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INTERNATIONAL STANDARD

1SO 3081-1986 (E)

Iron ores — Increment sampling — Manual method

1 Scope

This Interhational Standard specifies manual methods of incre-
ment sampling on a consignment of iron ore for the purpose of
determining the quality characteristics of the consignment, and
includes

a) the underlying theory;
b) thE basic principles;

c) the basic requirements for the device and its operation.

NOTE — The theory and basic principles given in this International
Standard are similar to those given in ISO 3082 and I1SO 3083.

2 Field of application

The methods are applicable to the sampling of all iron,dres,
whether natural or processed (for example, concentrates and
agglomerates such as pellets, sinters or briquettes}, to obtain
samples for the determination of particle size distribution,
moisture tontent, chemical composition, and physical proper-
ties.

The methods are applicable to the taking of samples of iron
ores from| conveyors, railway wagons, or containers (including
trucks), ships and stockpiles, during bunker discharge or during
the Ioadii'g or discharging of a‘consignment in cases where
manual sgmpling can be carried out safely.

3 References

1SO 3082 |/rortores — Increment sampling and sample prepara-
tion — MFchanica/ method. 1)

4 Definitions

For the purpose of this International Standard, the following
definitions apply:

4.1 lot: A definite quantity of an ore, processed or produced
under conditions which are presumed uniform.

4.2 consignment: A quantity of an orel delivered at one
time. The tonsignment may consist of one olmore lots or parts
of lots:

4.3 increment: A quantity of an ore taken by a sampling
device at one time from a consignment.

4.4 increment sampling: The process in ampling whereby
a sample is taken by combining a number of jncrements from a
consignment and intended to represent the ponsignment.

4.5 manual sampling: Sampling by hyiman effort with
sampling devices, including mechanically asgisted devices.

4.6 subsample:

(1) A quantity of an ore consisting of two dr more increments
taken from a consignment.

(2) An aggregation of two or more incremgnts each of which
may have been individually crushed and/or divided as
necessary.

4.7 gross sample:

»
T

ISO 3083, /ron ores — Preparation of samples — Manual
method.

ISO 3084, /ron ores — Experimental methods for evaluation of
quality variation.

ISO 3085, /ron ores — Experimental methods for checking the
precision of sampling.

1SO 3086, /ron ores — Experimental methods for checking the
bias of sampling.

1) At present at the stage of draft.

- ™ . .
Fhe—quantityof-anore—consistingof—all the increments

\
taken from a consignment.

(2)  An aggregation of all the increments or all the subsamples
each of which may have been individually crushed and/or div-
ided as necessary.

4.8 test sample: Any sample, for the determination of size
distribution, moisture content, chemical composition or other
physical properties, which is prepared from each increment,
each subsample, or from the gross sample in accordance with
the specified method for that type of sample.
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4.9 maximum particle size: The particle size expressed in
terms of the size of opening of the sieve on which approxi-
mately 5 % (m/m) of iron ore is retained.

NOTE — The maximum particle size of the consignment shall be ascer-
tained either from past experience or by experiment. However, if no in-
formation is available, visual estimation is acceptable.

4.10 stratified sampling: For a consignment which can be
divided into strata, sampling carried out in such a way that
specified numbers of increments in proportion to the mass of
each stratum are drawn from each stratum.

e) determine the minimum number of increments to be
taken from the consignment, in the cases of systematic and
stratified sampling; in the case of two-stage sampling,
allocate the wagons or containers to be selected to the en-
tire consignment and the increments to be taken to the
points of the wagons or containers selected;

f} determine the interval of taking increments in the case
of systematic sampling and stratified sampling or the inter-
val of selecting the wagons or containers on a mass basis;

g) determine the point of sampling and the methéd of
taking increments;

In this Internatiopal Standard, the method can be applied to
sampling from ships, and to sampling from wagons or con-
tainers.

NOTE — A stratunj is part of a consignment partitioned according to
specific criteria.

4.11 systematic sampling: Sampling in which increments
are taken from a [consignment at regular intervals.

When a mass ifterval is adopted, it is called systematic
sampling on a];mass basis, and when a time interval is
adopted, it is called systematic sampling on a time basis.
The theory of systematic sampling is based on that of stratified
sampling and is|applied, in this International Standard, to
sampling from cdnveyors and from bunker discharge.

4.12 two-stage sampling: Sampling by which primary
sampling units arp selected first from a consignment and then
secondary samplihg units are taken from those selected primary.
sampling units. '

In this Internatiopal Standard, the method can be applied to
sampling from wdgons or containers in which a certain number
of wagons or corjtainers are selected first as primary sampling
units and then jncrements are taken from .those selected
wagons or contaLers as secondary samplihg’ units.

