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FOREWORD 
 
 
The adoption of the EN Standard as a Malaysian Standard was recommended by the 
Working Group on EN 196 - Physical under the authority of the Industry Standards Committee 
on Building, Construction and Civil Engineering. Development of this standard was carried out 
by The Cement and Concrete Association of Malaysia which is the Standards Writing 
Organisation (SWO) appointed by SIRIM Berhad to develop standards for cement. 
 
This Malaysian Standard is identical with EN 196-6:1989, Methods of testing cement - Part 6: 
Determination of fineness, published by the European Committee for Standardization (CEN) 
with the exceptions as listed below. 
 

MALAYSIAN STANDARD EXCEPTION 
 
a) in the source text ‘this European Standard’ should read ‘this Malaysian Standard’; 
 
b) the comma which is used as a decimal sign (if any), to read as a point; 
 
c) incorporation of National Annex NA on standard test method for fineness of hydraulic 

cement by the 45 µm (No. 325) sieve; 
 
d) incorporation of National Annex NB on method of testing the ‘absolute’ specific surface 

of a reference cement; 
 
e) incorporation of National Annex NC on standard test method for density of hydraulic 

cement;  
 
f) incorporation of National Annex ND on reporting of results for density and specific 

surface; and 
 
g) reference to EN Standards should be replaced by corresponding Malaysian Standards 

as follows: 

Referenced EN Standards Corresponding Malaysian Standards 

EN 197-1, Cement - Part 1: Composition, 
specifications and conformity criteria for 
common cements 

MS EN 197-1, Cement - Part 1: Composition, 
specifications and conformity criteria for 
common cements 

 
This standard describes the reference procedures for determination of fineness of cement.  
 
This MS EN 196 consists of the following parts under the general title Methods of testing 
cement: 
 
Part 1: Determination of strength 
 
Part 2: Chemical analysis of cement 
 
Part 3: Determination of setting time and soundness 
 
Part 5: Pozzolanicity test for Pozzolana Cement 
 
Part 6: Determination of fineness 
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FOREWORD (continued) 
 
 
Part 7: Methods of taking and preparing samples of cement 
 
Part 8: Heat of hydration - Solution method 
 
Part 9: Heat of hydration - Semi-adiabatic method 
 
This Malaysian Standard cancels and replaces MS 522: Part 2:2005, Portland cement 
(Ordinary and rapid hardening) Part 2: Physical tests. 
 
This standard is published with the permission of the European Committee for 
Standardization. Such permission is hereby acknowledged. 
 
Compliance with a Malaysian Standard does not of itself confer immunity from legal 
obligations. 
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Brief history

This European Standard was drawn up by the

Technical Committee CEN/TC 51 “Cement” the
Secretariat of which is held by IBN.

In accordance with the Common CEN/CENELEC

Rules, the following countries are bound to
implement this European Standard:

Austria, Belgium, Denmark, Finland, France,

Germany, Greece, Iceland, Ireland, Italy,
Luxembourg, Netherlands, Norway, Portugal,
Spain, Sweden, Switzerland and United Kingdom.

Foreword

The standard EN 196 on methods of testing cement
consists of the following Parts:

— Part 1: Determination of strength;

— Part 2: Chemical analysis of cement;

— Part & Determination of setting time and
soundness;

— Part 4: Quantitative determination of
constituents;

— Part 5: Pozzolanicity test for pozzolanic
cements;

— Part 6: Determination of fineness;

— Part 7: Methods of taking and preparing

samples of cement;

— Part 21: Determination of the chloride, carbon
dioxide and alkali content of cement.
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1 Object and field of application

This European Standard describes two methods of
determining the fineness of cement.

The sieving method serves only to demonstrate the
presence of coarse cement particles. This method is

primarily suited to checking and controlling the
production process.

With the air permeability method (Blame) the

specific surface (mass related surface) is measured
by comparison with a reference cement sample. The

determination of the specific surface serves
primarily to check the consistency of the grinding
process of one and the same plant. This method only

allows a limited assessment to be made of the
properties of the cement in use.

1~

The methods are applicable to all the cements

defined in ENV 197 ~.

2 References

ENV 197, Cement: Composition, specifications and

conformity criteria
2~

.

ISO 383:1976, Laboratory glassware —

Interchangeable conical groundjoints.

ISO 565:1983, Test sieves — Woven metal wire cloth,
perforated plate and electroformed sheet — Nominal
sizes of openings.

ISO 3310-1:1982, Test sieves — Technical
requirements and testing — Part 1: Test sieves of
metal wire cloth.

ISO 4803:1978, Laboratory glassware —

Borosilicate glass tubing.

3 Sieving method

3.1 Principle

The fineness of cement is measured by sieving it on
standard sieves. The proportion of cement of which

the grain sizes are larger than the specified mesh
size is thus determined.

A reference sample having a known proportion of

material coarser than the specified mesh size isused
for checking the specified sieve.

3.2 Apparatus

3.2.1 Test sieve, comprising a firm, durable,
non-corrodible, cylindrical frame of 150 mm
to 200 mm nominal diameter and 40 mm to 100 mm
depth, fitted with 90 jim mesh sieve cloth of woven
stainless steel, or other abrasion-resisting and

non-corrodible metal wire.

The sieve cloth shall comply with the requirements
of Table 1 of ISO 565:1983 and ISO 3310-1 and shall
be free of visible irregularities in mesh size when
inspected optically by the methods of ISO 3310-1. A

tray fitting beneath the sieve frame and a lid fitting
above it shall be provided to avoid loss of material
during sieving.

3.2.2 Balance, capable of weighing up to 10 g to the
nearest 10 mg.

3.3 Material for checking the sieve

A reference material of known sieve residue shall be

provided for checking the sieve.

The material shall be stored in sealed, airtight
containers to avoid changes in its characteristics
due to absorption or deposition from the

atmosphere. The containers shall be marked with
the sieve residue of the reference material.

3.4 Procedure

3.4.1 Determination of the cement residue

Agitate the sample of cement tobe tested by shaking
for 2 mm in a stoppered jar to disperse

agglomerates. Wait 2 min. Stirtheresultingpowder
gently using a clean dry rod in order to distribute

the fines throughout the cement.

Fit the tray under the sieve. Weigh

approximately 10 g of cement to the nearest 0,01 g
and place it in the sieve, being careful to avoid loss.
Disperse any agglomerates. Fit the lid over the

sieve. Agitate the sieve by swirling, planetary and
linear movements until no more fine material
passes through it. Remove and weigh the residue.
Express its mass as a percentage, R

1
, ofthe quantity

first placed in the sieve to the nearest 0,1 %. Gently
brush all the fine material off the base of the sieve
into the tray.

Repeat the whole procedure using a fresh 10 g
sample to obtain 1?2. Then calculate the residue of
the cement 1? as the mean of R

1
and R

2
as a

percentage, expressed to the nearest 0,1 %.

When the results differ by more than 1 % absolute,
carry out a third sieving and calculate the mean of
the three values.

The sieving process is carried out manually by a
skilled and experienced operator.

NOTE Alternatively a sieving machine may be used provided
that it can be shown to give the same results as the manual
operation.

1) The air permeability method may not give significant results for cements containing ultrafine materials.
2) At present at the draft stage.

© 381 01-2000 3
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3.4.2 Checking the sieve

Agitate the sample of cement to be tested by shaking

for 2 mm in a stoppered jar to disperse
agglomerates. Wait 2 mm. Stir the resulting powder
gently using a clean dry rod in order to distribute
the fines throughout the cement.

