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INTERNATIONAL STANDARD

I1SO

3084-1975 (E)

Iron ores — Experimental methods for evaluation of
guality variation

1

SCOPE AND FIELD OF APPLICATION

This Intefnational Standard specifies experimental methods

for the

pvaluation of quality variation of iron ores for

the purgose of defining the sampling procedure by the

stratified
two-stagg

to the tim

method, periodic systematic method and the
method as prescribed in 1SO 3081 or 1SO 3082.

-basis sampling when the variation of the flow of the ores

NOTE — }he experimental methods may be applied approximately

isnotso |

2

This dodqument should be read in conjunction with the

rge.

REFHRENCES

following International Standards :
ISO 3081, /ron ores — Increment sampling — Manual
method.

ISO 3082, /ron ores — Increment sampling — Mechanical

method. Y

ISO 3083, /ron ores — Preparation of samples.

1SO 3088, /ron ores — Experimental methods for checking
the preci§ion of sampling.

fSO 308§, /ron ores — Experimeirtal .methods for checking
the bias qf sampling.

ISO 3087, /ron ores — Determination of moisture content.

3

3.1 Qu

The m4ggnitudes of quality
heterogeret i

GENERAL CONDITIONS

lity variation

degrees of

variation or

deviation as described below.

1)

1) Stratified
sampling :

sampling and periodic systematic

Standard deviation within strata or intervals between
taking increments (denoted by o, ).

2) Two-stage sampling as applied to sampling from
wagons :

Standard deviation within wagons (denoted by ¢,,) and
standard deviation between wagons (denoted by 0y, ).

In preparation.

3.2 Quality characteristics

The quality characteristic chosen® for

Hetermining the

quality variation is generally ¢the iron confent; however, it

should be recognized that, the moisture

fontent, particle

size distribution and other guality charactgristics may have

to be taken into account.

In this case,
variation (see glause 6) shall be established

3.3 lron‘oeres to be classified

the' criteria for classification of quality

beforehand.

Qualityvariation shall be determined for gach type of iron

orespecified between the contracting parti

PS.

3.4 Sampling, sample preparation and testing

Sampling, samplé preparation and testing

bf the sample for

this investigation shall be carried out in accprdance with the

relevant International Standards.

3.5 Execution of investigation

The sampling for this investigation may
conjunction with routine sampling for the

be conducted in
Hetermination of

quality of the consignment. In other words, the same

sample collected from the consignment m
used for both purposes.

4 METHOD OF INVESTIGATION FO

iy commonly be

R STRATIFIED

SAMPLING AND PERIODIC SYSTEMA(IC SAMPLING

The procedures for evaluating the standard

Wi
periodic systematic sampling, are described

4.1 Type of investigation

deviation within
'd sampling and
below.

4.1.1 Type 7 — When large-size consignments are delivered
infrequently, the quality variation may be derived from a

single consignment.

Create at least ten parts of equal tonnage
ment. Then constitute a pair of sub-samples
combining the increments involved in each
figure 1 (1) and example 1.

over the consign-
for each part, by
part as shown in
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4.1.2 Type2 — When small-size consignments are deliv-
ered frequently, the quality variation may be derived
from several consignments of approximately equal
tonnage.

Create at least ten parts of approximately equal tonnage
over all the consignments involved. Then constitute a pair
of sub-samples for each part, by combining the increments
involved in each part as shown in figure 1 (2) and
example 2.

413 Type3
quently and t

investigation by type 1 or type2 is
uneconomical, tihe quality variation may be derived from a
larger number ¢f consignments of approximately equal
tonnage.

Constitute a pair of sub-samples for each consignment as
shown in figure 1 (3) and example 3.

414 Type 41+ In the case of sampling from a
wagon-borne copsignment and when the increments are
collected from 3l of the wagons of the consignment, the
sampling schemp may be regarded as the method of
stratified samplirrg

Constitute a paif of sub-samples for each consignment as
shown in figure 1 (4).

4.2 Number of increments and composition of

sub-samples

4.2.1 Number gf increments

The number of|increments to be collected from one/or

several consignmients for.this investigation may betthe'same.

as that selected [for routine sampling. However,\When the
routine sampling is based on the classification-eategory of
“small” quality| variation (see table 4-of-1SQ 3081 or
1SO 3082) and the number of increments/is considered to
be insufficient t¢ obtain a reliable standard deviation, then
the number of increments shall be-increased.

1} In the case of investigation type 1, the number of
increments shall be selected from table 4 of ISO 3081 or
ISO 3082, and the increments shall be divided into at
least ten groups in order to constitute a pair of
sub-samples (see figure 1 (1}).