5 General procedures formanual sampling

Sampling shall e carried out while a consignment is being
transferred.

The general sam‘)ling procedure shall be as follows:

h) take increments having almost uniform mass|during the
whole period of handling the consignment.

Increments taken by this International ‘Standard shall be
prepared in accordance with ISO 3082Cor ISO 3083,

6 Fundamentais of sampling

6.1 Overall precision

This International Standard is designed to attain [an overall
precision, ﬂSDM, as given in table 1, at a probabigry level of
95 %, with respect to the mean values of the total irgn content,
moisture content and size fraction of a consignment.!
However, (the overall precision may be agreed upop between
the interested parties.

The,overall precision of an intermediate mass of consignment
other than those shown in table 1 may be obtained by linear in-
terpolation. ’

Variations from the other tables in this International Standard
may be made, provided it can be demonstrated that [the overall
precision limits given in table 1 can be met. Thg precision
should be determined in accordance with 1SO 3085

Generally, for chemical elements other than total iron, the
values of overall precision will be smaller than thgse for the
total iron content specified in table 1.

The overall precision, fgpy, is @ measure of the cqmbined
precision of sampling, sample division and measurement, and
is twice the overall precision in terms of standard|deviation,
aéDM, expressed as an absolute percentage, i.e. '

_ _ ‘/2 2, 2
Bspm = 205py = 2 |/ 05 + 05 oy

a) identify the consignment or part of the consignment to
be sampled;

b) ascertain the maximum particle size of the consign-
ment; .

c) determine the mass of increment according to the maxi-
mum particle size;

d) ascertain the classification of quality variation of the
consignment (see 1SO 3084);

whar
YWOTC

og is the precision of sampling in terms of standard
deviation;

o, is the precision of sample division in terms of standard
deviation;

oy, s the precision of measurement in terms of standard
deviation.

1) The overall precision of physical properties will be added to table 1 in the future.
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Table 1 — Overall precision, B4

Values as absolute percentages

Approximate overall precision, BSDM
Mass of consignment (t)
Quality characteristics 270 000 70 000 15 000 Up to and
to to to including
210 000 45 000 5 000 500
Total iron content + 0,35 + 0,4 + 0,6 + 1,0
Moisture content + 0,35 + 0,4 + 05 + 1,0
—200 mm ore ~10 mm fraction, mean 20 % +35 + 4,0 + 5,0 + 10,0
- i Ore
Size —31,5 +6,3 mm sized ore ~6,3 mm fraction, mean 10 % + 175 +20 o + 5,0
Singter feed + 6,3 mm fraction, mean 10 %
Pellet feed —45 um fraction, mean 70 % +07 +08 + 1 + 20
Pellets -5 mm fraction, mean 5 %

Table 2 — Minimum mass of increment

Maximum particle size (mm) Minimum mass of increment
Over Up to and including {kg)
150 250 190
100 150 40

50 100 12

2,4 50 4

10 2,4 0.8

10 03

- 6.2 Mingimum mass of increment

6.2.1 Thp mass of each.increment shall be as specified in
table 2 acfording to the maximum particle size of a consign-
ment.

6.2.2 The increments shall be taken in such a manner as to
ensure that they are of almost uniform mass. The “‘almost
uniform mass”_means that the variation in mass shall be less

6.3.1 In the case of systematic sampling ahd stratified sam-
pling, the quality variation, denoted by o, is the standard devi-
ation of a quality characteristic between incrdments taken from
within the strata of the consignment.

In the case of two-stage sampling the quality variation is ex-
pressed by g, and a.; a, is the quality variation between

than 20 % in terms of the coefficient of variation. The coeffi-
" cient of variation (CV), expressed as a percentage, is defined as
" the ratio of standard deviation, s, refative to the mean value, m,
of the mass of the increments times 100:

S %100 < 20 %
m

6.3 Classification of quality variation

The quality variation is a measure of the heterogeneity of a con-
signment.

wagons or containers selected from the consignment in terms
of standard deviation; a,, is the quality variation in terms of
standard deviation between increments taken from within
wagons or containers selected.

