563 573
120 577 582 573 571 589 588 587 592 582 589
130 589 584 584 599 580 589 575 573 581 576
140 568 570 586 560 570 574 570 556 569 578
150 569 562 576 570 560 572 570 554 568 558
160 562 562 560 547 550 569 547 561 548 556
170 558 549 553 559 564 536 555 558 539 542
180 564 546 557 550 558 550 549 551 541 552
190 542 553 551 558 574 562 561 560 565 569
200 575 568 569 572 565 562 582 570 — —
Varfogram values and correlogram values up to lag ¢ = 25 are shown in Table C.6 and the variogfam and the
correlogram.are shown in Figures C.10 and C.11, respectively.
The correlogram shows highly significant correlation up to lag 1 =21 and significant correlation at lag ¢ = 22.

Since more than 20 successive data are correlated with each other, the serial data are subdivided into nine
groups composed of 20 successive data starting from No. 11 for convenience purposes. Single factor ANOVA
shows significant difference between groups. Confidence intervals of 95 % average values of each group are
shown in Figure C.12. Rough control of the mixer gate is observed and more frequent control of mixer gate is
suggested.
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Table C.6 — Variogram and correlogram values of thickness of paper

Lag ¢ Variogram values Correlogram values
0 0 10002
1 62,435 0,6742
2 49,638 0,7412
3 48,324 0,7492
4 48,931 0,7472
5 70,569 0,636
6 58,223 0,7012
7 64,995 0,6672
8 77,583 0,6042
9 78,638 0,6002
10 81,748 0,5862
11 90,165 0,5422
12 94,781 0,5212
13 99,928 0,4962
14 113,487 0,4292
15 117,096 0,4132
16 122,034 0,389
17 132,296 0,3372
18 137,608 0,309
19 142,077 0,2862
20 152,202 0,2332
21 154,944 0,2172
22 165,304 0,166°
23 170,103 0,144
24 183,158 0,079
25 184,011 0,077
@ Highly significant correlation.
b Significant correlation.
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Figure C.11 — Correlogram of thickness of paper
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ture in iron ores

of increments taken for the moisture determination of a lot is usually on the average around 50

il several years ago, the procedure was<te combine several increments (e.g. 5 increments)
d measure the moisture on the samples:-This has been applied as the usual procedure in mo
Is.

oisture content in iron ores has.been determined increment by increment in several steel mil
ported to steel mills A and B from the same mine, are grouped either by lumps or by fines. Va

on individual increments® from 12 vessels, consist of Lumps A (S1 to S3), Lumps B (S4 to
to S9) and Fines B(S10 to S12), are shown in Table C.7 and C.8 and are analysed hereafter.

wn in Figure:C.13. In the graph, a trend decreasing with the increase of unloaded quanti
Regression analysis of the values of moisture on the increment number shows a highly signifi
b of moisture on the increment number and the following regression is obtained:

164 — 0,008 5i

into
5t of

s in

id the loss of moisture durifig)storage. Data obtained in such a mill will be dealt with here. Data for

ues
56),
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y is
cant

-~
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i i

Wy

s the increment number;

s the mass fraction, expressed as a percentage, of moisture content on individual increments.

As the number of increments taken from a lot is varied from vessel to vessel, converting the increment number
into the unloaded ratio, the following regression equation is obtained:

W = 2,

50

164 — 0,51u

(C.8)
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where

u is the unloaded ratio.

-1:2003(E)

When the total number of increments taken from a lot is n, the unloaded ratio at the i-th increment is i/n.

Equation (C.8) is expressed in the following general form:

and

szbo"rb»lu

values of b, for each series are shown in Table C.9.

(C.9)

The
orig
that

variogram of S1 is shown in Figure C.14. In this figure, the “original series” shows the.vario,
nal series, while “without outlier No. 19” shows the variogram of the series without outlier N
the outlier pushes up the variogram of the series without the outlier.

gram of the
0. 19. Note
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Table C.7 — Moisture content of ores (%) for increments S1 to S6

No. S$1 S2 S3 S4 S5 S6
1 2,230 2,573 3,123 2,743 2,744 2,895
2 2,109 2,532 3,040 2,719 2,763 2,966
3 2,263 2,394 2,870 2,912 2,881 2,964
4 1,993 2,679 2,914 2,672 2,988 2,769
5 2,091 2,567 3,118 2,656 2,756 2,833
6 2,012 2,174 2,871 2,682 2,813 2,945
7 2,213 2,421 2,934 2,780 2,795 2,852
8 2,049 2,350 2,515 3,090 2,948 2,826
9 2,080 2,381 2,705 2,861 2,943 2,728
10 2,111 2,557 2,755 2,801 3,022 2,665
11 2,004 2,465 2,975 2,559 3,012 2,569
12 1,993 2,373 2,921 2,567 2,74 2,808
13 2,110 2,417 2,918 2,680 2,723 2,775
14 2,211 2,449 2,730 2,788 2,329 3,020
15 2,116 2,489 3,631 2,694 2,803 2,850
16 2,018 2,528 2,798 2,481 2,602 2,679
17 1,970 2,394 2,841 2,434 2,635 2,776
18 1,732 2,297 2,812 2,435 2,608 2,824
19 2,515 2,306 2,639 2,445 2,551 2,644
20 1,941 2,447 2,495 2,732 2,672 2,555
21 1,769 2,379 2,571 2,674 2,507 2,600
22 1,963 2,316 2,646 2,738 2,575 2,622
23 1,607 2,242 2,447 2,739 2,531 2,442
24 1,829 2,310 2,484 2,573 2,488 2,353
25 1,891 2,378 2,528 2,435 2,612 2,274
26 1,691 2,331 2,874 2,760 2,602 2,273
27 1,969 2,342 2,524 2,549 2,625 2,396
28 2,240 2,368 2,504 2,547 2,756 2,282
29 2,000 2,394 2,603 2,522 2,723 2,333
30 2,000 2,438 2,395 2,815 2,572 2,715
31 1,857 2,395 2,109 2,363 2,504 2,564
32 1,874 2,330 2,261 2,347 2,315 2,516
33 1,836 2,392 2,412 2,393 2,460 2,597
34 1,776 2,569 2,426 2,804 2,425 5,729
35 1,858 2,174 2,398 2,584 2,354 2,554
36 1,906 2,386 2,365 2,501 2,463 2,497
37 1,919 2,180 2,669 2,367 2,590 2,723
38 2,018 2,276 2,697 2,217 2,212 2,762
39 1,749 2,179 2,711 2,668 2,304 2,278
40 1,982 2,398 2,591 2,485 2,271 2,432
41 1,986 2,339 2,734 2,306 2,454 2,527
42 1,693 2,507 2,351 2,326 2,368 2,580
43 1643 2,281 2,551 2,076 2,117 —
44 1,889 2,144 2,297 2,136 2,165 —
45 1,898 1,999 2,269 2,701 2,157 —
46 2,003 1,999 2,510 — 1,979 —
47 1,891 2,190 2,409 — — —
438 1,849 2,201 — — — —
49 1,928 2,265 — — — —
50 1,961 2,203 — — — —
51 1,760 1,984 — — — —
52 1,734 2,239 — — — —
53 1,511 2,429 — — — —
54 1,822 2,280 — — — —
55 1,701 1,977 — — — —
56 1,592 2,141 — — — —
57 1,482 2,012 — — — —
58 1,505 — — — — —
59 1,493 — — — — —
60 1,540 — — — — —
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Table C.8 — Moisture content of ores (%) for increments S7 to $12