Fit the tray under the sieve. Weigh

approximately 10 g of the reference material (3.3) to
the nearest 0,01 g and place it in the sieve, being

careful to avoid loss. Carry out the sieving
procedure as in 3.4.1 including the repeat
determination of residue to yield two values P

1
and

P
2

expressed to the nearest 0,1 %.

The two values of P
1

and P
2

for a satisfactory sieve
should differ by not more than 0,3 %. Their mean P
characterizes the state of the sieve.

Given the known residue on the 90 jim mesh of the
reference material, R

0
, calculate RjP as the sieve

factor, F, expressed to the nearest 0,01. The residue,
R, determined as in 3.4.1 shall be corrected by

multiplying by F, which may have a value
of 1,00 ± 0,20.

Check the sieve after every 100 sievings.

NOTE Any other checking procedure, such as the optical
methods described in ISO 3310-1 may be used, All sieves will
wear slowly and consequently their sieve factor, F, will slowly
change.

3J Expression of results

Report the value of R, to the nearest 0,1 %, as the
residue on the 90 jim (ISO 565) sieve for the cement

tested.

The standard deviation of the repeatability is

about 0,2 % and of the reproducibility is
about 0,3 %.

NOTE Where there is local difficulty in obtaining ISO sieves,
the same procedure can be followed with the nearest available
standard sieve but the report is to state on which standard sieve
mesh the cement residue has been determined.

4 Air permeability method (Blame
method)

4.1 Principle

The fineness of cement is measured as specific
surface by observing the time taken for a fixed
quantity of air to flow through a compacted cement

bed of specified dimensions and porosity. Under
standardized conditions the specific surface of
cement is proportional to-ft where t is the time for a
given quantity of air to flow through the compacted
cement bed. The number and size range of
individual pores in the specified bed are determined
by the cement particle size distribution which also

determines the time for the specified air flow.

The method is comparative rather than absolute
and therefore a reference sample of known specific
surface is required for calibration of the apparatus.

4.2 Apparatus

4.2.1 Permeability cell. The cell shall be a rigid right
cylinder of the dimensions and tolerances shown
in Figure 1 a). It shall be of austenitic stainless steel
or other abrasion-resisting, non-corrodible material.
The top and bottom faces shall be flat and normal to

the axis of the cylinder, as shall the upper surface of
the ledge at the bottom of the cell. The outer surface
of the cylinder shall be tapered to form an airtight

fit with the conical socket of the manometer
(ISO 383, Joint 19/34).

4.2.2 Perforated disc. The disc shall be of
non-corrodible metal, perforated with 30 to 40 holes

of 1 mm diameter, and shall have the dimensions
and tolerances, shown in Figure 1 b). When in

position on the ledge in the cell, its plane surfaces
shall be normal to the axis of the cell.

4.2.3 Plunger. The plunger is a piston, capable of
sliding freely in the measuring cell by means of a
clearance to be applied in such a way that, when the
cap of the plunger comes to rest on the upper face of
the cell cylinder, a distance of 15 ± 1 mm will be

maintained between the upper face of the perforated
disc and the lower face of the piston.

This piston shall be provided with a flat connected

to an annulus around the head to enable air to
escape.

The plunger shall be of austenitic stainless steel or
other abrasion-resisting and non-corrodible
material; it shall have the dimensions and
tolerances shown in Figure 1 c). A plunger can only
be used with the corresponding cell the dimensions

of which match within the permitted tolerances.

4.2.4 Manometer. The manometer shall be a rigidly

and vertically mounted U-tube of borosiicate glass
tubing (ISO 4803) arranged as in Figure 1 d) and

having the dimensions and tolerances shown in this
figure.

One arm of the manometer shall be provided at the
top with a conical socket (ISO 383, Joint 19/34) to

form an airtight fit with the conical surface of the
cell. The same arm shall also have four etched lines
and a T-joint whose positions shall have the
dimensions and tolerances shown in Figure 1 d).
The side branch of the T-joint shall lead to an

airtight stopcock beyond which shall be attached a
suitable aspiration device such as the rubber tube
and bulb shown in Figure 1 d).

Fill the manometer tube with the liquid (4.2.5) to
wet the inner surface. Empty the tube and refill it so
that the manometer liquid is level with the lowest
etched line [11 in Figure 1 d)]. This manometer
liquid shall be changed (or cleaned) after servicing
or before a new calibration.

4 © BSI 01-2000



EN 196-6:1989

NOTE Other forms ofcell and plunger and other arrangements
of the joint between cell and manometer may be used provided
that they can be shown to give the same results as the specified

apparatus.

4.2.5 Manometer liquid. The manometer

shall be filled to the level of the lowest etched
line [11 in Figure 1 d)] with a non-volatile,
non-hygroscopic liquid of low viscosity and density,
such as dibutyl phthalate or light mineral oil.

• Recommended

c) Plunger

d) Manometer
All dimensions in millimetres.

Item Description Recommended
mm

Obligatery
mm

Piston

Flat for air vent

Cell

Compacted cement disc

Filter paper disc

Perforated disc

Manometer

Etched lines

Conical joint for cell

Stopcock

Rubber type

Aspirator bulb

A� 50

B = 135

C = 275

D= 23

J= 50

K= 0,8

L 0,9

M= 9~0

± 10

± 25

±1

d 15

th 0,2

h 0,1

h 0,4

G—~12,7 ± 0,1

E=G - 0,1

H=15 ±1

Figure 1 — Blame permeability apparatus

a) CeLl

b) Perforated disc

1

2

3

4

5

6

7

8,9, 10, 11

12

13

14

15
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4.2.6 Timer, having a positive starting and stopping

mechanism, readable to 0,2 s or better, and accurate
to 1 % or better over time intervals up to 300 s.

4.2.7 Balance(s), capable of weighing about 3 g to
the nearest 1 mg (for the cement) and about 50 g
to 110 g to the nearest 10 mg (for the mercury).

4.2.8 Pyknometer, or other convenient means of
determining the density of cement.

4.3 Materials

4.3.1 Mercury, of reagent grade or better.

4.3.2 Reference cement
3~

,of known specific surface.

4.3.3 Light oil, to prevent formation of mercury
amalgam on the inner surface of the cell.

4.3.4 Circular discs of filterpaper, having a smooth
circumference adapted to the dimensions ofthe cell.
The filter paper is of medium porosity (mean pore

diameter 7 jim).

4.3.5 Light grease, for ensuring an airtight joint

between cell and manometer, and in the stopcock.

4.4 Test conditions

The laboratory in which the air permeability test is
carried out shall be maintained at a temperature
of 20 ± 2 °C and a relative humidity not
exceeding 65 %. All materials for test and
calibration shall be at the laboratory temperature
when used and shall be protected from absorption of
atmospheric moisture during storage.

4.5 Compacted cement bed

4.5.1 Basis

The compacted cement bed comprises a reproducible
arrangement of cement particles with a specified
volume of air included between the particles. This
air volume is defined as a fraction of the total

volume of the bed and is termed the porosity, e.

It follows that the volume fraction occupied by the

cement particles is (1 — e). If Vis the total volume of
the bed, the absolute volume of cement is V(1 — e)
in cm

3
, and the mass of cement, m is pV(1 — e) in g

where p is the solid density of the cement particles
in g/cm

3
.