6.3.2 The values of ., and g}, shall be estimated for each type
or each brand of iron ore and for each handling system, under
normal operating conditions, in accordance with ISO 3084, and
the iron ore shall be classified with respect to the magnitude of
quality variation as specified in table 3.
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Table 3 — Classification of quality variation, g, and o,

Values as absolute percentages

Classification of qUality variation

Large Medium Small

ow > 200rop » 2,0

20 > oyo0rop > 1,6

oy <1b50ro, <15

ow > 200ro, » 2,0

20> oy0r0, > 1,5

gy <150r0, <156

oy » 100ro, » 10

10 > oyo0ron » 756

ow< 750r0, <75

g, >50rg, > 5

5> ggorag, > 375

O < 375 orop < 3,75

oy, » 30rc, > 3

3>oyo0rap > 2,25

gw <225 01, < 2,25

Quality characteristics
Total iron content
Moisture content
—-200 mm ore — 10 mm fraction,
_50 mm ore mean 20 %
-31,5 +6,3 mm —6,3 mm fraction,
sized ore mean 10 %
Size Sinter fee + 6,3 mm fraction,
mean 10 %
—45 um fraction
Pellet f ’
ellet feed mean 70 %
—5 mm fraction,
Pellets mean 5 %

6.3.3 Any typg and/or brand of iron ore whose estimated
value of quality|variation is unknown shall be considered as
having “large’’ quality variation. In this case, the experiment
shall be conducted at the earliest possible opportunity in ac-
cordance with IS0 3084, and the classification of quality varia-
tion shall be detgrmined.

6.3.4 When separate samples are taken for the determination
of size distribution, moisture content, chemical composition
and physical properties, the quality variation shall be classified
according to the| quality characteristic of each sample.

the value of mofe than one quality characteristic; the largest
classification of quality variation determined.shall be applied to
the sample.

6.3.5 When a Iample is to be used for the determination of

6.4 Number |of increments{and precision
of sampling

6.4.1 In the cabe of systematic sampling and stratified sam-
pling, the minimum number of increments to be taken from a
consignment in grder to attain the desired precision of sampling
shall be the nu ified i 4 i :
mass of the consignment and the classification of quality vari-
ation. :

6.4.2 In the case of two-stage sampling, the minimum
number of increments shall be obtained from the number of
wagons or containers to be selected, n,, from a consignmentin
table 5 together with the number of increments to be taken
from each wagon or container selected, ng, in 8.2

to the

6.4.3 The values.of precision of sampling, 8, in tpbles 4 and
5 have been . determined according to the minimu{ number of
increments stipulated in 6.4.1 and 6.4.2, respectivgly.

The_theoretical backgrounds are described in annex A.
6.5 Method of taking increments

6.5.1 Each increment shall be taken at one time [by a single
motion of a sampling device from a point selected at random
(with equal probability). However, if this is difficuli, it may be
taken by several motions of the sampling device| The latter
shall be proven to have no bias with each type of ore before
being applied.

6.5.2 The increments shall be taken in such a manner as to
ensure that they are of ““almost uniform mass’’ as described in.
6.2.2. In exceptional cases, where increments|of almost
uniform mass cannot be taken, each increment shall be
prepared individually and the quality characteristics| of each in-
crement shall also be determined. Alternatively,| at an ap-
propriate stage of the sample preparation, the |divided in-
i i into a sub-

sample or a gross sample.

6.5.3 When the calculated mass of a sample is less than that
required for preparing test samples (for the determination of
size distribution, physical properties, etc.) the mass of incre-
ment and/or the number of increments to be taken shall be in-
creased.
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Table 5 — Minimum number of wagons or containers to be selected, #,

Quality variation, .0}, Bg %
Mass of - :
consignment (1 Large Medium _ Small r
- g - Total %
Quality variation, o, : Size
iron or -10 mm
Up to .| moisture fraction
Over and Large | Medium | Small Large | Medium | Smali Large | Medium | Small content
including
20 000 95 85 80 65 55 50 45 35 30 0,50
16 000 | 20 000 80 70 65 55 45 40 40 30 25 0,55 2,28
12000 | 16 0 66 60 55. 45 35 30 30 25. 20 0,60
8000 | 12004 “50 45 40 35 30 25 25 20 . 18 0,65 25
4 000 8 000 35 35 30 30 25 20 20 15 [ 15 0,7
2 000 4 000 25 20 20 20 15 15 15 10 10 0,8 28
600 2 000 9 8 8 9 7 6 8 6 5 1,0 3,23

NOTE — The shovel may have a triangular edge which may be convenient for insertion of the shovel into the ore.

Figure 3 — Example of increment shovel

Table 6 — Dimensions of increment shovel

Maximum particle Dimensions of Increment shovel (mm)
size (mm) ) Shovel No. - : " ° e

100 100 300 110 300 220 100

50 50 150 7% 150 130 e

24 24 80 25 80 70 pod

10 10 60 35 80 &0 pod

7 Apparatus

Sampling devices capable of taking the specified mass of incre-
ment without introducing bias shall be provided. Among
sampling devices, an increment shovel for taking increments
from a consignment should be of the type and dimensions
given in figure 3 and table 6. -

NOTE — Other sampling devices, including mechanically assisted de-
vices, may be used to take increments. These devices should have a
minimum: opening equivalent to ¢ in table 6 and in the case of max-
imum particle sizes over 100 mm, at least three times this size. The
volume of the device in the effective collection area should be suffi-
cient to contain at least twice the minimum mass of increment in
table 2.