No. S7 S8 S9 S$10 S11 S$12
1 4,625 5,654 4,535 4,595 4,710 4,992
2 4,617 5,303 4,505 4,579 4,660 5,066
3 4,558 5,267 4,605 4,559 4,696 4,911
4 4,643 5,261 4,462 4,544 4,681 4,998
5 4,623 5,144 4,530 4,585 4,656 5,024
6 4,656 5,197 4,482 4,574 4,684 5,061
7 4,586 5,193 4,603 4,572 4,679 4,995
8 4,638 5,171 4,626 4,633 4,689 4,976
9 4,474 5,159 4,503 4,616 4,633 4,982
10 4,687 5,161 4,426 4,693 4,685 4,917
11 4,600 5,000 4,432 4,483 4,758 4,916
12 4,659 5,292 4,437 4,559 4,691 5,042
13 4,659 5,000 4,507 4,528 4,709 1,912
14 4,553 5,127 4,542 4,543 4,690 4,893
15 4,591 5,108 4,569 4,571 4,649 4,982
16 4,630 4,828 4,564 4,500 4,668 4,883
19 4,590 4,951 4,535 4,530 4,722 4,936
20 4,617 5,019 4,505 4,488 4,594 4,996
21 4,603 5,148 4,564 4,404 4,605 4,880
22 4,576 5,123 4,573 4,610 4,669 4,899
23 4,585 5,079 4,564 44474 4,615 4,992
24 4,603 4,991 4,456 4456 4,659 5,115
25 4,635 5,095 4,480 4,418 4,601 4,999
26 5,285 4,972 4,503 4,427 4,572 4,997
27 5,026 5,017 4,385 4,486 4,537 4,91
28 4,929 5,005 4,454 4,467 4,588 4,930
29 5,000 5,050 4,478 4,464 4,564 4,960
30 4,000 4,979 4,411 4,450 4,566 4,997
31 4,868 5,029 4,434 4,634 4,577 4,988
32 4,733 4,977 4,521 4,535 4,637 4,963
33 4,597 5,011 4,478 4,528 4,458 4,996
34 4,733 5,030 — 4,450 4,714 4,945
35 4,496 5,019 — 4,458 4,648 5,041
36 4,584 5,025 — 4,424 4,644 4,981
37 4,671 5,113 — 4,571 4,698 5,039
38 4,723 4,849 — 4,456 4,689 4,885
39 4,688 5,069 — 4,501 4,638 4,915
40 4,570 — — 4,544 4,627 4,866
41 4522 — — 4,390 4,659 4,699
42 4,332 — — 4,466 4,599 4,788
43 4,584 — — 4,467 4,637 4,891
44 4,557 — — 4,391 4,677 4,718
45 4,607 — — 4,405 4,647 4,969
46 4,537 — — — 4,649 4,843
47 4,534 — — — 4,515 4,907
48 4,459 — — — 4,579 4,942
49 4,571 — — — 4,553 4,945
50 4,684 — — — 4,561 4,915
51 4,548 — — — — 4,913
52 4,568 — — — — 4,937
53 4,368 — — — — 4,947
54 4,524 — — — — 4,839
55 4,320 — — — — 4,950
56 4,479 — — — — 4,818
57 4,643 — — — —
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Variogram values for series S1 to S6 and S7 to S12 are listed in Tables C.10 and C.11, and variograms are
shown in Figures C.15 to C.16 respectively. Since S1 to S6 and S7 to S12 are the same varieties of iron ores
respectively, it is important that variograms in these figures agree to some extent.

Results of statistical analysis on each series are summarized in the Table C.9. Table C.9 shows that
significant trends are observed in most of the series, and the regression slopes are all negative. The slopes
for lumps are larger than those for fines, whereas the levels of moisture content of lumps are lower than those
of fines. Consider a part of a lot corresponding to two adjacent increments as a stratum. The quality variation
within strata can be estimated from the variogram values for ¢t = 1, as shown in Table C.9.

Additional data are provided by steel mill C, which is located in an area under severe dust control regulations

for {sake™ plant. Tmporied iron ores are sprayed heavily with water during unloading. The same_v3riety of iron
as dteel mills A and B will be dealt with below. Values of moisture on increments taken from sixvesgsels, which
conpist of three vessels of lumps (S13 to S15) and three vessels of fines (S16 to S48), are shown in
Table C.12. Regression analysis, if necessary excluding outlier values, of moisture content of the increment
number shows almost none of the tendency that was observed in the data of A and B. Variogram) values are
shopvn in Table C.13. Variogram values of lag ¢t=1 are more than 10 times greater than thosg of ore not
sprayed with water. Variograms of S13 to S18 are shown in Figure C.17. Results of statistical anglysis on the
datq obtained from the mill C are also summarized in Table C.9.
Table C.9 — Summary of statistical analysis for maisture in iron ores
Regression Variogram
Kind of ore Steel mills Series No. _Number of analysis
increments vl (t=1)
by exp
A 1 60 -0,512 0,012
A 2 57 -0,36° 0,012
A 3 47 -0,372 0,016
B 4 45 -0,272 0,022
Lumps B 5 46 -0,46° 0,012
B 6 42 -0,472 0,011
c 13 48 - 0,092 0,134
C 14 54 0 0,110
C 15 50 0 0,166
A 7 57 0 0,023
A 8 40 0 0,007
A 9 33 -0,07° 0,002
B 10 45 -0,092 0,003
Fines B 11 50 -0,102 0,002
B 4 00 =0, 1T ,004
C 16 33 0 0,075
C 17 48 0 0,017
Cc 18 47 0 0,206

