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Foreword

ISO (the International Organization for Standardization) is a worldwide federation of
national standards bodies (SO member bodies). The work of preparing International
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the member bodies for approval before their acceptance as International Standards by
the ISO Council. They are approved in accordance with ISO procedures requiring at
least 75 % approval by the member bodies voting.

International Standard ISO 3086 was'prepared by Technical Committee ISO/TC 102,
Iron ores.

This second edition cancels and replaces the first edition (ISO 3086-1974), of which it
constitutes a technical revision,

Users should note that all International Standards undergocrevision from time to‘time
and that any reference made herein to any other International Standard implies its
latest edition, unless otherwise stated.
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INTERNATIONAL STANDARD

1SO 3086-1986 (E)

Iron ores — Experimental methods for checking the bias

of sampling

1 Scope and field of application

This International Standard specifies experimental methods for
checking the bias of the 'sampling of iron ‘ores, 'when the
sampling is carried out in accordance with (the''methods
specified in 1SO 3081 and 1SO 3082.

NOTE — These methods may also be applied for checking the bias of
sample preparation when the sample preparation is carried out in
accordance with the methods specified in 1SO 3082 or ISO 3083.

2 References
I1SO 3081, /ron ores — Increment sampling — Manual method.

1SO 3082, /ron ores — Increment sampling and sample prep-
aration — Mechanical method.V

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

3 ' General conditions

3.1 In the experimental methods given here, the results ob-
tained from the method to be checked (referred to as
method B) are compared with the results of a reference
method (referred to as method A) which is considered to pro-
duce practically unbiased results, from technical and empirical
viewpoints.

1) At preserﬁ at the stage of draft.

3.2 In the event that there is no significant difference in a
statistical sense between the results obtained by method B and
method A, then method B may be adopted as a routine
method, provided that agreement on this subject is reached
between the parties concerned.

NOTE — In this International Standard, bias is assessed by application
of the r-test {one-sided) at the 5 % level of significance, by determining
whether the difference between the results of method A and method B
is due to random chance variations or whether the results are statisti-
cally different.

3.3 The number of consignments or lots shall not be less
than 20. The number of tests required depends on the standard
deviation of the differences based on 20 tests and the value of
the bias, J, to be detected.

NOTE — The value of the bias, 8, to be detected shall be decided by
agreement between the parties concerned, taking into account, from
the technical and economic viewpoints, the various precisions of the
methods to be adopted in the experiment, i.e. sampling, sample
division and measurement precisions. As a guide, a bias value of half
the overall precision, fgppy. may be appropriate unless otherwise
agreed.

3.4 Quality characteristics such as total iron content,
moisture content, size distribution and physical properties may
be used.
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3.5 The method for anaiysis of experimental data described
here may also be applied for checking a possible significant dif-

ference in the result obtained from the samples of one consign-
" ment collected at different places, for example, a loading point
and a discharging point.

4 Sampling and sample preparation methods

4.1 Sampling

The reference method (method A) for checking the bias of
sampling is the stopped-belt method. The method to be
checked {method B) shall be compared with method A using
the same material. .

Examples for the experiments are given in 4.1.1 to 4.1.4.

4.1.1 Example 1: Sampling from conveyors
(see 1SO 3081)

Method A: Take each increment from the full width and
thickness of the ore stream on the stopped conveyor at a
specified place for a length of belt more than three times the
maximum particle size or more than the width of the smallest
increment shovel {60 mm), whichever is the greater,

NOTE ~ In order to apply this method, it is essential to'have alength
of accessible conveyor belt, )

Method B : Take each increment/from a pointselected at ran;
dom each time within the ore stream.

4.1.2 Example 2: Mechanical sampling
{see 1SO 3082)

Method A: Take each increment according to method A
of 4.1.1.

Method B: Take each increment from the moving conveyor
with a mechanical sampler.

4.1.3 Example 3: Sampling from wagons
{see 1SO 3081)

Method A: Take each increment according to method A
of 4.1.1. :

Method B : Either

a) take each increment with a sampling probe or boring
sampler from the top surface of the ore loaded on a wagon;
or

b) take each increment at random from the new surface of
the ore exposed during loading on to or discharging from a
wagon.

4.1.4 Example 4: Sampling from ships
(see 1SO 3081)

Method A: Take each increment according to method A
of 4.1.1.

Method B: Take each increment according to the procedure
given in 1SO 3081.

4.2 Sample preparation

Methods for making up a pair of gross samples, preparation of
samples and testing shall be as given in 4.2.1 to 4.2.3.