2) In the case of investigation type 2, the number of
increments to be taken for each consignment shall-be in
accordance with table 4 of 1SO 3081 or 1SO 3082. The
increments corresponding to each consignment shall
then be sub-divided on a stratum basis in order to

3) In the case of investigation type 3, the niimber of
increments being collected from each consignment shall
be selected from table 4 of I1SO 308..or 1SO 3082 (see
figure 1 (3)).

4) In the case of investigation-type 4, the nlimber of
increments being collected—from each trainl of the
consignment shall be selected from table 4 of 1$0 3081,
and the number of igcrements to be taken from each
wagon shall be calculated from sub-clause 6.3]2 (1) of
I1SO 3081 (see figure 1 (4)). If the number is odgl, it shall
be increased by‘one to make it even.

4.2.2 Composition of sub-samples

The sub-samples shall be constituted in accordance|with the
following procedure :

a) allocate a serial number to the increments of one
part in consecutive order of collection;

b) constitute a pair of sub-samples from cofsecutive
odd-number increments {denoted by sub-samplg A) and
consecutive even-number increments (dengted by
sub-sample B) in each part (see figure 2);

¢) for each investigation, prepare k sets df paired
sub-samples.

NOTE — Each sub-sample shall be constituted from twg or more
increments.
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LecenD : The rectangular box indicates one consignment; each division of the box made by broken lines indicates one part;
a pair of circles indicates a pair of sub-samples. (This applies to {1), (2) and (3)).

(1) Investigation type 1 — One consignment (Example for ten parts)

Qonsignment 1 A, OBy 0l A, OB, O1 A3 © Bj O! A, OB, ©
1 H t

Gonsignment 2 Ag 0 Bs 0] Ag © Bg 01 A; O B; 0! Ag 0 Bg O

Gonsignment 3 Ag © Bg © | Ap© BmOE Aq10 B11oi A0 B30

(2) Investigation type 2 — Several consignments (Example for three consignmeénts and twelve parts)

Consignment 1 A, 0By O
Consignment 2 A, 0 By, ©
Consignment k A O B ©

(3)

nvestigation type 3 — k consignments : one consignment = one part

4 ] f
Consignment 1 T J ————————5-—__..J
{1 | # Az
Consi 2 .
Lonsignment ; ‘ J 3 - |
: 1 . B
: 2

: { 7 |
Consignment k& J‘ * J _____________ J ¢

!

L

1

(W Lo 5,

LeceND : Each box indicates a wagon; points in box indicate increments; circles indicate sub-samples.

(4) Investigation type 4 — Wagon-borne consignments by stratified sampling

FIGURE 1 ~ Schematic diagram for one invéstigation
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Part 1

Lo d

Lo d o d

——=0 Sub-sample A4

OONTNTN
—=0 Sub-sample B,

——=0 Sub-sample A,
/91 <\1 0

\ —p0> Sub-samphe 452

Par:t2 [iz /31 0\4 /51 <\6 /71 iS
% R —

—m=0 Sub-sample Aqg

Part 10

fié

Kéilsém

LEGEND : @] odd-number increment

O| even-number increment

\ = Sub-sample Big

NOTE — The abovq diagram is based on an example for a single consignment.of.5 000 to 15 Q00 tonnes of ore of “large’ quality variption. The
required minimum |number of increments is 100 from table 4 of 1ISO 3081 or ISO 3082, and ten pairs of sub-samples A and B, each gomprising

five increments, arel prepared.

4.3 Preparation|of final samples and testing

Final samples A| {odd number){and B leven number) shall
be prepared sepafately fronmall the pairs of sub-samples.

‘The final sample may>be an analysis sample, moisture
sample, size sample. ok physical testing sample, as required.

FIGURE 2 — Example of schematic diagram for compaosition of pairs of sub-samples (type 1)

4.5 Calculation of standard deviation within strata

4.5.1 Data sheet

The experimental data of chemical analysis, fnoisture
determination, size determination or physical tgsting as
measured on the individual final samples shall be fecorded

The final samples A and B which have been prepared from
respective sub-samples shall be subjected to testing for
required quality characteristics separately.

4.4 Number of investigations

a) In the case of investigation types 1 and 2, at least
five separate investigations may be conducted.

b) In the case of investigation types 3 and 4, at least
ten separate investigations may be conducted.

NOTE — As o, cannot be estimated so precisely with a small

number of investigations, about ten separate investigations are
recommended.

4

oB-a
ot g

- 4.8.2 Calculation

The estimated standard deviation within strata shall be
calculated from the formulae given below.

Range of paired measurements :
R=|A -8B Lo
where
R is the range;

A is the measurement of quality characteristic (such as
% Fe) of odd-number final sample A;
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B is the measurement of quality characteristic of
even-number final sample B which pairs with A.