@ Highly significant correlation.

b Significant correlation.
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Table C.10 — Variogram values for increments S1 to S6

Lag ¢ S1 S1R® S2 S3 S3R® S4 S5 S6 S6R®
0 0 0 0 0 0 0 0 0 0
1 0,020 0,012 0,012 0,032 0,016 0,022 0,012 0,254 0,011
2 0,022 0,014 0,015 0,033 0,022 0,032 0,015 0,278 0,019
3 0,021 0,017 0,017 0,039 0,026 0,034 0,020 0,262 0,018
4 0,026 0,018 0,016 0,043 0,027 0,031 0,022 0,254 0,020
5 0,024 0,021 0,015 0,056 0,033 0,024 0,023 0,339 0,026
6 0,025 0,022 0,011 0,059 0,038 0,020 0,024 0,342 0,026
7 0,032 0,024 0,015 0,064 0,040 0,031 0,025 0,334 0,031
8 0,026 0,023 0,016 0,057 0,035 0,035 0,028 0,352 0,03y
9 0,025 0,026 0,015 0,058 0,034 0,037 0,035 0/219 0,037
10 0,030 0,025 0,014 0,050 0,032 0,036 0,038 0,218 0,04p
11 0,032 0,027 0,014 0,041 0,028 0,031 0,036 0,213 0,04p
12 0,032 0,026 0,014 0,056 0,031 0,027 0,039 0,200 0,04p
13 0,033 0,026 0,017 0,058 0,039 0,030 0,043 0,210 0,04(1
14 0,033 0,027 0,019 0,060 0,043 0,036 0,044 0,224 0,043
15 0,039 0,034 0,021 0,066 0,049 0,037 0,051 0,217 0,04p
16 0,033 0,028 0,018 0,084 0,059 0,039 0,052 0,202 0,04¢
17 0,036 0,032 0,021 0,083 0,067 0,043 0,054 0,224 0,05p
18 0,035 0,031 0,019 0,095 0,072 0,042 0,051 0,248 0,05¢

28 R after a|series numbers means “without outlier”.
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Lag ¢ S7 S7R® S8 S8R® S9 $10 S11 S$12
0 0 0 0 0 0 0 0 0
1 0,025 0,023 0,008 0,007 0,002 0,003 0,002 0,004
2 0,025 0,021 0,006 0,005 0,003 0,003 0,002 0,004
3 0,028 0,025 0,006 0,005 0,004 0,003 0,002 0,004
4 0,039 0,023 0,010 0,008 0,004 0,004 0,003 0,005
5 0,025 0,019 0,008 0,007 0,004 0,004 0,003 0,005
6 0,028 0,021 0,009 0,008 0,003 0,004 0,003 0,005
7 0,031 0,022 0,011 0,009 0,003 0,004 0,003 0,006
8 0,033 0,027 0,010 0,008 0,003 0,004 0,003 0,006
9 0,036 0,026 0,012 0,010 0,004 0,003 0,004 0,007
10 0,034 0,024 0,014 0,009 0,004 0,004 0,004 0,006
1" 0,032 0,024 0,011 0,010 0,004 0,005 0,004 0,007
12 0,031 0,021 0,017 0,012 0,004 0,005 0,004 0,006
13 0,036 0,029 0,014 0,011 0,003 0,005 0,004 0,005
14 0,040 0,029 0,018 0,015 0,003 0,005 0,004 0,007
15 0,044 0,032 0,020 0,009 0,003 0,005 0,004 0,006
16 0,041 0,030 0,017 0,012 0,003 0,006 0,004 0,006
17 0,045 0,032 0,017 0,012 0,003 0,005 0,004 0,007
18 0,041 0,028 0,019 0,012 0,003 0,005 0,003 0,006

2 |R after a series numbers means “without outlier”.
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Table C.12 — Moisture content of ores (%) for increments S13 to S18

No. S$13 S14 S$15 S$16 S$17 S18
1 3,299 3,432 3,632 5,293 5,080 6,442
2 3,451 2,585 2,885 5,363 4,897 6,184
3 2,833 3,226 3,270 5,406 5,040 5,157
4 2,708 3,049 3,051 5,368 4,949 5,036
5 3,646 2,880 2,404 5,417 4,912 5,435
6 3,231 2,964 2,592 5,837 5,125 4,995
7 2,205 2,424 2,603 5,083 4,986 5,008
8 2,763 2,403 2,320 5,002 5,074 5,230
9 3,294 2,331 2,413 5,415 5,032 6,290
10 2,423 2,402 2,570 5,467 5,016 4,942
1" 2,671 2,602 2,421 5,126 5,054 4,716
12 3,506 2,517 2,792 5,262 5,024 9,014
13 3,417 2,757 2,658 5,038 4,894 5,188
14 4,022 2,453 2,383 5,326 4,938 5,064
15 2,239 2,669 2,375 5,091 5,008 4,968
16 2,070 2,598 2,566 5,005 5,023 5,006
17 2,571 2,728 2,886 4,938 4949 4,980
18 2,520 2,440 2,919 4,942 4,923 5,057
19 2,432 2,862 3,565 4,949 4,993 4,646
20 2,707 3,018 3,484 4,894 5,235 5,205
21 2,221 2,686 3,765 4,949 5,132 5,038
22 2,166 2,777 2,500 5,008 5,099 5,031
23 2,710 2,339 4177 4,963 4,995 5,007
24 2,777 2,294 3,139 5,383 5,197 5,407
25 2,306 2,401 3,800 4,928 5,170 5,868
26 2,344 2,882 3,840 5,253 4,736 5,313
27 2,112 2,762 2,411 5,747 4,978 5,093
28 1,735 2,654 2,452 5,064 5,078 5,723
29 1,772 2,474 3,273 5,205 5,063 6,378
30 2,004 2,640 3,588 5,121 5,018 5,163
31 2,821 2,562 2,642 5,181 5,055 6,000
32 2,780 2,926 3,481 6,296 4,889 4,688
33 2,889 3,177 3,678 5,239 4,997 4,900
34 2,746 3,028 2,898 — 5,152 5,403
35 2,725 2,519 3,444 — 4,942 5,416
36 3,493 3,405 2,906 — 5,270 5,430
37 2,813 2,462 2,550 — 3,949 6,753
38 2,315 2,483 2,749 — 4,983 5,932
39 2,614 4,468 2,435 — 5,377 5,426
40 2,163 3,370 2,389 — 5,628 5,134
41 2,151 2,726 2,703 — 5,615 6,154
42 2,326 2,814 2,963 — 5,027 5,351
43 2,626 2,847 2,542 — 4,907 6,138
44 2,438 2,261 3,455 — 4,946 5,093
45 27452 2,516 3,195 — 5,015 6,058
46 2,955 2,842 3,331 — 5,257 5,094
47 2,381 2,788 3,959 — 4,820 5,086
48 2,380 2,721 3,038 — 5,014 —
49 — 3,017 3,020 — — —
50 — 2,506 3,251 — — —
51 — 2,989 — — — —
52 — 2,868 — — — —
53 — 3,069 — — — —
54 — 2,753 — — — —
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Table C.13 — Variogram values for increments S13 to S18

