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. IMPORTANT NOTE. It is recommended that this Section 3. Apparatus

be read in conjunction with the information in the

‘General introduction’ to BS 4550 and with the information
in BS 4550 : Part 3, Section 3.1, which are both issued
separately,

The following apparatus is required.

3.1 Permeability cell. The permeability cell shall consist
of a metal* cylinder made in two flanged parts which are
bolted together, containing a perforated plate on which is
1. Test principle supported a medium filter-papert 32 mm in diameter.
The joint between the flanges is rendered airtight by
means of a rubber or other suitable gasket. The perm-
eability cell is provided with a plunger by means of which
the cement sample is formed, as described below, into a
cylindrical bed supported by the filter paper.

The fineness of cement is determined by a procedure giving
specific surface expressed as total surface area in square
metres per kilogram.

NOTE. This method is a particuiar form of the general Lea and
Nurse constant flow rate air permeability method described in
| appendix B of BS 4369 : Part 2 : 1982.

2. References

The titles of the standards publications referred to in this
Section are listed on the inside back cover.

*Stainless steel is recommended.
tWhatman no. 40 or similar filter paper is suitable.
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The essential dimensions are given below:

Internal diameter of upper D = 25,00 = 0.03 mm or
part of cylinder D =26.,40 + 0.03 mm

External diameter 0.05

p_0
of plunger 0.08™"
Depth of bed space when 10.00 * 0.03 mm
plunger is fully inserted o
Depth of recess in lower +0
part of cylinder 16 _ 0.03™™
Thickness of perforated 16 +0.03 mm
plate -0

The perforated plate is a push fit in the recess.
A typical cell is shown in figure 1%,

3.2 Manometers. The permeability cell shall be connected
to a bed manometer and a flowmeter manometer as shown
in figure 2. The arms of the manometer and of the flow-
meter are about 600 mm long. The capillary tube of the
flowmeter shall have a bore of not less than 0.5 mm and
its dimensions shall be such that the flowmeter constant C
(as defined in 4.2) is between 20 X 107 and 40 x 10"*2
metric units. The liquid in both U-tubes is kerosine
(paraffin oil).

The necessary airflow may be produced by any convenient
means, but the air entering the apparatus shall be dried by
passing through a tower packed with a suitable desiccant,
e.g. silica gel.

NOTE, While the apparatus described above should be regarded as

standard, alternative forms of air permeability apparatus may also
be usad provided they have been calibrated against the standard

.apparatus.
3.3 Balance. Capable of weighing up to at least 10 g that\

~can be read to the nearest 0.007 g to an accuracy of

+0.005 g.’
4. Preparation

4.1 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.

4,2 Determination of the flowmeter constant, Check the
flowmeter constant every three months. 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. Calculate

_n
thapL

where
V is the volume {in ml) of dry air passed

n s the viscosity (in Ns/m*) of air at the calibration
temperature

78 lb24bbY DUD&EI?? 0 &

t s the time {in s) during which air is collected
hy
AL

is the flowmeter reading (in mm)
is the density (in kg/m?) of the kerosine at the
calibration temperature

The viscosity of air in N s/m? at temperatures in the
range of 15 °C to 25 °C is shown below multiplied by 10°.

Temp.°C 15 17 19 21 23 25
t016 to18 1020 to22 to24
Viscosity 17.8 179 180 181 18.2. 18.3

Repeat this process for five flowmeter readings over the
range of 150 mm-to 550 mm. Calculate the average value
of C and express the result to the nearest 0.1 x 1072
metric units.

A\

4.3 Calibration of the apparatus. Calculate the value of &
for each apparatus as follows and express the result to the
nearest 10° m"!

1.40 / e3_A
CL
where

1—-¢€
€ is the porosity, i.e. 0.475 (see clause 5)
A s the area (in mm?) of the cement bed
L is the depth (in mm) of the cement bed
C

For apparatus made to the alternative dimensions
specified in 3.1.

k:

is the flowmeter constant

D = 25,00 mm 25.40 mm
A =490.9 mm? 506.7 mm?
L =10.00 mm 10.00 mm
6.12 6.21
and k = —— —_—_
V/C Ve

4.4 Assembling aMstmg of the apparatus. Change the filter paper

after not more than five determination®.In re-assembling B
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
adifference 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,

B. Procedure

Select a mass of cement from table 1 for a 25.00 mm cell
or from table 2 for a 25.40 mm cell which, when
compacted, will give a porosity of 0.475 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 g7and brush it
into the permeabhility 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.