Mean of ranges :

ZR ... {2)

where

R is the mean of ranges;

1SO 3084-1975 (E)

4.6 Expression of results

a) In the case of types 1 and 2, the estimated value of
standard deviation within strata (0,, ) of a particular iron
ore evaluated from a series of investigations shall be
reported by the square root of the mean of all the values
of 0, 2. Symbolically,

Ou=_ [—20,2 L7

k is the number of values of R.

Mean of|paired measurements :

(A + B) ... (3)

__1
xX==
2

where x|is the mean of paired measurements of each part.

Standarg deviation within strata :

fri=n*{ — ... (4)

where

Gy Is the estimated standard deviation within strata;

n* i the number of increments comprisingx each
sub-shmple A or B;

d, i the factor to estimate standard deviatioh from the
rangd; for paired data 1/d, = 0,886 5.
NOTES

1 The njean (X;) of a consignment may\b¢ obtained from formula
(5) as the routine determined value ©f'quality characteristic of the
consignment.

1 -
Xjj= 3 X ... {B)

where
X; is the meanrof x for each consignment;

P; is the_number of parts in each consignment.

where
— . ~
Oy is the mean of 0,
. . . A
h is the number ofrindividual valuep of G, 2.

b) In the case ,of _types 3 and 4, |the value of o,
obtained by formula (4) or 8,, obtaingd by formula (6)
shall be reported as the estimated Value of standard
deviation within strata of a particular ifon ore.

NOTEASIn the case of iron content, the value of standard
deviation shall be rounded off to the first dedimal place.

5 METHOD OF INVESTIGATION FOR TWO-STAGE
SAMPLING

The method described in this clause covers the procedure
for evaluating standard deviation within [wagons (denoted
by o,,) and standard deviation between |wagons {denoted
by 0p), being applicable to the method [of sampling from
wagons.

NOTE — When the number of wagons consfituting one train is
relatively small, and the sampling scheme requires the collection of
increments from all of the wagons in the train| then the method of
investigation should be that of the stratified sampling as specified in
type 4.

5.1 Number of sample wagons and numbper of increments

The number of sample wagons to be selgcted from a train
of wagons and the number of increments to be collected

2 The square root of 64 obtained from formula {4} is the overall
standard deviation of sampling, sample division and measurement,
which is over-estimating 3,,, but the classification in clause 6 may
be made with this value (see 4.6). When it is desired to obtain Gy,
and the standard deviation of sample division (denoted by &p) and
the standard deviation of measurement {denoted by &) are known,
8,y should be calculated by the formula given below :

E 2
3w2=ﬁ* —) -8D2—3M2 ... (6)
da

3 If the number of increments is determined according to 4.2.1
and those increments are taken, the variation in the number of
increments comprising each sub-sample will be small, |f the variation
is 10 % or less, formulae {4) and (6) can be applied approximately
by using the mean value of n ™.

from—each—of-thesampte-wagons-setected-shall be decided in

accordance with the following procedure :

a) the wagon-borne consignment or part of a
consignment being delivered as a single train may be
regarded as the subject of a single investigation;

b) in the first place, the number of sample wagons
(denoted by m) shall be decided in accordance with
table 6 of 1SO 3081. For the sake of convenience in the
treatment of subsequent date, it is recommended that m
be an even number;

c) in the second place, a fixed number of four
increments {denoted by 7, i.e. 7 = 4) shall be collected
from each of the sample wagons.
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5.2 Composition of sub-samples ‘ The number of increments to constitute one sub-sample

. . . may be calculated as follows :
All the increments collected from m sample wagons in a train

shall be combined to constitute two pairs of sub-samples,
denoted by A, B, and C, D, in accordance with the

mxn _mx4
procedure indicated in figure 3. number of sub-samples 4

m

[ %
.\4
.\
[ N
-
[

. ¢ P
Train 1 Lk LK xl . < ¢ e

\‘\‘ R \\ \\ 1\ X\ \\ WO ¢

o

/ 4 ,
S I I e R Ky B o Y R Y

el
-
‘/.
L]
/
]
L
L1
-
e
Lo
o
(@]

/‘ {f 4 oA {
: 4 4 4/ ‘l J/l / Jl | ‘/l 4/4
Train k XJ LK ® ./ * J

LecenD : Each pox indicates a sample wagon and a set of four random points indicates the four increments taken fr
sample wagon. :

NOTE — The above diagram shows those sample wagons which have been selected from each train of wagons of k& trains. It is ba
example for a consignment of 600/to 2 000 tonnes of ore of small’” quality variation for o,y and “medium’’ for o,

According to table|6 of ISO 3081, the required minimum number of sample wagons (m) is equal to six for one train, and twg

° A,
i f — / —
{ [ { 4“ /1 /‘l /4

\‘\‘ A \i\\ R \\\\ ;;

om each

ed on an

pairs of

sub-sampies, A, B, Td C,\D; each comprising six increments are prepared.