Thus, knowing p, a mass of cement can be weighed
to produce a desired porosity, e, in the compacted
bed of total volume V. The determination of p is
described in 4.5.3 and that of Vin 4.7.1.

4.5.2 Preparation of the sample

Agitate the sample of cement to be tested by shaking
for 2 mm in a stoppered jar to disperse
agglomerates. Wait 2 mm. Stir the resulting powder
gently using a clean dry rod in order to distribute
the fines throughout the cement.

4.5.3 Determination of density

Determine the density of the cement using a device

such as a pyknometer (4.2.8). Use a non-reactive
liquid in the determination. The quantity of cement
used will depend on the nature of the apparatus but
shall be such that the value ofp determined is
accurate to 0,01 g/cm

8
. Verify this accuracy by a

repeat determination and record the mean of the
two determinations to the nearest 0,01 g/cm

3
as the

density.

4.5.4 Formation of the bed

To give a cement bed of porosity e = 0,500 weigh a
quantity of cement, m

1
, calculated from

m
1

O,500pV(g)

where

(1)

p is the density of the cement (g/cm
3

) (4.5.3);

V is the volume of the cement bed
(cm

8
) (4.7.1).

This mass, correctly compacted, will produce a bed
of porosity 0,500. Place the perforated disc (4.2.2) on
the ledge at the bottom of the cell (4.2.1) and place
on it a new filter paper disc (4.3.4). Ensure that the
filter paper disc fully covers the perforated disc and
is flat by pressing with a clean dry rod. Place the
weighed quantity of cement, m

1
, in the cell taking

care to avoid loss. Tap the cell to level the cement.
Place a second new filter paper disc on the levelled

cement. Insert the plunger (4.2.3) to make contact
with the filter paper disc. Press the plunger gently

but firmly until the lower face of the cap is in contact
with the cell. Slowly withdraw the plunger
about 5 mm, rotate it through 900 and gently but
firmly press the bed once again until the plunger cap
is in contact with the cell. The bed is now compacted
and ready for the permeability test. Slowly

withdraw the plunger.

NOTE Too rapid andvigorous pressing may change the particle
size distribution and therefore change the specific surface ofthe
bed. The maximum pressure should be that comfortably exerted
by a thumb on the plunger.

At present reference cements are available from:
National Bureau of Standards, Office ofStandard Reference Materials, Chemistry Building, Washington DC, 20234, USA.

6 © 351 01-2000
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4.6 Air permeability test

4.6.1 Basis

The specific surface, S, is given in 4.9.1 but is

conveniently expressed as

- K _____ (cm
2
/g)

- _X(l - e) X,~-~--

where

K is the apparatus constant (4.7.2);

e is the porosity of the bed;

is the measured time (s);

p is the density of cement (g/cm
3
) (4.5.3);

q is the viscosity of air at the test

temperature taken from Table 1 (Pa s).

With the specified porosity of e = 0,500 and
temperature of 20 ± 2 °C

= 524,2 K x ,Ji (cm
2
/g)

p

4.6.2 Procedure

Insert the conical surface of the cell into the socket
at the top of the manometer, using if necessary a
little light grease (42.5) to ensure an airtight joint.
Take care not to disturb the cement bed.

Close the top of the cylinder with a suitable plug.

Open the stopcock and with gentle aspiration raise
the level of the manometer liquid to that of the
highest etched line [8 in Figure 1 d)]. Close the
stopcock and observe that the level of the
manometer liquid remains constant. If it falls,
remake the cell

1
manometer joint and check the

stopcock. Repeat the leakage testuntil the improved

sealing produces a steady level of the liquid. Open
the stopcock and by gentle aspiration adjust the
level of the liquid, to that of the highest etched line.
Close the stopcock. Remove the plug from the top of

the cylinder. The manometer liquid will begin to
flow. Start the timer as the liquid reaches the
second etched line [9 in Figure 1 d)] and stop it when
the liquid reaches the third etched line [10 in
Figure 1 d)]. Record the time, t, to the nearest O,2s
and the temperature to the nearest 1 °C.

Repeat the procedure on the same bed and record
the additional values of time and temperature.
Prepare a fresh bed of the same cement with a

second sample following the procedure of 4.5.4 or,
where there is little cement available, by breaking
up the first bed and reforming it as in 4.5.4. Carry

out the permeability test twice on the second bed,
recording the values of time and temperature as

before.

4.7 Calibration of apparatus

4.7.1 Determination of the bed volume

Owing to the need for clearance between the cell and
the plunger, the volume of the compacted cement
bed varies for each cell-plunger combination. The

(2) volume of the compacted cement bed shall be
established for a given cell-plunger clearance. This
volume is to be determined as follows.

Apply a very thin film of light mineral oil (4.3.3) to
the cell interior. Place the perforated disc on the
ledge in the cell. Place two new filter paper discs on
the perforated disc and ensure that each covers the
base of the cell whilst lying flat by pressing with a
rod.

Fill the cell with mercury (4.3.1). Remove any air
bubbles with a clean dry rod. Ensure that the cell is
full by pressing a glass plate on the mercury surface
until it is flush with the cell top. Empty the cell,
weigh the mercury to the nearest 0,01 g, m

2
, and

record the temperature. Remove one filter paper
(3) disc. Form a compacted cement bed by the method

described in 4.5.4 and place on it a new filter paper
disc. Refill the cell with mercury, removing air
bubbles and levelling the top as before. Remove the
mercury, weigh it to the nearest 0,01 g, m

3
, and

check the temperature. The bed volume Vis given
by

= — m
3

(cm
3
)

PH

where

PH is the density of mercury at the test
temperature taken from Table 1.

(4)

Repeat the procedure with fresh cement beds until
two values of V are obtained differing by less
than 0,005 cm

3
. Record the mean of these two

values as V.

NOTE Care should be taken to avoid spilling or splashing the
mercury and any contact between it and the operator’s skin and

eyes.

© BSI 01-2000 7
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4.7.2 Determination of the apparatus constant

From a supply ofreference cement of known specific
surface (4.3.2) prepare a compacted cement bed and
measure its permeability by the procedures given
in 4.5.2, 4.5.3, 4.5.4 and 4.6.2. Record the time, t,

and the temperature of test. Using the same bed
repeat twice the procedure of 4.6.2 and record the

two further values of time and of temperature.
Repeat the whole on two further samples of the
same reference cement. For each of the three

samples calculate the means of the three times and
temperatures. For each sample calculate

K = S0p~,(1 —e)~0,l~1o
-~/e~,,Jt~

where

S
0

is the specific surface of the reference

cement (cm
2
lg);

p, is the density of the reference cement

(g/cm
8
);

t
0

is the mean of the three measured times (s);

q,, is the air viscosity at the mean of the three
temperatures (Pa s) (Table 1).

With the specified porosity of e = 0,500

K = l,414S
0
p
0

Take the mean of the three values ofKas the

constant K for the apparatus.

4.7.3 Recalibration

(6)

Repeated use ofthe apparatus may cause changes in
the cement bed volume and in the apparatus
constant (because of the wear of cell, plunger and

perforated disc). These changes can be determined
with the help of a so-called secondary reference
cement whose specific surface has been measured.

The cement bed volume and the apparatus constant
shall be recalibrated with the reference cement:

a) after 1 000 tests;

b) in the case of using

— another type of manometer fluid;

— another type of filter paper;

— a new manometer tube;

c) at systematic deviations of the secondary

reference cement.