Lag ¢ s13 s14 s15 s16 17 s18
0 0 0 0 0 0 0
1 0,134 0,110 0,166 0,075 0,017 0,206
2 0,218 0,131 0,169 0,067 0,024 0,223
3 0,192 0,107 0,169 0,055 0,026 0,246
4 0,222 0,143 0,232 0,069 0,025 0,202
5 0,248 0,158 0,250 0,049 0,019 0,274
6 0,252 0,123 0,240 0,071 0,026 0,222
7 0,247 0,122 0,283 0,088 0,029 0,219
8 0,239 0,164 0,328 0,067 0,028 0,184
9 0,230 0,162 0,256 0,090 0,021 0,272
10 0,235 0,155 0,307 0,094 0,019 0,302
11 0,222 0,178 0,306 0,107 0,020 0,250
12 0,192 0,148 0,263 0,107 0,017 0,199
13 0,232 0,128 0,315 6,108 0,023 0,255
14 0,278 0,143 0,318 0,119 0,023 0,253
15 0,298 0,166 0,331 0,118 0,021 0,288
16 0,330 0,126 0,345 0,127 0,016 0,238
17 0,302 0,119 0)341 0,106 0,019 0,290
18 0,252 0,141 0,347 0,084 0,022 0,362
3

0,100 |
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25 30
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C.6 Size distribution and moisture content in iron ores

In C.5, a decrease in moisture with an increasing increment number of iron ores is observed in most cases
with especially sharp decreases in lump ores. In order to find out the cause of these trends, paired data of
moisture content and size distribution of six vessels loaded with lump ores of the same variety are collected.
In this survey, increments are taken at half of the routine interval by systematic sampling on a mass basis.
Odd numbered increments are used for the determination of the moisture content, while even numbered
increments are used for the determination of the size distribution. Obtained data are shown in Table C.14,
where w,,, denotes moisture, expressed as a percentage by mass, and wg denotes the size distribution
(fraction of iron ore with particle sizes below 6 mm).

of moisture content for size distribution are analysed. Size distributions are expressed as thé fragtion of iron
ore|with particle sizes below 6 mm. Results of statistical analysis on these series are-sumpmarized in
Table C.15. Variogram values are calculated on moisture content and size distribution, ag shown in
Tables C.16 and C.17. Variograms of moisture content and size distribution are shawn in Figures C.18 and
C.19, respectively.

Redressions of the moisture content and the size distribution for the increment number as well asanressions
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Table C.14 — Moisture content (%) and size distribution (% fraction < 6 mm) for increments S19 to S24

N $19 S20 S21 S22 S23 S24
o.