FIGURE 3 — Schematic diagram for one investigation
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5.3 Preparation of final samples and testing

The two pairs of final samples, A, B, and C, D, shall be
prepared from the two pairs of sub-samples from each train
of wagons.

The individual final samples prepared separately from
respective sub-samples shall be subjected to testing for
required quality characteristics. For each investigation,
prepare k sets of two pairs of final samples.

ISO 3084-1975 (E)

Standard deviation within wagons and between wagons : -

R Ras )2 |

Ga=m —ff) 1)
R 2._R 2

52— _CED___AB (12

Op m 20,22 ( )

where

5.4 Ngmber of investigations

It is recommended that at least ten separate investigations
be carried out.

55 C1Icu|ation of standard deviation within and between
wagons

5.5.1 Data sheet

The experimental data of chemical analysis, moisture
determination, size determination or physical testing as
measurgd on the individual final samples shall be recorded
on a suftable form (see example 4).

5.5.2 [alculation

The e§timated standard deviation ~within wagons and
betweeh wagons shall be calculated from the formulae'given
below.

Range ¢f two paired measurements :

4 — Bl ... (8)

RAB

Rep = G~ D! )

Rad. Rcop areg the ranges of respective paired
meagurements.of final samples;

A, B, and C, D, are the measurements of quality
charpéteristic (such as % Fe) of two pairs of final

G2, is the estimated standard deviatign within wagons;
8, is the estimated standard déviatiop between wagons;

m is the number of sample|\wagons selected from a train
of wagons;

d, is the factor to“estimate standard deviation from the
range; for paired@ata 1/d> = 0,886 5. - '

NOTES

1 The mean vdlue {X;) obtained from formula (10) may be used as
the determined value of quality characteristic for a train of wagons.

2- Formulae (11) and (12) are derived from -the following
simultaneous equations {see figure 3) :

: 2 2
—RAB = &w ' : (13)

da 7

mX—

4

[N

< ) :UL Ow ... (14)
— 4
2

3 The value of 3 obtained from formula (11) is the overall
standard deviation of sampling, sample division| and measurement of
the sample, which is over-estimating 8,,,. When |t is desired to obtain
3w, and the standard deviation of sample divifion (denoted by §p)
and the standard deviation of measurement {denoted by &) are
known, 8,, should be calculated by formula {15) below. However,
regardless of 5 and 3y, formula (12) remains inchanged.

. 2 RAB>2 " 2
Ow< =m —_— - op<

mls
x
NS

where m = 4,

2 ...(15)

[~13
4

da

4 In the case where a series of investigationk is carried out on &

relatedsamptes:

Mean of measurements :
_ 1
X,'=Z'[(A,'+B,')+(C/+D,')] ... (10)

where

X; is the mean of two pairs of measurements of each
train or each investigation;

i is the suffix which designates each train or each
investigation.

trains and the number of sample wagons {m) selected from each
train is the same, then 83, and 8, may be obtained from the
following formulae in place of formulae (11) and (12} :

_ \2
R

3;,2:,"(_‘“3) ... (16)
a2

Gl ———— R )]

where EAB and Rgp are the means of k ranges of respective pairs
of measurements.

5 When the value obtained from formula (12), (15) or (17)
becomes negative, it should be read as zero.
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5.6 Expression of results

The estimated value of standard deviation (0, and 0,,) of a
particular iron ore evaluated from a series of investigations
shall be reported by the square root of the mean of all the
values of 6,2 or 6,2 obtained. Symbolically,

of the values of  standard deviation derived from a
series of investigations.

The criteria for the classification shall be as given in
the table below.

TABLE — Classification criteria by iron content

1
T = ;zawz ...(18)
Classification of Iron content
quality variation %
1
Op = \//'7‘2 6b2 ... (19) Large Ow OF 0 > 2,0
Medium 2,0 > oylore, = 1,5

where

G2 is the mpan of 6,,2;

2

0,2 is the mdan of §,2;

h is the number of individual values of &,,2 or 3,°.

NOTES

1 If 3, and &, afe obtained from formulae (16} and (17}, these
values shall be repofted.

2 In the case |of iron content, the values of standard
deviation shall be [rounded off to the first decimal place.

6 CLASSIFICAFION OF QUALITY VARIATION

The quality vafiation of iron ore shall be classified
into one of thg three categories specified on the basis

Small oy 010, < 1,6

NOTE — it is possible that  the) quality variation mMay vary
because of changes to factorg such as the following :

1} ore bodies in a mine;

2) method of mining;

3) method of. oré dressing;

4) methodcof) stock-piling and reclamation;
5) method, of loading/discharging;

6) size.of consignment.

Accordingly, it is recommended that the quality varfation of
any\ given ore be checked from time to time to vprify the
influence of such changes. The checking should be carried ‘out
in accordance with either this Internatioral - Standard- or
1SO 3085.
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