4.8 Special cements

Certain cements having unusual particle size
distributions and, in particular, fine cements of

higher strength grades may prove difficult to form
into a compacted bed of porosity e = 0,500 by the
method of 4.5.4. Should thumb pressure on the

plunger cap fail tobring it in contact with the top of
the cell or if, after making contact and removing the
pressure the plunger moves upwards, the porosity of
e = 0,500 shall be considered unattainable.

For such cases the porosity required for a
well.compacted bed shall be determined
experimentally. The mass of cement, m

4
, weighed to

(5) make the bed as in 4.5.4 then becomes

m
4

(1_e
1

)p
8

V(g) (7)

where e
1

is the porosity determined experimentally.

4.9 Simplification of the calculations

4.9.1 Basic formula

The specific surface, 5, of the cement under test is
calculated from the formula

— p.~(l_—_eo)xJ~1x

- (1-e)J~B

x \f0,1 71O~~
1~~

~ so (cm
2

lg)

where

S~, is the specific surface of the reference

cement (cm
2

/g) (4.3.2);

e is the porosity of the bed of cement under
test;

e
0

is the porosity of the bed of reference
cement (4.7.2);

(8)

is the measured time for the cement under

test (s);

t
0

is the mean of the three times measured on
the reference cement (s) (4.7.2);

p is the density of the cement under test

(gfcm3) (4.5.3);

p
0

is the density of the reference cement
(g/cm

3
) (4.7.2);

q is the air viscosity at the test temperature
taken from Table 1 (Pa s);

q0 is the air viscosity at the mean of the three
temperatures (Table 1) for the reference
cement (Pa s).

8 © 881 0 1-2000



EN 196-6:1989

4.9.2 Effect of specified porosity

Use of the specified porosity, e = 0,500, for both the

reference and test cements simplifies formula 8 to

sPo)<VO121O)(~iIxs (cm
2
!)

P ,J0,lij ,fi

In the case of cements requiring a porosity other
than e = 0,500, formula 9 cannot be used unless a
reference cement has been tested at that porosity.

4.9.3 Effect of controlled temperature

As will be seen in Table 1, the value of 7O~ii~ranges
from 0,001345 at 18°C to 0,001353 at 22°C. Under
the specified laboratory conditions a value
of 0,001349 can be taken to apply with an extreme
error of 0,5% and a more probable error of 0,3% or
less. This further simplification leads to the
following formula

S — ~x-~-x So (cm
2

!g) (10)

4.9.4 Effect of density of cement

The only remaining possibility of simplification is
the elimination of the density (p) terms. This has

previously been done where the only cements in
question were pure Portland cements for which a
value of p of 3,15 was assumed to apply. That
assumption is known to produce errors of up to 1 %.

With the increasing use of Class CE II, III and IV

cements (see ENV 197~~)much greater errors are
certain. This standard requires the density of
cement to be determined and used in the calculation

of specific surface.

4.10 Expression of results

Where the porosity is e = 0,500, the four times and
temperatures resulting from the procedure of 4.6.2
shall be examined to check that the temperatures

all fall within the specified range of 20 ± 2 °C. If
they do, the mean of the four times shall be inserted
in equation 3 or equation 10 and the resulting value
of 5, to the nearest 10 cm

2
/g, shall be reported as the

specific surface of the cement.

A difference of 1 % between the means of the
fineness measurements carried out on two different
powder beds from one and the same sample is
acceptable.

The standard deviation of the repeatability is
about 50 cm

2
/g and of the reproducibility is

about 100 cm
2
/g.

Where the porosity is note = 0,500, equation 8 shall
(9) be used and the result to the nearest 10 cm

2
/g

reported as the specific surface of the cement.

If~owing to a breakdown in control or for other
reasons, the four temperatures do not lie within the
specified range of 20 ± 2 °C, a value of S shall be
calculated for each combination of time and
temperature using equation 2 or equation 8. The
mean of the four values of S shall be reported, to the
nearest 10 cm

2
/g, as the specific surface of the

cement.

Table 1 — Density of mercury Pn, viscosity
ofair /7 and ~ as function of the

temperatures

Temperatur
e

°C

Density
of

mercury
Pu

g/cm’

Viscosity of
airq

Pas

J~955

16

17

18

19

20

21

22

23

24

13,560

13,560

13,550

13,550

13,550

13,540

13,540

13,540

13,540

0,000 01800

0,000 01805

0,000 018 10

0,000 018 15

0,000 018 19

0,000 01824

0,000 01829

0,000 01834

0,000 01839

0,001342

0,0013 44

0,0013 45

0,0013 47

0,0013 49

0,0013 51

0,0013 53

0,0013 54

0,0013 56

NOTE Intermediate values snail be obtained by linear
interpolation.

4) At present at the draft stage.
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National Annex NA 
 (informative) 

 
 

Standard test method for fineness of hydraulic cement by the 45 µm  
(No. 325) sieve 

 
 

NA1  Scope 
 
NA1.1  This test method covers the determination of the fineness of hydraulic cement by 
means of the 45 µm (No. 325) sieve. Alternatively, a sieving machine may be used provided 
that it can be shown to give the same results as the manual operation. 
 
NA1.2  The values stated in SI units are to be regarded as the standard.  
 
NA1.3  This standard does not purport to address all of the safety concerns, if any, 
associated with its use. It is the responsibility of the user of this standard to establish 
appropriate safety and health practices and determine the applicability of regulatory 
limitations prior to use. 
 
 

NA2  Referenced documents 
 
ASTM E 11, Specification for wire-cloth sieves for testing purposes 
 
ASTM E 161, Specification for precision electroformed sieves (square opening series) 
 
ASTM E 177, Practice for use of the terms precision and bias in ASTM test methods 
 
 

NA3  Apparatus 
 
NA3.1  Sieve 
 
NA3.1.1   Sieve frame 
 
The sieve frame shall be metal not subject to corrosion by water and shall be circular, either 
(51 ± 6) mm when woven-wire cloth is mounted in the frame or (76 ± 6) mm in diameter when 
an electroformed sheet is mounted in the frame. The depth of the sieve from the top of the 
frame to the cloth or sheet shall be (76 ± 6) mm. The frame shall have either side walls of (89 
± 6) mm in total height, or legs at least 12 mm in length, sufficient to allow air circulation 
beneath the sieve cloth or electroformed sheet. 
 
NA3.1.2   Sieve cloth or electroformed sheet 
 
The sieve frame shall be fitted with either a 45 µm (No.325) stainless steel AISI Type 304 
woven-wire sieve cloth, conforming to the requirements of Specification ASTM E 11 or a 45 
µm electroformed reinforced nickel sieve sheet conforming to the requirements of 
specifications ASTM E 161 with the exception that the number of openings shall be (71 ± 2) 
per linear centimeter. 
 
 



MS EN 196-6:2007 

© STANDARDS MALAYSIA 2007 - All rights reserved 11

 
 
 
 
NA3.1.3   Cloth or sheet mounting 
 
NA3.1.3.1   Woven-wire cloth mounting 
 
Type 304 stainless steel woven-type cloth shall be mounted in the frame without distortion, 
looseness or wrinkling. For a sieve fabricated by soldering the cloth to the frame, the joint 
shall be made smooth to prevent the cement from catching in the joints between the sieve 
cloth and the frame. Two-piece sieves shall clamp tightly on the cloth to prevent the cement 
from catching in the joints between the sieve cloth and the frame. 
 