"m Wst Ym Wst "m Wst "m Wst Ym Wst "m Wst
1 2,573 | 12,606 | 3,123 | 2,863 | 11,965 | 2,863 | 2,586 ([ 18,235 | 2,430 | 21,843 | 2,74 9,85
2 2,532 | 14,046 | 3,040 | 2,704 | 12,244 | 2,704 | 2,521 | 13,347 | 1,936 | 25,294 | 2,76 11,30
3 2,394 | 12,500 | 2,870 | 2,610 | 11,173 | 2,610 | 2,723 | 15,169 | 2,384 | 11,764 | 2,88 10,72
4 2,679 | 9594 | 2914 | 2,681 | 12,796 | 2,681 2,517 | 13,773 | 2,152 9,973 2,99 15,90
5 2,567 | 6,315 | 3,188 | 2,604 | 10,887 | 2,604 | 2,377 | 12,361 | 2,466 | 7,455 2,76 12,06
6 2,174 | 7,331 2,871 2,497 | 6,934 | 2,497 | 2,588 | 18,433 | 2,444 8,806 2,81 11,59
7 2, 0,001 2,954 2,001 0,920 2,001 2,491 13,191 2,445 o,/Uf Z,0U 16,03
8 2, 10,728 | 2,515 | 2,570 | 9,090 | 2,570 | 2,365 | 14,143 | 2,307 | 6,117 2,95 13,87
9 2, 8,823 | 2,705 | 2,776 | 10,114 | 2,776 | 2,398 | 12,828 | 2,294 | 18,449 | 2,94 1518
10 2, 9,146 | 2,755 | 2,739 [ 11,567 | 2,739 | 2,651 6,692 | 2,558 | 6,020 3,02 13,32
11 2, 10,697 | 2,975 | 2,548 | 6,933 | 2,548 | 2,403 | 18,534 [ 1,965 | 13,192 3,01 1445
12 2, 12,078 | 2,921 2,638 | 8,146 | 2,638 | 2,525 | 15,957 | 2,247 | 22,743 |[*(2,77 15,34
13 2, 11,397 | 2,918 | 2,622 | 14,598 | 2,622 | 2,502 | 14,470 | 1,813 7,853 2,72 1233
14 2, 8,872 | 2,730 | 2,613 | 6,470 | 2,613 | 2,230 | 6,231 2,002 | 6,084 3,33 13,62
15 2, 10,272 | 3,631 2,437 | 4910 | 2,437 | 2,262 | 11,548 | 2,107 |-10,810 [ 2,80 12,03
16 2, 8,085 | 2,798 | 2,471 3,448 | 2,471 2,588 | 10,516 | 2,116 9,023 2,60 13,27
17 2, 10,119 | 2,841 2,851 9,819 | 2,851 2,469 | 7,536 | 2,074 {17,785 | 2,64 7,67
18 2, 4,680 | 2,812 | 2,544 | 7,784 | 2,544 | 2,348 | 14,114 | 1,989 | 10,424 | 2,60 11,97
19 2, 5,128 | 2,639 | 2,564 | 10,204 | 2,564 | 2,332 5,090 1,913 5,741 2,55 9,00
20 2, 10,714 | 2,495 | 2,656 | 9,202 2,656 | 2,165 | 10,762 ,~2,062 | 6,862 2,57 10,43
21 2, 11,974 | 2,646 | 2,589 | 6,115 | 2,589 | 2,232 | 4,815 2,155 | 6,854 2,51 10,67
22 2, 6,896 | 2,447 | 2,670 | 7,391 2,670 | 2,237 | 9,833 | 2,141 6,034 2,58 8,88
23 2, 7,162 | 2,484 | 2,566 | 5,042 | 2,566 | 2,046 16,949 | 2,378 9,795 2,53 8,39
24 2, 5,023 | 2,528 | 2,506 | 8,043 | 2,506 | 2,5487| 8,385 | 2,432 | 4,954 2,49 7,62
25 2, 5544 | 2,874 | 2,610 | 8,695 | 2,610 | 2,840 | 7,575 | 1,901 6,637 2,61 6,95
26 2, 4,516 | 2,542 | 2,765 | 16,560 | 2,765 | 2,722 | 4,469 1,939 7,848 2,60 1797
27 2, 4,871 2,504 | 2,441 | 11,326 | 2,441 2,326 | 7,079 1,826 8,787 2,63 9,09
28 2, 3,614 | 2,603 | 2,397 | 5,389 | 2,397| 2,290 | 3,562 1,809 7,692 2,76 6,56
29 2, 7,908 | 2,395 | 2,931 2,764 | 2,931 2,313 | 12,121 | 1,729 | 6,591 2,72 7,18
30 2, 7,808 | 2,109 | 2,896 | 4,304 [\/12,896 | 2,588 | 15,300 | 1,680 [ 8,158 2,57 6,74
31 2 3,719 | 2,412 3,871 6,578 3,871 2,459 | 13,533 | 2,156 5,384 2,50 5,49

32 2174 | 5,291 | 2,426 | 2,823 | 3,484 2,823 | 2,674 | 7,077 | 1,947 [ 12,703 | 2,32 5,10
33 2,386 | 3,977 | 2,398 | 3,432 (,2,380 | 3,432 | 2,547 | 7,155 | 1,648 | 6,230 2,46 9,63
34 2,180 | 6,788 | 2,365 | 2,611 46,578 | 2,611 | 2,517 | 14,742 | 1,386 | 5,276 2,43 6,68
35 2,276 | 2912 | 2,559 | 3,498 )| 0,800 | 3,498 | 2,556 | 7,730 | 1,895 | 19,458 | 2,35 7,87
36 2179 | 2,836 | 2,697 | 3,245 | 2,222 | 3,245 | 2,403 | 6,796 | 1,788 | 7,950 2,46 7,16

37 2, 2,811 | 2,711 |(3)588 | 2,727 | 3,588 — — 1,699 | 4,359 2,59 6,86
38 2, 4,699 | 2,591“1)4,574 | 11,818 | 4,574 — — 1,695 | 4,249 2,21 9,42
39 2, 3,676 | 2,784y 2,917 | 16,772 | 2,917 — — 1,913 | 5,357 2,30 8,45
40 2, 6,527 |,2,351 | 2,540 | 1,785 | 2,540 — — 2,249 | 7,762 2,27 519
41 2,144 | 4,407 [\2;551 | 2,598 | 2,659 | 2,598 — — 2,101 | 7,829 2,45 4,99
42 2190 | 2,739, 2,397 | 2,174 | 3,278 | 2,174 — — 1,813 | 5,555 2,37 6,47
43 1,999 | 4,000/ | 2,269 | 2,502 | 9,696 | 2,502 — — — — 2,12 6,26
44 2, 2,447 | 2,510 | 2,539 | 7,446 | 2,539 — — — — 2,17 9,42
45 2,24657\.6,229 | 2,409 | 2,334 | 6,341 | 2,334 — — — — 2,16 7,49
46 2, 10,666 — 2,378 | 6,748 | 2,378 — — — — 1,98 8,62
47 1,984 | 3,902 — 2,640 | 5,056 | 2,640 — — — — — —
48 2,239 | 4,332 — 2,849 | 3,401 | 2,849 — — — — — —
49 2,429 | 11,337 — 2,533 | 4,511 | 2,533 — — — — — —
50 2,280 | 13,151 — 2,475 | 4,761 | 2,475 — — — — — —
51 1,977 | 4,310 — 2,441 1,785 | 2,441 — — — — — —
52 2,141 | 3,954 — 3,120 | 0,626 | 3,120 — — — — — —

53 2,012 | 7,051 — — — — — — — — — —
54 2,569 | 2,564 — — — — — — — — — —
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Table C.15 — Summary of statistical analysis for increments S19 to S24