8 Moethod of manual sampling

The manual method of increment sampling shali be as specified
in 8.1, 8.2, 8.3, or annex 8.

- 8.1 Sampling from conveyors

8.1.1 When the increment is taken from the conveyor after
stopping, a section of adequate length in the direction of the
stream and of full width and thickness of the ore stream should
be taken from the specified position.
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The "adequate length” shall be sufficient to ensure that a
minimum mass of increment as specified in table 2 can be
taken, and shall be more than three times the maximum particle
size and at least more than the width of the smallest increment
shovel, 60 mm.

When taking the increment from the conveyor, a sampling
frame may be used for the sake of convenience.

8.1.2 When the increment is taken from the moving con-
veyor, the full width and thickness of the iron ore stream should
be taken fby—a-meehenieally—assisted—devie A—the j
stream.

8.1.3 When the effect of segregation in particle size is known
to be not significant at the point of sampling and there is no
pulsation fin the stream, the individual increments may be taken
from the points selected at random either on the stopped con-
veyor or within the falling stream.

8.1.4 The interval of taking increments shall be uniform, on a
mass basjs, throughout the whole consignment and shall not
be changpd during the course of sampling.

8.1.4.1 [The mass interval, Am, in tonnes, between taking in-
crements|shall be calculated from the formula

m,

nq

my J the mass, in tonnes, of the consignment;

ny islthe number of increments determined-in 6.4.1.

8.1.4.2 The mass interval of taking increments shall be deter-
mined to|be smaller than the calcllated mass interval Am in
8.1.4.1 taking the convenience 6f-operation into account.

8.1.4.3 |f the stream of.ore.is almost uniform, the mass inter-
val may He converted into an equivalent time interval.

8.1.5 The first~increment shall be taken after a randomly
selected fonnage has been handled within the first mass inter-
val after {he start of the handling operation.

ISO 3081-1986 (E)

8.2.1.2 When it seems possible that there is some bias in the
ore in the wagon or container between strata (between the top
and bottom, the front and the rear, or the left and the right), it
is advisable to take the increments from each stratum divided in
each of the wagons or containers selected.

8.2.1.3 There is a danger of introducing some bias in sam-
pling when the sampling is conducted with a sampling probe or
a boring sampler from the top surface of iron ore loaded on
wagons or containers, and accordingly, the method shall be ap-
plied only after it has been ascertained, by check expreriments,

8.2.2 Sampling from all wagons.or containers
{stratified sampling)

The number of increments, 113, to be taken from each wagon or
container of the consignment shall be cacuiated from the
formula

where

«Zn4 is the number of increments in table |4 according to the
mass of the consignment;

ny is the number of wagons or containgrs in the consign-
ment.

The result obtained shall be rounded to the[next higher whole
number.

8.2.3 Sampling from selected wagons pr containers
{(two-stage sampling)

8.2.3.1 The minimum number of wagons ¢r containers to be
selected shall be in accordance with table 5 (see also annex A).
Four increments shall be taken from each wagon or container
selected, provided that the load is 60 t.

8.2.3.2 When the load of the wagon or container is not 60 t,
the minimum number of wagons or containgrs to be selected,
he formul

8.1.6 The increments shall be taken subsequently at a fixed
mass interval until the handling operation of the consignment
has been completed.

8.2 Sampling from wagons or containers
8.2.1 Method of taking increments

8.2.1.1 The increments shall be taken at random from the
new surface of iron ore exposed during the loading or the
unloading of the wagons or containers.

where

n, is the minimum number of wagons or containers to be
selected as given in table 5;

my is the load, in tonnes, of the wagon or container.

The resuit obtained shall be rounded to the next higher whole
number to ensure adequate precision.
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Then, the number of increments to be taken from each wagon
or container which -is not- of capacity 60t, ng, shall be
calculated from the formula

m
=4\

where m, is the load, in tonnes, of the wagon or container.

The result -obtained shall be rounded to the next lower whole

8.3 Sampling from bunker discharge

The sampling of ore from bunker discharge shall be conducted
in accordance with the method specified in 8.1.

9 Packing and marking of sample

The samples for distribution shall be tightly sealed in airtight
containers. The following information should be shown on the
label and on a card placed in the container, if necessary:

a) type and brand of ore-and name of consignment (name

number, becausi-me-hhprevemem-wm-be-ebtemed-by-gemg
to a higher wholg number.

8.2.3.3 When the values of o, and o}, are known, a combi-
nation of n, and f1; can be selected by the calculation described
in annex A.

of ship, train, etc.);

b) mass of consignment;

¢) sample number;

d) place and date of sampling;

e) any other item (if necessary).
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