NA3.1.3.2   Electroformed sieve sheet mounting 
 
Electroformed reinforced nickel sieve sheet shall be mounted in the frame without distortion, 
looseness, or wrinkling. The joint between the sieve cloth and the frame shall be made 
smooth with a material impervious to water. 

 

 
Figure NA1.  Spray nozzle with seventeen 0.51 mm holes 

 
NA3.2  Spray nozzle 
 
The spray nozzle (Figure NA1) shall be constructed of metal not subject to corrosion by water 
and shall be 17.5 mm in inside diameter with a central hole drilled in line with the longitudinal 
axis, an intermediate row of eight holes drilled 6mm centre-to-centre at an angle of 5

º
 from the 

longitudinal axis, and an outer row of eight holes drilled 11 mm centre-to-centre at an angle 
10

º
 from the longitudinal axis. All holes shall be 0.5 mm in diameter. The spray nozzle shall 

have been checked within six months prior to testing a cement sample to ensure that the flow 
rate is between 1 500 and 3 000 g/min at (69 ± 3) kPa. 
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NA3.3  Pressure gauge 
 
The pressure gauge shall be 76 mm minimum diameter, and shall be graduated in 7 kPa 
increments, and shall  have a maximum capacity of 207 kPa. The accuracy at 69 kPa shall be  
± 2 kPa. 
 
 

NA4  Calibration of 45 µm (No. 325) sieve 
 
NA4.1  Place 1.000 g of the current lot of National Institute of Standards and Technology 
Standard sample No. 114 on the clean, dry, 45 µm (No.325) sieve and proceed as in NA.5. 
The sieve correction factor is the difference between the test residue obtained and the 
assigned residue value indicated by the electroformed sheet sieve fineness specified for the 
standard sample, expressed as a percentage of the test residue. 
 
NOTE.  It should be observed that the sieve correction as specified is a factor to be multiplied by the residue obtained 
and that the amount to be added to or subtracted from the residue in any given test is therefore proportional to the 
amount of residue. 
 
EXAMPLE.  Determination of sieve correction factor: 
 
Residue on 45 µm (No. 325) sieve, sample No 114  12.2% 
Residue for a 1 g sample     0.122 g 
Residue on sieve being calibrated    0.093 g 
 
Difference       =       + 0.029 g  
Correction factor = + 0.029/0.093 x 100 = + 31.18 =        + 31.2 %  

 
 

NA5  Procedure 
 
NA5.1  Place a 1.000 g of sample of the cement on a clean, dry 45 µm (No.325) sieve. 
Wet the sample thoroughly with a gentle stream of water. Remove the sieve from under the 
nozzle and adjust the pressure on the spray nozzle to (69 ± 4) kPa. Return the sieve to its 
position under the nozzle and wash for 1 min, moving the sieve with a circular motion in a 
horizontal plane at the rate of one motion per second in the spray. The bottom of the spray 
nozzle should extend below the top of the sieve frame about 12 mm. Immediately upon 
removing the sieve from the spray, rinse once with about 50 cm

3
 of distilled or deionised 

water, using caution not to lose any of the residue, and then blot the lower surface gently 
upon a damp cloth. Dry the sieve and residue in an oven or over a hot plate (See NOTE), 
supporting the sieve in such a manner that air may pass freely beneath it. Cool the sieve; 
then brush the residue from the sieve and weigh on an analytical balance capable of 
reproducing results within 0.000 5 g. 
 
NOTE. Care should be taken not to heat the sieve hot enough to soften the solder. 
 

 

NA6  Cleaning of 45 µm (No. 325) sieves 
 
NA6.1  Frequency of cleaning and calibration 
 
Sieves fitted with woven wire sieve cloth shall be cleaned after no more than five 
determinations. Sieves fitted with an electroformed reinforced sieve sheet having 71 openings 
per linear centimeter shall be cleaned after no more than the three determinations. Both types 
of sieves shall be recalibrated after no more than 100 determinations. 
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NA6.2  Acceptable cleaning procedures 
 
One option for cleaning is to place the sieve in a low-power (150 W maximum power input) 
ultrasonic bath containing an appropriate laboratory cleaning solution. The bath is to be 
operated for sufficient time (approximately 10 min to 15 min at room temperature) to remove 
particles lodged in the openings. Be apprised that electroformed sieve sheet containing more 
than  
71 openings per linear centimeter may well be damaged by ultrasonic cleaning. An option for 
cleaning which does not require an ultrasonic bath can also be employed. Immerse the sieve 
in a bath of appropriate laboratory cleaning solution heated to just below boiling point. Cover 
with a watch glass to reduce evaporation. Continue this soaking for a time sufficient to loosen 
lodged particles with a rinse following the bath. Overnight soaking in similar but unheated 
cleaning solutions is also acceptable, provided a rinse following the bath is able to wash away 
lodged particles. Cleaning or rinsing with dilute hydrochloric or acetic acid solutions is to be 
avoided. Appropriate cleaning solutions are restricted to soap or detergent-type solutions. 
 
 

NA7  Calculation 
 
NA7.1  Calculate the fineness of the cement to the nearest 0.1 % as follows: 
 

( )CRR
sc

+×= 100      (1) 

 

c
RF −=100          (2) 

 
 
where, 
 

F    is the fineness of the cement expressed as the corrected percentage passing the 45 
µm (No.325) sieve; 

 

c
R   is the corrected residue, %; 

 

s
R   is the residue from the sample retained on the 45 µm (No.325) sieves, g; and 

 

C   is the sieve correction factor (determined as prescribed in section NA.4) which may be 

either plus or minus. 
 
EXAMPLE.   
 
Sieve correction factor    =  +31.2 % 

Residue from sample being tested, 
s
R   = 0.088 g 

Corrected residue, 
c
R     = 0.088 x (100 + 31.2) 

      = 11.5 % 

Corrected amount passing, F    = 100 – 11.5 % = 88.5 % 
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NA8  Precision and bias 
 
NA8.1  Normal fineness product 
 
The multi laboratory precision has been found to be ± 0.75% (IS) as defined in ASTM E177, 
therefore, results of properly conducted tests from two different laboratories on identical 
samples of cement should agree 95% of the time within ± 2.1 %. 
 
NA8.2  High fineness product 
 
The multi laboratory precision has been found to be ± 0.50 % (IS) as defined in ASTM E177; 
therefore, results of properly conducted tests from two different laboratories on identical 
samples of cement should agree 95% of the time within ± 1.4%. 
 
NOTE. The use of outside threads instead of inside threads as shown in this figure is permissible. 

 
NA8.3  Since there is no accepted reference material suitable for determining the bias for 
the procedure in this test method, no statement on bias is being made. 
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National Annex NB  
(informative) 

 
 

Method of testing the ‘absolute’ specific surface of a reference cement 
 
 

NB1  Introduction 
 
NB1.1  Since the method specified in Clause 4 is ‘comparative rather than absolute’, there 
is a need for a ‘reference sample of known specific surface for calibration of the apparatus’. 
The determination of the ‘known specific surface’’ calls for an ‘absolute’ method of 
determining the specific surface of a reference cement and this has been given previously in 
BS 4550: Part 3: Section 3.3: 1978. The principle of this procedure has therefore been 
retained in this annex for the determination of the ‘absolute’ specific surface of a possible, 
future reference cement, ideally available from a European source, for use with this Malaysian 
Standard. Since the method in Clause 4 specifies (see 4.5.4) a porosity of 0.500 the former 
UK procedure has been modified accordingly. 
 
