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Testing refers to the standards listed:   
                                    
AS/NZS 4455.1:2008
Masonry units, pavers, flags and segmental retaining wall units - Masonry units
Provides users and specifiers with the requirements for masonry units used in pavement construction.

AS/NZS 4456:2003
Masonry units, segmental pavers and flags - Methods of test
Provides a general introduction and a series of 19 test methods for masonry units and segmental pavers. The tests are for sampling, 
mean and standard deviation, and for determining dimensions, compressive strength, breaking load, potential to effloresce, core 
percentage and material thickness, moisture content and dry density, abrasion resistance, resistance to salt attack, expansion, con-
traction, pitting due to salt attack, expansion, contraction, pitting due to lime particles, water absorption properties, lateral modulus 
of rupture, permeability to water, rate of absorption and tensile strength.

Technical and Aesthetic properties 
of our clay bricks and pavers



PHONE  0800 274 257   |   www.thebrickery .co.nz

Definition of First Quality
First quality product complies with the technical and aesthetic properties specified by Austral BricksTM

Technical properties
“A measure of mechanical characteristics of a material – how it will perform”

•	 Tested in our laboratory as per applicable Australian Standard test methods AS/NZS 4456
•	 The technical properties that are tested are specified on product data sheets that can be  
	 found at www.australbricks.com.au
•	 They include dimensional category, breaking load, compressive strength, estimated 15 years coefficient of  
	 expansion, cold water absorption, initial rate of absorption, durability class, potential to effloresce,  
	 pitting due to line, perforation volume, abrasion resistance category

Aesthetic properties
“The properties of aesthetics are the texture, shape and colour - it must appeal to the customers and must feel nice”

•	 Assessment is conducted by viewing a dry-stacked panel of 100 units sampled from every 15th car out of the kiln
•	 Compared against master reference boards for colour consistency and graded accordingly
•	 Includes texture, slurry application, cracking, squareness, shape, arris treatment, face markings
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Assessment of Technical Properties

Dimensional category (AS/NZS 4456.3)
AS/NZS 4455 Masonry units and segmental pavers calls for bricks, blocks and pavers to be classified into dimensional cate-
gories based on their deviation from their work size, or the size specified in manufacture.

Users of pavers will often want to know how much variation there is in the size of their pavers. Consistency of dimensions is 
important whenever patterns or straight lines need to be maintained in a paved area, particularly when pavers are butted up 
against one another.

Under this standard test, 20 pavers can be either measured individually (Method B, which is more appropriate for concrete 
products) for length, width and thickness, or they can be placed side by side, end to end, etc and their cumulative dimensions 
measured (Method A, which is more appropriate for clay products).

•	 Measured cumulatively over 20 units and compared against the specified work size, i.e. the distance from  
	 the first to the last brick or paver

•	 (AS/NZS 4455 requires the manufacturer to specify the work size and meet category DW1 or DPA1  
	 as a minimum)

DIMENSIONAL DEVIATIONS OF MASONRY UNITS

CATEGORY

NOTES:

WORK SIZE DIMENSIONS (mm)

UNDER 150

50

40

90

60

100

70

150 to 250

Not Required

Values declared by the supplier or by agreement between the supplier and purchaser

Standard deviation of not more than 2mm and a difference between 
the mean and the work size of not more than 3mm 

OVER 250

DW0

DW1 (see note 1)

DW2 (see note 1)

DW3

DW4

1. For DW1 and DW2 refer to the AS/NZS 4456.3 test method for determination of cumulative dimensions.The values given 
are measured over 20 units.

2. For DW4 refer to the AS/NZS 4456.3 test method for determination of measurements for individual units.
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Testing to Category DW1

Length is tested over 20 bricks placed end to end –  
Standard equals 4,600mm ±60mm
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Width is tested over 20 bricks placed side by side 
2,200mm ±40mm

         Height (thickness) is tested over 20 bricks placed top to bottom 
1,520mm ±40mm
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Compressive strength (AS/NZS 4456.4)
This is the ability of the masonry unit (brick or block) to resist crushing loads, e.g. the weight of the roof that the wall is sup-
porting, plus the weight of the wall itself.  The designer of the structure needs to be sure that the masonry unit will be able to 
carry the load being placed upon it, including any live loads.

