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PREFACE 

This Standard was prepared by Standards Australia Committee MN-007, Refractories and 

Refractory Materials, to supersede AS 1774.5—2001, Refractories and refractory 

materials—Physical test methods, Method 5: The determination of density, porosity and 

water absorption. 

The objective of this Standard is to specify a method for the determination of the bulk 

density, apparent porosity and true porosity of refractory products.  

This Standard is an adoption with national modifications and has been reproduced from 

ISO 5017:2013, Dense shaped refractory products—Determination of bulk density, 

apparent porosity and true porosity, and has been varied as indicated to take account of 

Australian conditions. Appendix ZZ lists the variations to ISO 5017:2013 for the 

application of this Standard in Australia. 

The variations listed in Appendix ZZ address issues including the following: 

(a) An alternative method for the determination of bulk density by direct measurement 

(retained from AS 1774.5—2001) has been added. 

(b) The scope has been expanded to include monolithic refractories. 

The direct measurement method is presented in the normative Appendix ZA. 

As this Standard is reproduced from an International Standard, the following applies: 

(i) In the source text ‘this International Standard’ should read ‘this Australian Standard’. 

(ii) A full point substitutes for a comma when referring to a decimal marker. 

References to International Standards should be replaced by references to Australian or 

Australian/New Zealand Standards, as follows: 

Reference to International Standard  Australian Standard 

ISO  AS 

5018 Refractory materials—Determination 

of true density 

 1774 Refractories and refractory 

materials—Physical test methods 

   1774.6 Method 6: Determination of true 

density 

Only normative references that have been adopted as Australian or Australian/New Zealand 

Standards have been listed. 

The term ‘normative’ has been used in this Standard to define the application of the 

appendix to which it applies. A ‘normative’ appendix is an integral part of a Standard.
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METHOD 

 

 ISO 5017:2013(E)

Dense shaped refractory products — Determination of 
bulk density, apparent porosity and true porosity

1 Scope

This International Standard specifies a method for the determination of the bulk density, apparent 
porosity and true porosity of dense shaped refractory products.

2 Normative references

The following documents, in whole or in part, are normatively referenced in this document and are 
indispensable for its application. For dated references, only the edition cited applies. For undated 
references, the latest edition of the referenced document (including any amendments) applies.

ISO 758, Liquid chemical products for industrial use — Determination of density at 20 °C

ISO 5018, Refractory materials — Determination of true density

3	 Terms	and	definitions

For the purposes of this document, the following terms and definitions apply.

3.1
bulk density
ρb
ratio of the mass of the dry material of a porous body to its bulk volume, expressed in grams per cubic 
centimetre or in kilograms per cubic metre

3.2
bulk volume
Vb
sum of the volumes of the solid material, the open pores and the closed pores in a porous body

Note 1 to entry: The roughness of the surface limits the accuracy of definition of the bulk volume and consequently, 
that of the bulk density. Also, the concept of bulk density becomes less precise when the volume of the sample 
diminishes below certain limits or when its texture (size of pores and grains) is too coarse.

3.3
true density
ρt
ratio of the mass of the dry material of a porous body to its true volume, expressed in grams per cubic 
centimetre or in kilograms per cubic metre, determined in accordance with ISO 5018

3.4
true volume
volume of the solid material in a porous body

3.5
open pores
those pores that are penetrated by the immersion liquid in the test described

Note 1 to entry: These pores are, in principle, all those that are connected with the atmosphere, either directly 
or via one another. Here also the roughness of the surface imposes a limit to the accuracy of the definition of the 
volume of the open pores.
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3.6
closed pores
those pores that are not penetrated by the immersion liquid in the test described

3.7
apparent porosity
πa
ratio of the total volume of the open pores in a porous body to its bulk volume, expressed as a percentage 
of the bulk volume

3.8
closed porosity
πf
ratio of the total volume of the closed pores in a porous body to its bulk volume, expressed as a percentage 
of the bulk volume

3.9
true porosity
πt
the ratio of the total volume of the open and closed pores to the bulk volume of the material, expressed 
as a percentage

Note 1 to entry: Consequently, the true porosity is the sum of the apparent porosity and the closed porosity.