NB1.2  The footnote to 4.3.2 indicates that ‘at present reference cements are available 
from National Bureau of Standards’ (now known as the National Institute of Standards and 
Technology NIST) USA. The fineness Standard Reference Material (SRM), identified as NBS-
SRM 114 and available from NIST, is also obtainable in the UK. Samples of the cement are 
supplied with a certificate giving values for specific surface area in units of cm

2
/g and m

2
/kg, 

together with estimates of precision, obtained according to the ASTM Standard test method, 
C204-79. 
 
NOTE. For information on the availability of B1-30 Quartz and of NBS-SRM 114 write to Customer Information, BSI. 
Linford Wood, Milton Keynes, MK14 6LE. 

 
NB1.3  Only the first batch of NBS-SRM 114 has been characterised by reference to a 
primary standard method. Succeeding batches have been characterized by reference to each 
preceding batch. The characterisation of reference cements in this way can lead to 
cumulative errors when one batch is replaced by another and should not, therefore, be 
considered to be a long term solution to calibration. 
 
NB1.4  There is an important, fundamental difference between the methodologies of  
ASTM C 204-79 and MS EN 196-6. According to the former, cement density is always 
assumed to be 3.15 g/cm

3
, whereas according to the latter, density if determined directly (see 

4.5.3). However, acceptance of an assumed density of 3.15 g/cm
3
 for NBS-SRM 114, rather 

than a determined value (see 4.5.3 and 4.9.4), will offer a consistent reference level for 
testing based on the certified value for surface area. 
 
NB1.5  The considerations outlined above indicate a situation which is less than the ideal 
for the purposes of a reference material and presage the need for a replacement. The primary 
standard method, described in this annex, would be suitable for the characterisation of any 
such replacement material. 
 

NB2  Test principle 
 
The fineness is determined from the air permeability of a bed of cement of specified porosity 
giving specific surface expressed as total surface area in square metres per kilogram or in 
square centimeters per gram. 
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NOTE.  This method is a particular form of the general Lea and Nurse constant flow rate air permeability method 
described in appendix B of BS 4359: Part 2: 1982. 

 
 

NB3  References  
 

The titles of the standards publications referred to in this annex are as follows: 
 
BS 4359, Methods for determination of specific surface of powders - Part 2: Recommended 
air permeability methods 
 
BS 4518, Specification for metric dimensions of toroidal sealing rings (’O’ rings) and their 
housings 
 
 

NB4  Apparatus 
 
NB4.1  Permeability cell, consisting of a metal (stainless steel) cylinder, made in two 
flanged parts which are bolted together, containing a perforated plate on which is supported a 
medium filter-paper (Whatman no. 40 or similar) 32 mm in diameter. The joint between the 
flanges is rendered airtight by means of a rubber or other suitable gasket. The permeability 
cell is provided with a plunger by means of which the cement sample is formed, as described 
below, into a cylinder bed supported by the filter paper. 
 
The essential dimensions are given below: 
 
Internal diameter of upper part of cylinder D = 25.00 ± 0.03 mm; or 

D = 25.40 ± 0.03 mm 
External diameter of plunger D - 

05.0

08.0  mm 

Depth of bed space when plunger is fully inserted (10.00 ± 0.03) mm 
Depth of recess in lower part of cylinder 1.6 

0

03.0

+
−  mm 

Thickness of perforated plate 1.6 
03.0

0

−
+  mm 

The perforated plate is a push fit in the recess. A typical cell is shown in Figure NB1. 
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Figure NB1.  Details of typical permeability cell 
 
NOTE. The depth of bed space shown in Figure NB1 is 0.03 mm greater than 10.00 mm in order to allow for the filter 
paper which is compressed where it is held by the walls of the metal cylinder but not in cell itself.  

 
NB4.2  Manometers 
  
The permeability cell is to be connected to a bed manometer and a flowmeter manometer as 
shown in Figure NB2. The arms of the bed manometer and of the flowmeter are about 600 
mm long. The capillary tube of the flowmeter has a bore of not less than 0.5 mm and its 

dimensions are such that the flowmeter constant, C (as defined in NB5.2) is between 20 x 10
-

12
 and  

40 x 10
-12

 in the appropriate units. The liquid in both U-tubes is kerosene (paraffin oil). 
 
The necessary airflow may be produced by any convenient means, but the air entering the 
apparatus is to be dried by passing through a tower packed with suitable desiccant, e.g. silica 
gel. 
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Figure NB2.  Typical permeability apparatus with manometer and flowmeter 
 
 
NB4.3  Balance 
 
Capable of weighing up to at least 10 g that can be read to the nearest 0.001 g to an 
accuracy of ± 0.005 g. 
 
 
 
 
 
 



MS EN 196-6:2007 

© STANDARDS MALAYSIA 2007 - All rights reserved 19

 
 
 

NB5  Preparation 
 
NB5.1  Checking of the dimensions of the permeability cell 
 
Check the dimensions of the cell when the apparatus is received, and after every  
50 determinations, by suitable means. The depth of the bed space may be conveniently 
measured by using a test piece of hardened steel, of diameter, D – 0.2 mm and (10.10 ± 
0.03) mm deep to simulate the cement bed. Place the test piece on the filter paper in the cell, 
insert the plunger and check with a feeler gauge that the gap between the shoulder of the 
plunger and the top of the cell is (0.10 ± 0.03) mm. 
 
NB5.2  Determination of the flowmeter constant  
 
NB5.2.1   General 
 
Check the flowmeter constant every three months by either the method of NB5.2.2 or 
NB5.2.3. 
 
NB5.2.2   Collection of air over kerosine 
 
Pass dry air through the flowmeter at a constant rate for a measured time interval. Collect the 
issuing air over kerosine and measure its volume. Note the flowmeter reading and calculate 

the flowmeter constant, C  from the equation. 

 

L2ρth

Vη
C =  

where, 
 

V  is the volume (in ml) of dry air passed; 

 
η  is the viscosity (in N.s/m

2
) of air at the calibration temperature; 

 
t  is the time (in s) during which air is collected; 

 

2h  is the flowmeter reading (in mm); 

 

Lρ  is the density (in kg/m
3
) of the kerosine at the calibration temperature. 

 
The viscosity of air in N.s/m

2
 at temperatures in the range of 15 

o
C to 25 

o
C is shown below 

multiplied by 10
6
. 

 
Temperature, °C 15 17 19 21 23 25 
 to to to to to  
 16 18 20 22 24  
Viscosity 17.8 17.9 18.0 18.1 18.2 18.3 
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NB5.2.3   Bubble flowmeter 
 

Measure the flowmeter, tV / , using a previously calibrated bubble flowmeter.  In order to 

correct for the effect of water vapour pressure on the measured flowmeter, V  should be 

obtained from: 
 

P

PP
VV

v)(
'

−
=  

where, 
 

V  is the volume (in ml) of dry air passed; 

 
'

V  is the volume (in ml) of saturated air passed; 

 

P  is the atmospheric pressure at the time of test; 
 

v
P  is the water vapour pressure at the temperature of test. 

 

NOTE.  The flowmeter reading and calculate the flowmeter constant, C  using the equation in NB5.2.2. 