4.2.1 Increments obtained from one consignment in accord-
ance with method A and method B are made up into two gross
samples A and B.

4.2.2 The gross samples A and B are subjected in the same
manner to sample preparation as specified in 1SO 3082 or
ISO 3083 and testing as specified in the relevant International
Standards separately, and a pair of measurements obtained.

4.2.3 The above procedure is performed on 20 or more con-
signments orllots (see’313)}

NOTE - When increments for method A and method B can be taken
from "closely" adjacent portions of the ore, it is recommended that
sample preparation and testing be carried out on each increment indi-
vidually. Thus the comparison can profitably be made on 20 or more in-
dividual'pairs of measurements to check the bias of the sampling. The
above comparison -of ‘measurements_should be made on pairs of in-
crements_taken from several consignments, preferably of the same
type of ore. However, it is not permitted to combine a number of paired
results, originating from both increments and gross samples, It should
be either a number of pairs from increments or ones from gross
samples.

5 Analysis of experimental data

5.1 Determination of the standard deviation of
the differences

5.1.1 Denote individual measurements obtained in accord-
ance with method A and method B, x,;, xg,, respectively.

5.1.2 Calculate the difference, d;, between x,; and xg; using
the equation :

d,-‘=xB,~—xA,~, 'l.=1,2,...,k (1)

where k is the number of paired sets of measurements.

5.1.3 Calculate the mean, d, of the differences to one decimal
place further than that used in the measurements themselves :

=134
d_kZd, (2




5.1.4 Calculate the sum of the squares, SS,;, and the standard
deviation, s,, of the difference :

SSd=Zdl?—%<2d,->2 .. (3)

Sq = NSS;/k = 1) .. (4)
5.2 Determination of the required number of
consignments or lots, n,, for experiment

Calculate the value of the standardized difference, D, using the
equation

D=— ... (5

Then determine, from table 1, the value of n, corresponding to
the value of D.

When n, < 20, proceed as in 5.3. When n, > 20, carry out
additional experiments on {n, — 20} consignments or lots.

This procedure shall be repeatediuntil thelnumbet of paired sets
of data becomes equal to or less than the value of #, specified in
table 1.

Table 1 — Required number of paired sets of data, #,,
determined by the value'of the standardized difference, D

Required Required
Range or;umpe:’ Range nfumpe:’
of standardized se’::“; of standardized ose;;z;l:)ef
difference, D data, difference, D data,
ny ny
030 < D <035 122 1.1<D<12 11
0,35 < D <040 90 12<D<13 10
0,40 < D < 0,45 70 13<D<14 8
0,45 < D < 0,50 55 14<D<15 8
0,50 < D < 0,55 45 16<D< 16 7
0,55 < D < 0,60 38 16<D<17 6
0,60 <« D < 0,65 32 1,7<D< 18 6
0,656 < D < 0,70 28 1.8<D<19 6
0,70 < D < 0,75 24 19<D <20 5
0,75 < D < 0,80 21 20< D 5
080 <D <085 19
0,86 < D < 0,90 17
0,90 < D <09 15
0,95 <« D < 1,00 14
1,00< D < 1,10 13

NOTE — Table 1 is taken from Davies, O.L. (Ed.) The Design and
Analysis of Industrial Experiments, 1956, pp. 606-607, and lists values
of n,forData = 0,056and S = 0,05, where a is the chance of assum-
ing a statistical difference when none exists (i.e. the confidence level of
the one-sided ¢-test) and £ is the chance of assuming no statistical dif-
ference when a bias J is present.
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5.3 Statistical test

Calculate the value of ¢, to the third decimal place by rounding
off the fourth decimal place :

d

ty = —— . 6)
° Sd/\/ k

When the absolute value of ¢, is smaller than the value of  cor-
responding to k as given in table 2, conclude that the dif-
ference is not significant and that method B can be adopted as
a routine method.

Table 2 — Value of ¢ at 5 % level of significance
{one-sided test)

Number of paired Number of paired
sets sets
of meast;(rements, ! of meast;(rements, !

20 1,729 40 1,685
21 1,726 a1 1,684
22 1,721 42 1,683
23 1,717 43 1,682
24 1,714 a4 1,681
25 1,71 45 1,680
26 1,708 46 1,679
27 1,706 47 1,679
28 1,703 48 1,678
29 1,701 49 1,677
30 1,699 50 1,677
31 1,697 51 1,676
32 1,696 61 1,671
33 1,694 81 1,664
34 1,692 121 1,658
35 1,691 241 1,661
36 1,690 © 1,845
37 1,688

38 1,687

39 1,686

NOTE — Table 2 is taken from JSA Statistical Tables and Formulas
with Computer Applications, Tokyo, Japanese Standards Association,
1972.