A

*The depth of bed space shown in figure 1 is 0.03 mm greater than 10. 00 mm in order to allow for the filter paver which is @@@WUMents
‘where it is held by the walls of the metal cylinder but not in the cell itself. —_——TT

e
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A Table 1. Mass of cement (in g) required to form a bed 25.00 mm in
N diameter and 10.00 mm deep having a porosity of 0.475 over density
’ range 2500 kg/m® to 3290 kg/m?3

Density | 0 10 20 30 40 ‘50 60 70 80 90

kg/m®

2500 | 6.443]6.469| 6.494 | 6.520| 6.546| 6.572| 6.597| 6.623| 6.649 6.675. .
12600 16.700]6.726| 6.752 | 6.778| 6.804 | 6.829] 6.855] 6.881| 6.907 6.932. -~
2700 |6.9586.984|7.010]7.035]7.061]7.087| 7.113] 7.139| 7.164 7.190
2800 |7.216]7.242(7.267(7.203(7.319] 7.345 7.370| 7.396| 7.422| 7.448"
2900 17.474|7.499|7.525|7.551|7.577]7.602| 7.628]| 7.654] 7.680| 7.705
3000 |7.731)7.757|7.783|7.809| 7.834| 7.860]| 7.886| 7.912| 7.937| 7.963"
13100 |7.989|8.015]8.040|8.066] 8.092]8.118] 8.144| 8.169| 8.195 8.221:

3200 }8.247(8.272|8.298 8.324] 8.350 8.376 8.401 78.4?7 8.453| 8.479

A Table 2. Mass of cémenit‘( in g) required to form a bed 25.40 mm in diameter’
and 10.00 mm deep having a porosity of 0.475 over density range
2500 kg/m? to 3290 kg/m?

' Density [ 0 10 20 30 40 50 60 |.70 80 90

kg/m3

2500 | 6.651] 6.677 6.704 6.730| 6.757 | 6.784 | 6.810] 6.837] 6.863 6.890
2600 |6.917]6.943| 6.970| 6.996] 7.023| 7.050| 7.076] 7.103] 7.129| 7.156
2700 17.183|7.209|7.236|7.262| 7.289| 7.316] 7.342| 7.369| 7.395 | 7.422
2800 |7.449|7.475|7.502|7.628 | 7.555 | 7.582 7.608| 7.635 7.661| 7.688
2900 |7.7157.741|7.768|7.794| 7.821| 7.848] 7.874] 7.901] 7.927| 7 954
- 3000 }7.981/8.007 | 8.034 8.060] 8.087[8.114| 8.140[ 8.167| 8.193| 8.220 - T
3100 18.247|8.273]8.300| 8.326 8.353| 8.380| 8.406 8.433| 8.459| 8.486

3200 |8.513)8.539|8.566|8.592|8.619]8.646 8.672| 8.699 8.725| 8.752

Compact the contents by allbwing the cell to fall four Clause 6. Calculation.

times from a height of about 10 mm on to the bench. “Calculate the specific rsu'rface, Sw. as follows for each airflow é\.-.
Next, slowly insert the plunger and push it home so that e rate, to the nearest 1 m?/kg’, )
the shoulder of the plunger is in contact with the top of | ~  Delete the last two lines and substitute:

the permeability cell. Do not twist the plunger while in - Ty

contact with the cement surface but slowly withdraw it . —L s the ratio of the manometer readings determined

with a twisting motion. 2 in accordance with clause 5.

‘_ If, on inspection, the cement bed is seen to be disturbed, 1 Where the difference between the two values of S, is not
knock the sample out and repeat the operation with a -4 greater than 10 m?/kg, calculate their mean and express )
fresh sample. i the result to the nearest 5 m? /kg.

Insert the upper bung and slowly turn on the air; R Where the difference between the two values of S,,, is -
next insert the lower bung slowly and carefully in order - ) greater than 10 mz/kg, repeat the test at a third airflow
to avoid forcing air through the cement in the wrong = - rate within the range given in clause 5 to obtain a third
‘ direction. Adjust the rate of airflow until the flowmefcer o value of S,,. If any one of these three values now lies more
A - Mmanometer shows a difference in level of 200 mm to P than 10 m? /kg from either- of the other two discard it and
500 mm. When the levels are constant, indicating that \ calculate the mean of the two remaining values to the
steady conditions have been obtained, take readings of e nearest 5 m? /kg, Otherwise calculate the mean of all three
the difference in level A1, of the bed manometer and of - values to the nearest 5 m? /kg.
Fhe dlffer:ence n Ievel‘hz of the ﬂ.owmeter mernf)meter. Where there are no two values Iying within 10 m? /kg of
Repeat these observations at an airflow rate giving a N each other, repeat the complete procedure with another
flowmeter manometer difference at least 50 mm different _sample.’
from the original rate and within the above range.’ P /*/71
. p hy
where
k . is the constant of the apparatus determined in
. ) accordance with 4.3
P is the density (in kg/m®} of the cement -

determined in accordance Wih@ @A n'tS

: e ) 11y is the average ratia ¢f th» manometer readings s ;-
- ~=x v Ny determined in accordance with clause 5 &

Sl T R = —_ - e e
. i=- 7. Report . =

_Report the specific surface to the nearest 5 m2/ka. '

R AN
> -z I S
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