 
NB5.2.4   Replicate determination 
 
Repeat the determination of flowmeter constant for five flowmeter readings over the range 

150 mm to 550 mm.  Calculate the average value of C  and express the result to the nearest 

0.1 x 10
-12

 in the appropriate units. 
 
NB5.3  Calculation of the apparatus constant 
 

Calculate the value of k  for each apparatus as follows and express the result to the nearest 

10
3 
m

-1
 

 

CL

A
k

3

1

40.1 ε
ε−

=  

where, 
 
ε  is the porosity, i.e. 0.500 (see NB.6);  

 

A  is the area (in mm
2
) of the cement bed; 

 

L  is the depth (in mm) of the cement bed; 
 

C  is the flowmeter constant. 

 
For the cells made to the alternative dimensions specified in NB4.1. 
 

 D  = 25.00 mm   25.40 mm 
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 A  = 490.9 mm
2
   506.7 mm

2
 

 

 L = 10.00 mm    10.00 mm 
 
 

 
C

k
94.6

=   
C

05.7
 

 

NB5.4  Assembling and testing of the apparatus 

 
Change the filter paper after not more than five determinations. In assembling the 
permeability cell ensure that the two parts are firmly bolted together and test the cell and its 
connections for leakage. 
 
NOTE.  This is best done by disconnecting at the manometer the rubber tube leading from the lower end of the cell, 
sealing the tube with a screw clip, applying air pressure until the manometer shows a difference in level of at least 
500 mm and then sealing off the air inlet.  The reading of the manometer should not change by more than 0.5 mm in 
a period of 1 min. 
 

 
NB6  Procedure 
 
Select a mass of cement from Table NB1 for a 25.00 mm cell or from Table NB2 for a 25.40 
mm cell which, when compacted, will give a porosity of 0.500 at the measured density of the 
cement. (The porosity is defined as the ratio of the volume of pore space to the total volume 
of the bed.)  Weigh the cement to the nearest 0.001 g and brush it into the permeability cell, 
which is gently shaken from side to side to level off the surface. If the cement is lumpy it may 
first be rubbed gently with a spatula on glazed paper. 
 
Compact the contents by allowing the cell to fall four times from a height of about 10 mm on 
to the bench. Next, slowly insert the plunger and push it home so that the shoulder of the 
plunger is in contact with the top of the permeability cell. Do not twist the plunger while in 
contact with a cement surface but slowly withdraw it with a twisting motion. 
 
If, on inspection, the cement bed is seen to be disturbed, knock the sample out and repeat the 
operation with a fresh sample. 
 
Insert the upper bung and slowly turn on the air; next insert the lower bung slowly and 
carefully in order to avoid forcing air through the cement in the wrong direction. Adjust the rate 
of airflow until the flowmeter manometer shows a difference in level of 200 mm to 500 mm. 
When the levels are constant, indicating that steady conditions have been obtained, take 

readings of the difference in level 1h  of the bed manometer and of the difference in level 2h  

of the flowmeter manometer.  Repeat these observations at an airflow rate giving a flowmeter 
manometer difference of at least 50 mm from the original rate and within the above range. 
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NB7  Calculation 
 

NB7.1  Calculate the specific surface,
w
S , to the nearest m

2
/kg for each airflow rate from 

the equation. 
 
 

where, 
 

k    is the apparatus constant determined in accordance with NB.5.3; 

 
ρ   is the density (in kg/m

3
) of the cement determined in accordance with National 

Annex NC; 
 

21 / hh   is the ratio of the manometer readings determined in accordance with NB.6. 

 

Where the difference between the two values of 
w
S  is not greater than 5 m

2
/kg, calculate 

their mean and express the result to the nearest m
2
/kg. Where the difference between the two 

values of 
w
S  is greater than 5 m

2
/kg, repeat the test at a third airflow rate within the range 

given in Clause NB6 to obtain a third value of 
w
S . If any one of these three values now lies 

more than 5 m
2
/kg from either of the other two, discard it and calculate the mean of the two 

remaining values to the nearest m
2
/kg. Otherwise calculate the mean of all three values to the 

nearest m
2
/kg. Where there are no two values lying within 5 m

2
/kg of each other, repeat the 

complete procedure with another sample. 
 

NB7.2  To calculate the specific surface,
w
S , to the nearest 10 cm

2
/g, take the mean value 

obtained for 
w
S  according to NB7.1 and multiply by 10. 

 
Table NB1.  Mass of cement (in g) required to form a bed 25.00 mm in the diameter and 

10.00 mm deep having a porosity of 0.500, over density range 2 500 kg/m
3 
to 3 290 

kg/m
3
 

 
Density 

kg/m
3
 

0 10 20 30 40 50 60 70 80 90 

2500 
 
2600 
 
2700 
 
2800 
 
2900 
 
3000 
 
3100 
 
3200 

6.136 
 
6.381 
 
6.627 
 
6.872 
 
7.118 
 
7.363 
 
7.609 
 
7.854 

6.160 
 
6.406 
 
6.651 
 
6.897 
 
7.142 
 
7.388 
 
7.633 
 
7.879 

6.185 
 
6.430 
 
6.676 
 
6.921 
 
7.167 
 
7.412 
 
7.658 
 
7.903 

6.210 
 
6.445 
 
6.700 
 
6.946 
 
7.191 
 
7.437 
 
7.682 
 
7.928 

6.234 
 
6.480 
 
6.725 
 
6.970 
 
7.216 
 
7.461 
 
7.707 
 
7.952 

6.259 
 
6.504 
 
6.750 
 
6.995 
 
7.240 
 
7.486 
 
7.731 
 
7.977 

6.283 
 
6.529 
 
6.774 
 
7.019 
 
7.265 
 
7.510 
 
7.756 
 
8.001 

6.308 
 
6.553 
 
6.799 
 
7.044 
 
7.289 
 
7.535 
 
7.780 
 
8.026 

6.332 
 
6.578 
 
6.823 
 
7.069 
 
7.314 
 
7.559 
 
7.805 
 
8.050 

6.357 
 
6.602 
 
6.848 
 
7.093 
 
7.339 
 
7.584 
 
7.829 
 
8.075 

( )21 / hh
k

S
w ρ
=
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Table NB2.  Mass of cement (in g) required to form a bed 25.40 mm in diameter and 
10.00 mm deep having a porosity of 0.500, over density range 2 500 kg/m

3
 to 3 290 

kg/m
3
 

 
Density 

kg/m
3
 

0 10 20 30 40 50 60 70 80 90 

2500 
 
2600 
 
2700 
 
2800 
 
2900 
 
3000 
 
3100 
 
3200 

6.334 
 
6.587 
 
6.841 
 
7.094 
 
7.347 
 
7.601 
 
7.854 
 
8.107 

6.359 
 
6.613 
 
6.866 
 
7.119 
 
7.373 
 
7.626 
 
7.879 
 
8.133 

6.385 
 
6.638 
 
6.891 
 
7.145 
 
7.398 
 
7.651 
 
7.905 
 
8.158 

6.410 
 
6.663 
 
6.917 
 
7.170 
 
7.423 
 
7.677 
 
7.930 
 
8.183 

6.435 
 
6.689 
 
6.942 
 
7.195 
 
7.449 
 
7.702 
 
7.955 
 
8.209 

6.461 
 
6.714 
 
6.968 
 
7.221 
 
7.474 
 
7.727 
 
7.981 
 
8.234 

6.486 
 
6.739 
 
6.993 
 
7.246 
 
7.499 
 
7.753 
 
8.006 
 
8.259 

6.511 
 
6.765 
 
7.018 
 
7.271 
 
7.525 
 
7.778 
 
8.031 
 
8.285 

6.537 
 
6.790 
 
7.043 
 
7.297 
 
7.550 
 
7.803 
 
8.057 
 
8.310 

6.562 
 
6.815 
 
7.069 
 
7.322 
 
7.575 
 
7.829 
 
8.082 
 
8.335 

 

 
NB8  Reporting 
 
NB8.1  When reporting in units of m

2
/kg, report the specific surface to the nearest 1 m

2
/kg. 