3.10
dense shaped refractory product
product having a true porosity of less than 45 % (V/V)

4	 Principle

4.1	 The following are determined by weighing:

	 the mass of a dry test piece;

	 its apparent mass when immersed in a liquid with which it has been impregnated under vacuum;

	 its mass in air while still soaked with the liquid.

From these values and from the true density of the material, determined by the method specified in 
ISO 5018, the bulk density, apparent porosity and true porosity are determined by calculation.

4.2	 The precision of the results does not require any correction to be made for the fact that weighings 
are carried out in air, not in a vacuum.

5	 Apparatus and materials

5.1	 Drying oven, capable of being controlled at 150 °C ± 10 °C.

NOTE	 A fan-assisted oven with ventilation would assist in attaining an even temperature distribution and 
efficient drying of the test pieces.

5.2	 Balance, with an accuracy of ± 0,01 g, that can be arranged so that test pieces can be suspended in 
the immersion liquid (see Figure 1).

5.3	 Beakers, of a suitable size for containing the samples during soaking (see 7.2) and when determining 
the apparent immersed mass (see 7.3).
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5.4	 Evacuating equipment, capable of reducing the absolute pressure to a value no greater than 
2 500 Pa (0,025 bar) and a means of measuring the pressure used (see Figure 1).

5.5	 Thermometer, accurate to ± 1 °C.

5.6	 Immersion liquid. For materials that do not react with water, the immersion liquid may be cold 
distilled water or deionized water. For materials that are sensitive to contact with water, a suitable organic 
liquid shall be used. The immersion liquid shall not fractionate at a pressure above the absolute pressure 
attained in the test. The liquid shall be exchanged when staining or haze appears.

NOTE	 Distilled paraffin may be used for hydratable materials.

5.7	 Desiccator.

6	 Number and shape of test pieces

6.1	 The number of items (for example, bricks, shapes, nozzles) to be tested shall be a minimum of two 
items per batch or shall be otherwise determined by agreement between the interested parties.

6.2	 The number of test pieces to be tested per item shall be agreed between the parties and shall be 
stated in the test report. If the test pieces are cut out of bricks or blocks, the same number shall be cut 
from each one, in order to facilitate statistical analysis.

6.3	 Test pieces shall be cut in the form of prisms or cylinders. The bulk volume of a test piece shall 
be not less than 50 cm3, and shall be not more than 200 cm3. The ratio of the longest to the shortest 
dimension of a test piece shall not exceed 2:1.

NOTE 1	 Where it is not possible to obtain the given size and volume from the item, test pieces of other 
dimensions and volume may be used by agreement between parties, and are to be reported.

NOTE 2	 If test pieces are to be cut from an item in which variations in density could occur, the position of the 
test pieces should be agreed between parties and stated in the test report.

6.4	 Any test piece showing cracks shall be eliminated, since these might falsify the determination of 
the bulk volume.

7	 Procedure

7.1	 Determination of mass of dry test piece (m1)

See Figure 1.

Dry the test piece at 110°C ± 5 °C to constant mass, i.e. until two successive weighings made before and 
after at least 2 h in the oven (5.1) do not differ by more than 0,1 %.

NOTE	 Alkaline products may be dried to 150°C ± 10 °C to quickly pass the critical temperature range of hydration.

Before each weighing, place the test piece in a desiccator (5.7) until it has cooled to room temperature. 
Weigh each test piece to the nearest 0,01 g. The mass determined is the mass of the dry test piece (m1).

7.2	 Soaking of test piece

See Figure 1.

Carry out a check test to ensure that the apparatus will hold a vacuum. Place the cooled and dried test 
piece in an airtight vessel. After sealing the vessel, evacuate it until a pressure of not more than 2 500 Pa 
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