•	 This is more relevant to bricks than pavers
•	 AS/NZS 4455 requires the compressive strength to be specified for masonry units. There is no specified  
	 minimum for pavers

The brick sample is crushed in a hydraulic press
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Breaking load (AS/NZS 4456.5) 
This test, also known as transverse strength, measures the force needed to break a paver (or brick) in half. The paver is sup-
ported on two beams, 25 mm in from each end, and the force is applied via another beam in the centre. The results of this 
test are reported in kilo newtons (kN). They’re a measure of the paver’s ability to resist the stresses of handling, transporting 
and laying, and the loads likely to be encountered in service. Pavers with a breaking load of 2kN or more are deemed to be 
strong enough to be transported and laid. Higher strengths (5kN and up) are needed for driveways, roads, etc. Normally the 
breaking load test is done on a sample of 10 pavers of the same size.

•	 AS/NZS 4455 specifies a minimum characteristic breaking load of 2kN for pavers. The is no specified minimum 	
	 for bricks) 
•	 Sample is broken in half by a hydraulic bar
•	 More relevant to pavers than bricks

Sample is broken in half by a hydraulic bar
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Potential to Effloresce (AS/NZS 4456.6) 
Efflorescence is a deposit of salts, usually white, on the surface of bricks and blocks after being laid. The salts usually come 
from ground water or out of the mortar, but may come from within the masonry units themselves. This test predicts the likeli-
hood that the units will display such unsightly deposits from salts that they already contain.

•	 The sample sits in water which is drawn into the brick and evaporates from the exposed surfaces
•	 After 7 days the sample is removed and compared against a dry sample to determine the level of  
	 efflorescence (salts) that have formed
•	 Efflorescence categories are:
	 o	 Nil – No observable efflorescence (salt)
	 o	 Slight – Less than 10% of surface covered by salt
	 o	 Moderate – More than 10% but less than 50% of surface covered by salt
	 o	 Heavy – More than 50% of surface covered by salt
	 o	 Severe – Any efflorescence that causes powering or flaking of the surface of the Product
(AS/NZS 4455 specifies Slight as the maximum category for first quality product)

Sample soaking next to control sample
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Perforation volume (AS/NZS 4456.7) 
There are three reasons for determining the perforation volume: 

When assessing the Initial Rate of Absorption (see page 16), the perforation volume must be taken into account to calculate 
the net IRA from the gross IRA. This allows the IRA of bricks having different perforation volumes to be directly compared 
based on the “suction” inherent to the material rather than the gross IRA result that is influenced strongly by the perforation 
volume.

To ensure that the brick is less than 30% perforated, which then deems the product to comply with applicable fire ratings as 
per Australian building standards.

To determine the material thickness (through the wall) of the brick, which is sometimes used in engineering calculations as 
per Australian building standards.

•	 Sand is poured into the core holes and the volume of sand measured
•	 The sand volume is divided by the measured volume to determine the percentage of perforation
•	 (AS/NZS 4455 does not specify a minimum or maximum perforation volume)

The cores of the brick are filled  
with sand

The brick is removed and the sand 
collected 

The sand volume is measured
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Abrasion resistance (AS/NZS 4456.9) 
Pavers are generally subjected to abrasive wear on their top surface in use. This is typically from foot traffic (high-heeled 
shoes are particularly tough on pavers), but also from vehicular traffic.

The laboratory test for abrasion resistance involves bombarding the paver surface with hundreds of steel ball bearings.  
Sixteen pavers (or segments of pavers) are fixed to the outside of a drum containing the ball bearings, and as the drum 
rotates the ball bearings tumble and roll against the pavers through round holes in the drum. After an hour of this treatment, 
the pavers are weighed to measure the mass loss, which is then converted to a volume loss and reported as the  
abrasion index.