6 Numerical examples of experiment

6.1 Numerical example 1
{6: 0,2 % total iron content)

The numerical examplie shown in table 3 is the result of an
experiment with a mechanical sampler carried out in accord-
ance with 4.1.2.

The magnitude of bias to be detected in the experiment is
0,2 % in total iron content by agreement between the parties
concerned.
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Table 3 — Numerical example 1 (for ore A)

Table 4 — Numerical example 2

Consign- . Total o
ment No. iron content, % dj = Xp; = Xpj dIZ
Xgj Xaj

1 63,54 63,34 0,20 0,040 0
2 63,94 63,86 0,08 0,006 4
3 64,02 63,76 0,26 0,067 6
4 6390 | 64,44 -0,54 0,291 6
5 63,73 64,03 -0,30 0,090 0
6 63,72 63,62 0,10 0,0100
7 63,51 63,45 0,06 0,003 6
8 63,91 63,87 0,04 0,001 6
9 63,96 64,40 ) ~0,44 0,193 6
10 63,84 63,76 0,08 0,006 4
1 63,72 63,76 -0,04 0,001 6
12 63,64 63,88 ~0,24 0,057 6
13 63,97 64,11 -0,14 0,0196
14 63,98 63,90 0,08 0,006 4
15 63,58 63,10 0,48 0,230 4
16 63,74 64,24 -0,50 0,250 0
17 63,86 64,26 -0,40 0,160 0
18 63,95 63,81 0,14 0,0196
19 63,69 64,17 0,48 0,230 4
20 63,80 63,94 -0,14 0,0196
Sum -1,70 1,706/0

1
=—3 d; = -170/20 = -0,085
k

1 2 -1,70)2

Q

sqg = ~NSSy/tk — 1) = /1,5616/19 = 0,286 7 = 0,287

Thus

From tabie 1, n, = 28 is obtained.

Therefore, an additional set of eight experiments should be
undertaken and then the significance test carried out on a total
of 28 data sets.

6.2“‘ Numerical example 2
{5: 0,1 % total iron content)

The numerical example shown in table 4 is the result of an
experiment on a mechanical sampler carried out according to
4.1.2. '

The magnitude of bias to be detected in the experiment is
0,1 % in total iron content by agreement between the parties
concerned.

Consign- N?;f"e iron cl%?elnt, % Ad =xnimxa:| a2
ment No.j . 1= XBi T XA i
iron ore xBi xAi
1 F 59,20 59,00 0,20 0,040 0
2 E 59,75 59,67 0,08 0,006 4
3 c 61,80 61,74 0,06 0,003 6
4 B 63,02 63,16 -0,14 0,019 6
5 B 62,96 63,06 -0,70 | 0,0100.
6 E 60,02 59,92 0,10 0,0100
7 B8 63,17 63,11 0,06 0,003 6
8 A 63,91 63,87 0,04 0,001 6
9 E 59,98 60,02 ~0,04 0,001 6
10 D 61,21 61,13 0,08 0,006 4
1 D 61,26 61,30 -0,04 0,001 6
12 E 58,98 59,02 ~0,04 0,001 6
13 F 58,95 59,05 -0,10 0,0100
14 c 61,97 61,89 0,08 0,006 4
15 F 59,06 58,88 0,18 0,032 4
16 A 6374 | 6375 ~0,01 0,000 1
17 B 62,74 62,80 -0,06 0,003 6
18 E 60,47 60,42 0,05 0,002 5
19 B 6255/ 6262 | -0,07 0,004 9
20 A 63,80 63,83 -0,03 0,000 9
Sum +0,30 0,166 8

/sist/a
d= ;E d; = +0,30/20 = +0,015

1 2 30)2
$S;= Y d? -~ E(E d,~> = 0,166 8 —@ng—)— = 10,1623

VSS,7Tk = 1) = /0,162 3/19 = /0,008 5

Sd =
= 0,092 4 = 0,092
Thus
p=2_09"_ 1
sy 0,002

From table 1, n, = 13 is_obtained, and thus k = 20 is suf-
ficient for the experiment.

fy = d__ _ 0,015 - 0721
sd/\/k 0,092/~/20
t = 1,729 for k = 20 from table 2
ol < 2.

Therefore, the bias is judged to be less than 0,1 % in total iron
content and method B could be adopted as a routine method.