 
NB8.2  When reporting in units of cm

2
/g, report the specific surface to the nearest 10 

cm
2
/g. 
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National Annex NC  
(informative) 

 
 

Standard test method for density of hydraulic cement 
 
 

NC1  Scope 
 
This test method covers determination of the density of hydraulic cement. Its particular 
usefulness is in connection with the design and control of concrete mixtures. 
 
The density of hydraulic cement is defined as the mass of a unit volume of the solids. 
 
The values stated in SI units are to be regarded as the standard. 
 
This standard does not purport to address all of the safety concerns, if any, associated with its 
use. It is responsibility of the user of this standard to establish appropriate safety and health 
practices and determine the applicability of regulatory limitations prior to use. 
 
 

NC2  Apparatus 
 
NC2.1  Le Chatelier flask 
 
The standard flask which is circular in cross section with shape and dimensions conforming 
essentially to Figure NC1 (NOTE). The requirements in regard to tolerance, inscription and 
length, spacing and uniformity of graduation will be rigidly observed. There shall be a space of 
at least 10 mm between the highest graduation mark and the lowest point of grinding for the 
glass stopper. 
 
NC2.1.1   The material of construction shall be best quality glass, transparent and free of 
striae. The glass shall be chemically resistant and shall have small thermal hysteresis. The 
flask shall be thoroughly annealed before being graduated. They shall be of sufficient 
thickness to ensure reasonable resistance to breakage. 
 
NC2.1.2   The neck shall be graduated from 0 ml to 1 ml and from 18 ml to 24 ml in 0.1 ml 
graduations. The error of any indicated capacity shall not be greater than 0.05 ml. 
 
NC2.1.3   Each flask shall bear a permanent identification number and the stopper, if not 
interchangeably ground, shall bear the same number. Interchangeable ground-glass parts 
shall be marked on both members with the standard-tapper symbol, followed by the size 
designation. The standard temperature shall be indicated, and the unit of capacity shall be 
shown by the letters ‘ml’ placed above the highest graduation mark. 
 

NC2.2  Kerosene 
 
Free of water, or naphtha, having a density greater than 0.73 g/ml at 23 

o
C ± 2 

o
C shall be 

used in the density determination.  
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NOTE.  The design is intended to ensure complete drainage of the flask when emptied, and stability of standing on a 
level surface, as well as accuracy and precision of reading. Variations of a few millimeters in such dimensions as total 
height of flask, diameter of base, etc., are to be expected and will not be considered sufficient cause for rejection. 
The dimensions of the flask shown in Figure NC1 apply only to new flasks and not to flasks in use, which meet the 
other requirements of this test method. 

 
Figure NC1.  Le Chatelier flask for determining density of cement 

 
 

NC3  Procedure 
 
NC3.1  Determine the density of cement on the material as received, unless otherwise 
specified. If the density determination on a loss-free sample is required, first ignite the sample 
as described in the test for loss of ignition in MS 196-2. 
 
NC3.2  Fill the flask (NOTE 1) with either of the liquids specified in NC2.2 to a point on the 
stem between the 0 and the 1 ml mark. Dry the inside of the flask above the level of the liquid, 
if necessary, after pouring. Record the first reading after the flask has been immersed in the 
water bath (NOTE 2) in accordance with NC3.4. 
 
NC3.3  Introduce a quantity of cement, weighed to the nearest 0.05 g (about 64 g for 
Portland cement) in small increments at the same temperature as the liquid (NOTE 1). Take 
care to avoid splashing and see that the cement does not adhere to the inside of the flask 
above the liquid. 
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A vibrating apparatus may be used to accelerate the introduction of the cement into the flask 
and to prevent the cement from sticking to the neck. After all the cement has been introduced, 
place the stopper in the flask and roll the flask in an inclined position (NOTE 1), or gently whirl 
it in a horizontal circle, so as to free the cement from air until no further air bubbles rise to the 
surface of the liquid. If a proper amount of cement has been added, the level of the liquid will 
be in its final position at some point of the upper series of graduations. Take the final reading 
after the flask has been immersed in the water bath in accordance with NC3.4. 
 
NC3.4  Immerse the flask in a constant temperature water bath for sufficient periods of 
time in order to avoid flask temperature variations greater than 0.2 

o
C between the initial and 

the final readings. 
 
NOTES: 
 
1. It is advisable to use a rubber pad on the tabletop when filling or rolling the flask. 

 
2. Before the cement has been added to the flask, a loose fitting, lead ring weight around the stem of the flask will 

be helpful in holding the flask in an upright position in the water bath, or the flask may be held in the water bath 
by a buret clamp. 

 
3. The displaced volume in milliliters is numerically equal to the displace volume in cubic centimeters. 

 
 

NC4  Calculation 
 
NC4.1  The difference between the first and the final readings represents the volume of 
liquid displaced by the mass of cement used in the test. 
 
NC4.2  Calculate the cement density ρ , as follows: 

 
ρ (Mg/m

3
) = ρ (g/cm

3
) = mass of cement, g / displaced volume, cm

3
 

 
NC4.3  Calculate the cement density, ρ , to three decimal places and round to the nearest 

0.01 Mg/m
3
.   

 
NOTES: 
 
1. Density in megagrams per cubic metre (Mg/m

3
)
  
is numerically equal to grams per cubic centimeter (g/cm

3
). 

 
2. In connection with proportioning and control of concrete mixtures, density may be more usefully expressed as 

specific gravity, the latter being a dimensionless number. Calculate the specific gravity as follows: 
 

Specific gravity = cement density/water density at 4 
o
C [at 4 

o
C the density of water is 1 Mg/m

3
 (1 g/cm

3
)] 

 
3. The use of alternative equipment or methods for determining density is permitted provided that a single operator 

can obtain result within ± 0.03 Mg/m
3
 of the results obtained using the flask method. 
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National Annex ND  
(informative) 

 
 

Reporting of results for density and specific surface 
 

 

ND1  Density 
 
This standard specifies in 4.5.3 that the density shall be recorded (mean of the two 
determinations) to the nearest 0.01 g/cm

3
.  National Annex NC gives the option of reporting in 

units of g/cm
3 

(to the nearest 0.01 g/cm
3
) or, by multiplying by 1 000, in units of kg/m

3
 (to the 

nearest 10 kg/m
3
).   

 
 

ND2  Specific surface (fineness) 
 
ND2.1  This standard specifies in 4.10 that the specific surface shall be reported (mean of 
four air flow times) ’to the nearest 10 cm

2
/g’.  National Annex NB gives the option of reporting 

the ‘absolute’ specific surface of a reference cement in units of m
2
/kg (to the nearest 1 m

2
/kg) 

or, by multiplying by 10, in units of cm
2
/g (to the nearest 10 cm

2
/g).   

 
ND2.2  The identification of the ‘reference cement of known specific surface’ should be 
reported. 
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