Pavers with an abrasion index of 3.5 or less are considered suitable for high-volume pedestrian traffic (e.g. shopping centre 
entrances & pedestrian malls). Up to 5 is OK for roads and low-volume public footpaths, and for domestic driveways around 
7 is acceptable.

•	 Pavers are abraded by 600 steel ball bearings when rotated through 3600 revolutions on the tumbler  
	 abrasion equipment
•	 The mass of the paver that is lost through tumbling is converted to a volume in cubic centimetres (cm3)  
	 which is then used to calculate the mean abrasion index
•	 This test simulates the action of stiletto heal shoes on pavers used in areas of high pedestrian traffic
•	 AS/NZS 4455 does not specify a maximum abrasion index

The pavers are clamped to the tumbler ready to rotate (4 pavers on 
each side of the drum)
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There are 600 ball bearings inside the tumbler to simulate  
stiletto heel impact

The pavers showing the simulated wear after 3600 revolutions
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Durability class (AS/NZS 4456.10) 
In some situations, bricks/pavers can be attacked by salts from ground water, swimming pools, spas etc.  How resistant a 
given brick/paver is to the effects of salt crystallisation will depend on things like the porosity of the brick/paver and the 
strength of the material the brick/paver is made from, as well as the concentration and type of salt, and moisture and tem-
perature conditions.
Bricks and blocks may be classed as Exposure Grade if they either have a history of coping with a salty environment, or have 
passed a laboratory test which simulates such conditions.  Units are required to be exposure grade, according to AS 3700 
Masonry Structures, wherever they are 
•	 in contact with aggressive soils (e.g. with high concentrations of salts in the ground- water), or 
•	 in a “severe marine environment”, i.e. within 1 kilometre of a surf coast or 100 metres of a bay side coast.
The lab test puts small segments of the masonry units through a series of 40 cycles of alternate soaking in a salt solution, 
then drying in an oven.  If the specimens survive the 40 cycles with less than a specified loss in mass, they’ve passed the 
test

•	 Measures the resistance to attack by sodium sulphate (ground salts) and sodium chloride (sea salts)
•	 Test runs for 40 cycles of immersion in saline solution followed by oven drying
•	 Failure is a loss of more than 0.4 grams on any 1 of 5 samples

Samples soaking in salt solution

Samples drying to crystallise salts
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There are three classes of durability that the bricks or pavers can be classified as after the results of the testing.  
AS/NZS 4455 requires the manufacturer to specify the durability.

1.	 Exposure class durability
	 a.	 This class is expected to be achieved if the product survives more than 40 cycles without failure.
	 b.	 Exposure grade products can be used where walls are in contact with ground salts or sea salts, and can  
		  be used in retaining walls
	 c.	 Exposure grade products must be used up to 1kilometres from a surf coast and up to 100 metres from  
		  an inlet or bay

2.	 General Purpose class durability
	 a.	 This class is expected to be achieved if failure occurs between 15 and 40 cycles, while products 		
		  that fail before 15 cycles are likely to be Protected
	 b.	 General Purpose class products can be used in all areas except exposure grade

3.	 Protected class durability
	 a.	 These products are suitable only for use in walls above the damp proof course provided they are  
		  covered at the top (by a roof or eaves or similar) or rendered/painted or in internal walls
	 b.	 They are not to be used within 10km of a surf coast or up to 1km from an inlet or bay

This test method is a guide only, and does not over-ride manufacturers or suppliers experience in classifying the durability 
of a product based on historic performance in the field.
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Moisture expansion (AS/NZS 4456.11) 
All fired clay bricks expand slowly after their manufacture, by taking up moisture out of the atmosphere. The expansion 
continues for many years, and needs to be taken into account, in building design.  To predict the long-term expansion, a brick 
length can be accurately measured before and after a laboratory steam treatment and the change in length used to estimate 
how much the brick will expand in 15 years. 