Series No. ?;LT::::;:: Outlier Regressions Vexp (t=1)
Wm Wsf Wm —1! Wef ~ 1 — Wef Wm Wsf
S19 54 0 0 —a —a +b 0,016 4,622
S20 45 1 0 —a —b 0 0,034 7,142
S21 52 1 0 0 —a 0 0,096 8,273
S22 36 0 0 0 —a 0 0,020 14,289
S23 42 5 4 2 2 g 5:633 19,242
S24 46 0 0 —a —a +8 0,015 4,762
wn,| is the mass fraction, expressed as a percentage (%), of moisture;
wet | is the fraction of iron ore with particle sizes below 6 mm.
i is the increment number.
@ | Highly significant correlation.
b Significant correlation.
Table C.16 — Variogram values of moisture content'for increments S19 to S24
Lag ¢ S19 S20 S$21 S22 S23 S24
0 0 0 0 0 0 0
1 0,016 0,034 0,096 0,020 0,033 0,015
2 0,017 0,034 0,105 0,020 0,038 0,021
3 0,019 0,040 0,142 0,024 0,048 0,020
4 0,016 0,044 0,162 0,025 0,044 0,022
5 0,015 0,060 0,155 0,026 0,049 0,026
6 0,016 0,056 0,175 0,020 0,061 0,028
7 0,019 0,067 0,175 0,025 0,055 0,034
8 0,017 0,055 0,210 0,025 0,056 0,035
9 0,044 0,059 0,221 0,026 0,048 0,045
10 0,015 0,037 0,243 0,033 0,071 0,043
11 0,016 0,054 0,254 0,038 0,065 0,041
12 0,018 0,059 0,245 0,041 0,066 0,048
13 0,018 0,059 0,254 0,034 0,066 0,051
14 0,021 0,065 0,238 0,025 0,058 0,046
15 0,019 0,085 0,200 0,030 0,059 0,054
16 0,020 0,076 0,185 0,028 0,054 0,060
17 0,022 0,089 0,175 0,036 0,057 0,065
18 0,024 0,091 0,182 0,034 0,075 0,069
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Table C.17 — Variogram values of size distribution for increments S19 to S24

Lag ¢ s19 S20 S21 S22 s23 S24
0 0 0 0 0 0 0
1 4,622 7,142 8,273 14,289 19,242 4,762
2 7,297 7,257 13,739 15,689 23,312 4,980
3 6,693 8,041 15,001 16,430 19,360 5,167
4 6,414 10,029 12,404 16,357 26,790 5,376
5 7,178 8,421 11,341 12,479 20,857 5,538
6 7,091 9,407 13,438 17,028 22,840 6,375
7 6,940 7,722 12,358 10,500 25,784 5,863
8 6,726 6,227 13,612 18,821 19,231 6,733
9 5,264 7,545 16,007 18,471 21,019 7,806
10 6,394 9,316 17,775 17,994 17,724 7,881
11 7,342 8,996 16,070 12,758 19,784 7,996
12 7,345 9,156 12,561 14,314 24,406 7,706
13 8,150 9,736 12,954 26,553 24,739 9,732
14 9,781 10,081 14,041 18,035 20,668 9,973
15 10,185 8,542 13,968 24,037 17,418 11,249
16 10,100 6,340 12,958 21,422 21,631 12,257
17 9,494 4,824 10,605 19,795 25,140 11,569
18 9,945 7,389 12,154 20,286 23,557 12,213
:%
3
ofs00 [
01300 -
0,200
0(100.
0,000 '
0 5 10 15 20 25 30

Lag ¢

Figure C.18 — Variogram of moisture content for increments S19 to S24
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Figure C.19 — Variogram of size distribution for increments S19 to S24

Trends in iron ores

.1 Collection of data

iron ores, quality variations within strata determined by taking two increments from each
Cked periodically by mass-basis*systematic sampling in accordance with 1ISO 3084 (see refer
ography). The survey method is interpenetrating sampling as described in 7.3. Quality varia
e variety of iron ore as_inC.5 and C.6 imported over a recent decade are collected and summ
survey. The format of'\the original data is shown in Table 5 in 7.3 and repeated for convenieng
pble C.18. Data collected for lumps and fines are summarized in Table C.19.

Lag

stratum are
ence [16] of
ions on the
arized from
e purposes
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Table C.18 — An example of interpenetrating sampling
Total iron content
No. of part A B Average Range
1 65,37 64,36 64,865 1,01
2 64,82 64,82 64,82 0
3 64,81 65,10 64,955 0,29
4 64,96 65,06 65,01 0,10
6 65,34 65,22 65,28 0,12
7 65,54 65,80 65,67 0,26
8 65,41 65,34 65,375 0,07
9 65,16 65,22 65,19 0,06
10 65,34 65,69 65,515 0,35
Averpge 65,19 0,23
Okt 0,35
Total iron congent:
—  Method]3 x2x 10
— Steelml|ll: G
—  Date:1985-05-19
— Tonnage: 97 101 t
C.7.2 Size¢ distribution

Except for IL04 for which the fraction of iron ofe with particle sizes below 8 mm is determined instead of th

ose

below 6 mm used usually, L08 for which a size determination is not included and L10 for which 12 parts| are
included. Other lump series in Table CA9-include the same pattern of experiments for the fraction of particle
sizes below 6 mm, which contains 10-parts, each of which contains two composite samples, regardless of the
fact that each composite sample eontains a different number of increments. Accordingly, the remaining hine
lots will all|be analysed together--Each data value for composite samples, xgc, can be expressed by| the
following equation:

xgc =|u+ fBv + [BR.* fBC (Q.10)
where

U stthe population mean;

fgy is the variation between vessels;

fgp is the variation between parts in a vessel;

Jfgc  is the variation between composite samples within a part.
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Table C.19 — Summary of survey of quality variations

Lot number Mass of lot Applied method Intervals Surveyed
characteristics

t t

LO1 69 597 2x2x10=40 1740 Wep Weg
L02 74141 5x2x10=100 741 Wep, Wie

L03 77749 5x2x10=100 777 Wep, Wie

Lo4 60-820 321050 1014 S

LO5 144 583 3x2x10=60 2410 WM Weo
L06 135 626 4x2x10=80 1695 Wt Whns Wee
Lo7 93 884 3x2x10=60 1565 Wy Whns Wee
L08 78334 3x2x10=60 1306 Fo