6.3 Numerical example 3
(6: 0,15 % total iron content)

The numerical example shown in table 5 is the result of an
experiment on a mechanical sampler carried out according to
4.1.2.

The magnitude of bias to be detected in the experiment is
0,15 % in total iron content by agreement between the parties
concerned.

Table 5 — Numerical example 3 (for ore B)

Consign- . Tottal t, %
Iment No. iron content, % d;=Xgi—Xa; dIZ
XBi XA

1 63,46 62,96 0,50 0,250 0

2 63,41 63,03 0,38 0,144 4

3 62,98 62,62 0,36 0,129 6

4 63,32 63,16 0,16 0,025 6

5 63,26 63,06 0,20 0,040 0

6 63,36 61,96 0,40 0,160 0

7 63,47 63,11 0,36 0,129 6

8 63,49 63,15 0,34 0,115 6

9 63,44 63,18 0,26 0,067 6

10 63,27 62,89 0,38 0,144 4
" 62,80 62,564 0,26 0,067 6
12 63,09 62,83 0,26 0,067 6
13 63,15 62,95 0,20 0,0400
14 63,18 62,80 0,38 0,144 4
15 63,60 63,12 0,48 0,230 4
16 63,77 63,48 0,29 0,084 1
17 63,04 62,80 0,24 0,057.6
18 63,12 62,77 0,35 01225
19 62,85 62,62 0,23 0,052 9
20 63,22 62,95 0,27 0,072 9
Sum 6,30 2,146 8

-1
d= ;Z di = +6,30/20 = +0,315

1 2 (6,30)2
Ssd=2df—;<2d,-> =2,1468 - — — =0,1623
= /S

Sy S, 7k — 1) = +/0,1623/19 = 0,092 4 =~ 0,092
Thus
_S_ 015
Sd 0,092

From table 1, n, = 6 is obtained, and thus the number of data
sets in the experiment is sufficient.

d 0,315
ty = 0315 _ | 15312

sg/NE  0,092//20

1,729 for ¥ = 20 from table 2

t

Lol > 1
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Therefore, it is concluded that there is a significant bias in
method B and action to eliminate this bias should be taken.

6.4 Numerical example 4
{6: 0,3 % moisture content)

The final numerical example shown in table 6 is the resuit of an
experiment for effects of particle size and mass of test samples
upon moisture content. In this experiment, samples of mass
1 kg and particle size¢ — 10 mm (method B) were compared
with samples of mass 5 kg and particle size —22,4 mm
(method A).

The magnitude of bias to be detected in the experiment is

0,3 % in moisture content by agreement between the parties
concerned.

Table 6 — Numerical example 4

. Name Moisture
Consign- o
> Rlo. of content, % d;=xg;—Xpi d{z
iron ore Xg; N

1 A 2,64 2,99 -0,35 0,1225

2 B 1,47 1,60 -0,13 0,016 9

3 C 2,35 2,27 0,08 0,006 4

4 D 2,70 2,75 -0,056 0,002 5

5 E 0,64 0,59 0,05 0,002 5

6 F 1,78 1,63 0,15 0,022 5

7 Cc 0,55 0,91 —-0,36 0,129 6

8 G 3,92 4,29 -0,37 0,136 9

9 H 4,75 4,85 -0,10 0,0100

10 A 4,09 4,36 -0,27 0,072 9
11 A 3,73 3,38 0,35 0,1225
12 | 4,93 4,83 0,10 0,0100
13 | 5,37 5,68 -0,31 0,096 1
14 J 7.09 7.27 -0,18 0,032 4
15 K 6,94 7.02 —-0,08 0,006 4
16 L 8,24 7,54 0,70 0,490 0
17 M 8,11 7.62 0,49 0,240 1
18 N 0,36 0,46 -0,10 0,0100
19 0O 1,80 2,07 -0,27 0,072 9
20 P 7,14 7,06 0,08 0,006 4
Sum -0,57 1,609 6

= 1
d= ;Z d; = —0,57/20 = —0,028

1 2 (-0,57)2
SSd = Edtz_ -—k~<2dl> = 1,6095———2-0—= 1,593 3

sy = 88,/lk — 1) = \/1,6933/19 = 0,2895 =~ 0,290
Thus
p-2 .93 g
Sy 0,2

From table 1, n, = 13 is obtained, and thus k = 20 in the
experiment is sufficient.
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. d_= —o,ozzl= 0,432
ss/Nk o 0,290//20

t

1,729 for k = 20 from table 2
[t] < ¢

Therefore, the bias is judged to be less than 0,3 % in moisture
content and method B could be adopted as a routine method.
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