Information on how far a used brick has already expanded (“past expansion”) can be gained from re-firing the brick in a  
laboratory kiln, and measuring its shrinkage.  How far the used bricks still have to expand (“residual expansion”) can be 
assessed by the difference between these two measurements. 

These expansion characteristics depend on the clays used in making the bricks, and on the manufacturing process itself.

•	 Kiln-fresh product is measured then steamed and re-measured
•	 The resulting expansion in millimetres represents the expansion per metre of wall or pavement, and is  
	 expressed as mm/m
•	 Steaming expands the product and represents 15 years of expansion
•	 There is no maximum expansion specified by AS/NZS 4455

Measuring frame with micrometer

Bricks loaded ready to be steamed
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Lime pitting (AS/NZS 4456.13) 

•	 Product is steamed to hydrate (expand) any lime particles in the body
•	 When lime near the surface expands it causes a thin piece of the product to flake off which makes the surface 	
	 appear chipped
•	 Lime pitting categories are:
	 o Nil		  No visible pits
	 o Slight		  Up to 5 pits, none over 5mm diameter
	 o Moderate	 No pit over 10mm diameter
	 o Severe		 Pit or pits over 10mm diameter
•	 There is no maximum category specified by AS/NZS 4455

Assessment of lime pitting after steaming for moisture  
expansion assessment
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24 hour cold water absorption (AS/NZS 4456.14) 
A standard soaking-in-water test can determine the porosity of bricks and blocks, which can then be used as an indication of 
the potential for the development of problems related to the penetration of salts and other materials into the units, such as 
salt attack and efflorescence.

•	 Dry product is soaked in water for 24 hours
•	 The percentage increase in mass (based on original dry mass) is the percentage 24 hour cold water  
	 absorption (% 24 hour CWA)
•	 (AS/NZS 4455 does not specify maximum cold water absorption

Initial rate of absorption (AS/NZS 4456.17) 
As soon as the bricklayer puts the mortar on a brick, the brick starts to absorb water out of the mortar.  The microscopic 
pores in the brick soak up the water, which carries with it some of the partly-dissolved cement and lime.  It’s the setting of 
this cementitious material within the brick pores that provides most of the bond between the brick and the mortar, and thus 
gives the wall its strength. 

To get the best bond, it’s important to match the “suction” of the brick to the water-retaining properties of the mortar.  If 
the initial rate of absorption of the brick is too high for the mortar that’s being used, the mortar may dry out too quickly and 
stiffen before the next course can be laid.  If it’s too low, not enough cementitious material is drawn up into the brick pores.  
In either case, the bond strength will suffer. 

The Initial Rate of Absorption test measures the amount of water a dry brick can soak up during the first minute of contact 
with water.

•	 The rate of absorption (IRA) is measured in kilograms of water per square metre of bed face  
	 per minute (kg/m2/min
•	 AS/NZS 4455 does not specify maximum or minimum IRA

Water being soaked up is visible in the brick face



PHONE  0800 274 257   |   www.thebrickery .co.nz

Slip resistance (AS/NZS 4586.1) 
The most common test for slip resistance involves sliding a rubber pad on the end of a pendulum across the wet paver 
surface and measuring how far the pendulum swings up on the other side. The more slippery the paver surface, the lower the 
test result, which is reported as “British Pendulum Number”. Depending on this value, the paver can be classified as Class V 
(least slippery) through to Class Z (most slippery).