L09 97 101 3x2x10=60 1618 Weel Wee

L10 50 532 4%x2%x2=96 526 Weps Whns Wee

L11 111 132 3x2x10=60 1852 Weps Whns Wee
L12 90 892 5x2x10=100 909 Weps W Wee
f01 149 081 3x2x10=60 2485 o

f02 109 759 4x2x10=80 1372 Wty Wins Wes Weis W
f03 44 467 2% 2 x 10.£40 1112 Werl Wee

f04 55725 3x2x10=60 929 o

f05 120 073 4:X2x 10 =80 1501 Wep Wy W Weio Wiy
f06 103 051 3x2x10=60 1718 Wee

fo7 66 691 2x2x10=140 1667 Wod Weo

fo8 103 956 3x2x10=60 1733 o

f09 102 398 3x2x10=60 1707 Wep W Weg

f10 60418 4x2x10=80 755 Weps Whns W
f11 30 130 4x2x11-88 342 Weps Whns W

f12 31446 2x2x12=48 655 Wepy W Wee

L | designates samples of lumps followed by the lot number;
f designatessamples of fines followed by the lot number;
is the size distribution (fraction (%) of particle sizes > 6 mm for lumps and < 6 mm for fines);

w_ | is the;mass fraction, expressed as a percentage (%), of moisture;

is-the mass fraction, expressed as a percentage (%), of total iron content;

is the mass fraction, expressed as a percentage (%), of SiO,;

wp is the mass fraction, expressed as a percentage (%), of Al,O,.
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In this case, the number of vessels is nine, the number of parts is 10 and the number of composite samples is

two. An ANOVA table is shown in Table C.20.

Table C.20 — ANOVA on survey data of quality variation

Sums of Degrees of
Sources Mean squares Expected mean squares
squares freedom
Vessels Sgy v—1 Sav/fav O'éc + caép + pcaé\/
Parts Sgp vp 1) Seplfap ofc +codp
Composite gamptes ST rrfe—H Sectfac & gb
Total S vpe — 1
Table C.21 [is obtained by substituting numerical values.
Table C.21 — ANOVA on size distribution of lumps
Sums of Degrees of
Sources Mean squares Expected mean squares
squares freedom
Vessels 572,14 8 71,52 oBc +208p +2008y
Parts 1 289,59 81 15,92 o8 +208p
Composite §amples 153,82 90 H71 aéc
Total 2 015,55 179
Equating the equations in the column of the expected mean squares to observed variances, respectiyely,
gives
G8c +R68p +2068, =71,52
~2 ~ _
OBC +205p —15,92
G8c =[1,71
then,
580 =[1,71
68p =[7,11
S8y =278

are obtained and it is observed that the variation between the parts in a vessel is the largest variance
component.
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fines data of five vessels including f02, f03, f05, f09 and f10 are shown in

Table C.22.
Table C.22 — ANOVA on size distribution of fines
Sources Sums of Degrees of Mean squares Expected mean squares
squares freedom
Vessels 462,65 4 115,66 oBc +208p +2008y
Parts 142,83 45 317 o8 +208p
Compesite-samples 52-59 50 405 B
Total 658,07 99

Thel variance components are estimated as follows:

68c =1,05
G8p =1,06
58y =5,62

The between-vessels variance component is the largest.

Thel regression of the size distribution on the unloaded ratio is calculated for each vessel. The unjoaded ratio
is ekpressed as the ratio of the number of parts to anvindividual part relative to the total parts. Suppose the
total parts equal to one, the slope of the regression indicates the difference between the fraction pgrcentage at
the ptart of unloading and that at the end of unloading. Slopes of regression of size distribution afe shown in
Table C.23. In Table C.23, the variances, o“-éc and &ép , obtained by ANOVA for each vessel ar¢ shown.
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Table C.23 — Slopes of regression for size distribution

Lot No. Slope 58c 58
LO1 -11,8952 3,122 13,19
L02 -7,0582 1,936 4,57
L03 -4,1502 0,717 2,30
LO5 -11,4682 1,996 12,29
L06 —6,6842 0,742 5,00
Lo7 -9,3732 2,205 8,88
L09 -6,3712 2,878 8,54
L10 -9,9242 0,879 9,83
L11 —7,0982 0,547 4,63
L12 -5,3182 1,239 4,56
f02 +1,7128 0,437 0,159
f03 +2,69 0,599 3,314
fo5 +1,14 0,647 0,428
f09 -0,06 2,494 0,992
f10 -1,86° 1,082 0,413
11 +1,55 1,911 0,250
f12 +1,852 0,271 0,551

b

@ Highly significant correlation.

Significapt correlation.

C.7.3 Moisture

Results of A

NOVA on moisture of lumps;jincluding L05, L06, LO7, L11 and L12, are shown in Table C.24.

Table C.24 — ANOVA on moisture of lumps

Sums of Degrees of
Sources Mean squares Expected mean squares
squares freedom
Vessels 0,44 4 0,11 o8 +208p + 2008y
Parts 5,91 45 0,13 oéc+208p
Composite gamples 1,20 50 0,02 aéc
Total 7,55 99

Equating the equations in the column of expected mean squares to observed variances, variance components
are estimated as follows:

&8¢ =0,02
68p =0,055
~2

OBy =0
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Results of ANOVA on moisture of fines, including f02, f05, f07, f09 and 10, are shown in Table C.25.

Table C.25 — ANOVA on moisture of fines

Sums of Degrees of
Sources Mean squares Expected mean squares
squares freedom
Vessels 3,43 4 0,86 oBc +208p +2008y
Parts 0,66 45 0,01 cBc+208p
Coerosite samples 0,34 50 0,01 aéo
Total 4,43 99
Thel variance components are estimated as follows:
6gc =0,01
68p =0
58y =0,04
Thel variation between vessels is the largest variance component.
The| regression slopes, &BZC and &ép of moisture are shown in Table C.26.
Table C.26 — Slopes of regression for moisture
Lot No. Slope F8¢c 68p
L05 +0,061 0,074 0,014
LO6 -0,181 0,004 0,012
LO7 -0,4552 0,007 0,05(
L10 +0,032 0,006 0,01
L11 +0,7312 0,032 0,104
L12 -0,9152 0,003 0,084
f02 +0,022 0,004 0,006
fO5 +0,076 0,006 0
f07 -0,3362 0,011 0,011
09 +0,030 0,004 0
f10 +0,011 0,009 0
11 +0,110 0,025 0,278
f12 -0,2872 0,003 0,010
@ Highly significant correlation.
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C.7.4 Total iron content

Results of ANOVA for the total iron content of 10 vessels of lumps, excluding L04 (regarded as different type
of ore) and L10 (different number of parts), are shown in Table C.27.

Table C.27 — ANOVA on total iron content of lumps

Sums of Degrees of
Sources Mean squares Expected mean squares
squares freedom
Vessels 21,98 9 2,44 oBc +208p +2008y
Parts 9,89 90 0,11 o8 +208p
Composite §amples 8,43 100 0,08 aéc
Total 40,30 199

The estimate of the variance components are:

&8¢ =[0,08

68p =[0,015

58y =[0,1165
BV )

The variatign between vessels is the largest variance component.

The ANOVA results of on total iron content of 10 vessels of.fines, excluding f11 and f12 (both have a diffgrent
number of parts), are shown in Table C.28.

Table C.28 — ANOVA/on total iron content of fines

Sums of Degrees of
Sources Mean squares Expected mean squareg
squares freedom
Vessels 25,20 9 2,80 o8 +208p + 2008y
Parts 5,74 90 0,06 oéc+208p
Composite gamples 2,70 100 0,03 aéo
Total 33,61 199

The estimate of the variance components are:

&8¢ =[0,08
68p =0,015
58y =0,137

The variation between the vessels is the largest variance component.

The regression slopes of total iron content are shown in Table C.29. The data for L07 and L11 are from the
same steel mill D and show negative regressions. Bulldozers are usually used at the latest stage for unloading
a vessel for quick discharge of iron ore. Mill D was suspected of using bulldozers at an earlier stage for
unloading, thus resulting in smaller particles being segregated to the top part of the ore pile in the hold of the
vessel at loading and then became mixed with the remainder of the pile.

72
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Table C.29 — Slopes of regression of total iron content

Lot No. Slopes 58c 58
LO1 + 0,455 0,116 0,004
L02 +0,658?2 0,040 0,042
LO3 + 0,344 0,073 0,044
L04 +0,8682 0,005 0,083
LO5 +0,573 0,289 0
LO7 -0,140 0,083 Q
LO8 +0,8492 0,098 0,033
L09 +0,7632 0,066 0,047
L10 + 0,066 0,048 0
L11 -0,231 0,044 0,002
L12 -0,102 0,020 0,019
f01 +0,395b 0,023 0,039
f02 -0,226° 0,021 0,003
f03 +0,432 0,070 0,062
fo4 -0,128 0,007 0,002
fo5 -0,122 0,014 0
f06 —-0,4418 0,019 0,029
fo7 - 0,045 0,022 0,003
f08 -0,249 0,041 0,026
f09 + 0,050 0,023 0,029
f10 +0,050 0,030 0
f11 — 0,360° 0,018 0,009
f12 +0,113 0,022 0
P Highly significant correlation:
b Significant correlation.

C.7/.5 Bias in sampling of iron ore

Trends of size/distribution (fraction less than 6 mm fraction) are estimated as minus 12 % at maximum for

lumps, and-minus 2 % for the fraction of fines less than 6 mm (in Table C.23, about plus 2 % for|the fraction

greTter than 6 mm).

Trends of moisture are not clear from Table C.26. However, from Table C.9 they are estimated to be, at least,
less than 1,0 % for lumps and less than 0,3 % for fines.

Trends of total iron content are estimated as less than plus 1,0 % for lumps from Table C.29, while any
tendency cannot be observed for fines from the same table.

In the case of maximum trend, i.e. minus 12 % of size distribution for lumps, a possible bias introduced by
mass-basis systematic sampling of 50 increments will be 12/(2 x 50) = 0,12 % for fraction less than 6 mm.
Similarly, a possible bias for moisture and total iron content will be 1,0/(2 x 50) = 0,01 %.These possible
biases caused by the trends are negligible compared with the overall estimation standard deviations of the
average value of the quality characteristic assessed in the lot.
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Annex D
(normative)

Estimating precision

D.1 General

This anneX gives experimental procedures and practical applications for estimating precision achig
through rogtine sampling, sample preparation and measurement. The precision achieved through)Tol
sampling, gample preparation and measurement should be checked periodically by performing/dupli
sampling. YWhen the routine sampling method (including sample preparation and measurement) is
established|or changed or when a considerable time has passed since the last check, the experiment sh
be carried put. This experiment should preferably be included in the respective International Standarg
sampling from particular bulk materials.

Routine sampling from bulk materials is frequently carried out by mass-basissystematic sampling. W
mass-basis| systematic sampling is applied to particulate materials, note that routine sampling is carried
according tp one of the following designs:

— Design| 1: A lot is subdivided into u,; sub-lots, all the increments taken from each sub-lot are aggreg
into uJ; gross samples and u, test samples are prepared and analysed separately. The weig

ved
tine
Cate
first
buld
for

hen
out

hted
hted

averagg of the test results by mass of sub-lots is the estimated average value of the quality characteiistic

assessed in the lot. When the mass of the lot is less than.the stipulated mass in subdivision criteria
lot canhot be subdivided into sub-lots. In this case, all_the increments taken from the undivided lot
aggregiated into a gross sample, a test sample is prepared from the gross sample and the test samp
analyse¢d. The result of the analysis is the estimated.average quality of the lot.
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from tHe samples and analysed separately."TFhe weighted average of the test results by the numb
incremgents aggregated into the samples-is the estimated average value of the quality characte
assessed in the lot. Equal numbered increments are usually aggregated into the samples.

— Design|2: Several increments taken from a lot-are aggregated into samples, test samples are prep;red

— Design|3: All the increments taken from a lot are measured increment by increment (after preparatid
necesgary). The estimated average of the test results is the average quality of the lot.

Every one ¢f the above procédures gives the estimated average value of the quality characteristic assesss
the lot, with different pregision according to the design. The precision achieved can be checked by dupli
sampling.

In the case|of timé&=basis systematic sampling, the procedures of Design 1 are allowed but the procedurg
Designs 2 gnd.3 cannot be applied due to proportional variation of the increments to the flow rate.
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D.2 General conditions

D.2.1 Number of experiments

Experiments on no less than 20 lots of the same material should preferably be carried out. When experiments

on no less than 20 lots are not feasible, experiments on at least 10 lots should be carried out.
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