•	 Spring-loaded rubber slider on foot of pendulum skids over the surface of a wet paver and gives a  
	 British Pendulum Number (BPN) result
•	 The contribution of the floor surface to the risk of slipping when wet is classed (V) - very low if a BPN of >44  
	 is achieved. Class (W) – low is for a BPN between 40 and 44
•	 AS/NZS 4586 does not specify a minimum slip resistance class

The TRRL rubber slider ready for release over  
wet paver

British Pendulum Number (BPN) result is read directly 
from the scale on the machine
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Assessment of Aesthetic Properties

Colour (colour reference boards)
•	 Each batch of product is compared against master reference boards for colour consistency and  
	 graded accordingly
•	 A grade of “5” represents the mid-range blend of colour
•	 A grade of “4” is the lightest acceptable blend of colour
•	 A grade of “6” is the darkest acceptable blend of colour

4: Lightest 5: Mid-range 6: Darkest
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Cracking (based on ASTM C216-04 8.4.1, 8.5 & ASTM C902-93 7.1, 7.4)
•	 Since there is no Australian standard for assessment of cracking in clay bricks and pavers, we have adopted  
	 the most stringent categories from the relevant American Standard Test Methods (ASTM)
•	 ASTM C216-04 specifies that Regular type bricks must contain less than 5% visible cracking when viewed from  
	 a distance of 6.1 metres
•	 ASTM C902-93 specifies that High volume pedestrian and Vehicular type pavers must contain less than 5%  
	 visible cracking when viewed from a distance of 4.6 metres
•	 Cracks through the back of a brick, and superficial hairline cracks in the face are not visible from 6.1 metres,  
	 and will not affect the technical properties or performance of the brick in a wall

Cracks in the back of the brick

Cracks penetrate to the core but not to the face

Superficial face crack that does not penetrate to the 
core (above right)
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•	 The wall below contains 100 bricks. Four are cracked (visible from 6.1m). These 100 bricks are of acceptable  
	 quality for cracking at 4%.

Can you spot the four examples below in this wall?

Of the 100 bricks in this wall only 4 showed visible cracking when viewed at 6.1 metres

1st example 2nd example 3rd example 4th example
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Of the 100 bricks in this wall only 4 showed visible cracking when viewed at 6.1 metres

1

2

3

4

Brick 1 Brick 2

Brick 3 Brick 4
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Chipping (based on ASTM C216-04 8.4 & ASTM C902-93 7.3) 
•	 Since there is no New Zealand and Australian standard for assessment of chipping in clay bricks and pavers, we 	
	 have adopted the most stringent categories from the relevant American Standard Test Methods (ASTM)
•	 ASTM C216-04 specifies that Regular type bricks must contain less than 10% of bricks displaying chipping
•	 ASTM C902-93 specifies that High volume pedestrian and Vehicular type pavers must contain less than 5% of 		
	 pavers displaying chipping, and that the sum of all chips per paver must be less than 70mm
•	 Only product with chips greater than 6mm on the edge or greater than 9.5mm on the corner are to be  
	 counted when determining the percentage chipped

5.9mm chip in edge is acceptable

9.4mm chip in corner is acceptable
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Distortion (based on ASTM C216-04 10.2, 10.3 & ASTM C902-93 6.4)
•	 Since there is no Australian standard for assessment of distortion in clay bricks and pavers, we have adopted the 	
	 most stringent categories for Warping, Burring, Lipping and Wedging from the relevant American Standard Test 	
	 Methods (ASTM)
•	 ASTM C216-04 specifies that Regular type bricks must not be distorted or out of square by more than 3.2mm 		
	 along the stretcher or 2.4mm along the perpend
•	 ASTM C902-93 specifies that High volume pedestrian and Vehicular type pavers must not be distorted or out of 	
	 square by more than 2.4mm along the stretcher or 1.6mm along the header
•	 All types of distortion and out of square can be measured using a straight-edge, Vernier callipers and 	
	 measuring wedge

Distortion on Stretcher Distortion on Perpend

Acceptable on stretcher at 2.25mm Measuring wedge for distortion
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Face marking & Texture (colour reference boards)
•	 No standard exists for these features of the product
•	 Face texture and markings that occur occasionally are characteristics of the extrusion process and are typically 	
	 expected to fall within the range exhibited by samples displayed on colour reference boards
•	 Face marking/texture similar to the examples below is acceptable when observed on less than 5% of the
 	 products in the batch or delivery

Occasional face marking/texture

Arris feature
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