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Hydraulic Engineering

The AS/NZS 3500 series represents the fundamental regulatory framework governing the design,

installation, and commissioning of plumbing and drainage systems across Australia and New

Zealand. As a joint standard developed by Standards Australia and Standards New Zealand, it

serves as the primary technical benchmark referenced under the National Construction Code

(NCC), specifically Volume Three, the Plumbing Code of Australia (PCA). For engineers, lead

plumbers, and site managers, a nuanced understanding of these standards is not merely a matter

of best practice but a legal mandate to ensure public health, safety, and infrastructure longevity.

The Regulatory Framework and the Role of WS-014

The development and continuous revision of the AS/NZS 3500 suite are managed by the Joint

Technical Committee WS-014. This committee consists of industry stakeholders, government

representatives, and technical experts who ensure that the standards evolve alongside

technological advancements in materials and hydraulic engineering. The primary objective is to

mitigate risks associated with water contamination, structural damage from leakage, and system

failure under varying environmental conditions.

The Hierarchy of the AS/NZS 3500 Suite

The standards are divided into several distinct parts, each addressing a specific subset of hydraulic

services. Understanding the interaction between these parts is crucial for integrated building

design:

- AS/NZS 3500.0: Glossary of terms. This section provides the definitions used throughout the

entire suite, ensuring consistent terminology across different disciplines.

- AS/NZS 3500.1: Water services. Focuses on cold water supply, from the point of connection to

the points of discharge.

- AS/NZS 3500.2: Sanitary plumbing and drainage. Governs the removal of wastewater and the

design of discharge pipework and underground sewers.

- AS/NZS 3500.3: Stormwater drainage. Covers the collection and disposal of roof and surface

water.
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- AS/NZS 3500.4: Heated water services. Specifies requirements for the design and installation

of hot water systems, focusing on safety and efficiency.

- AS/NZS 3500.5: Housing installations (Note: This part was largely superseded or integrated

into other parts and the NCC in recent years).

Technical Deep Dive: AS/NZS 3500.1 - Water Services

The AS/NZS 3500.1:2021 edition brought significant updates to the design of cold water services.

The core requirement of this standard is to ensure that the water delivery system provides

sufficient flow and pressure at all outlets while preventing backflow and contamination.

1. Hydraulic Design and Pipe Sizing

Designers must calculate the Probable Simultaneous Demand (PSD) to ensure that the system

can handle peak loads without excessive pressure drops. The standard utilizes a "Fixture Unit"

method or a mathematical calculation based on the Bernoulli principle. The allowable flow velocity

in pipes is generally capped at 3.0 m/s for metal pipes and 2.0 m/s for plastic pipes to prevent

erosion and water hammer.

2. Backflow Prevention

Backflow prevention is a critical safety component of AS/NZS 3500.1. The standard categorizes

hazards into three levels: Low, Medium, and High. Depending on the hazard level, specific

devices must be installed:

- High Hazard: Reduced Pressure Zone Device (RPZD) or air gap.

- Medium Hazard: Double Check Valve (DCV).

- Low Hazard: Dual Check Valve (DuC).

3. Materials in Contact with Drinking Water

Under AS/NZS 4020, all products used in the delivery of drinking water must be tested to ensure

they do not leach harmful chemicals or support microbial growth. This includes pipes, fittings,

valves, and sealants. Leading manufacturers like Vinidex provide certified PVC, PE, and PP-R

systems that strictly adhere to these toxicity and taste thresholds.

Detailed Analysis: AS/NZS 3500.2 - Sanitary Plumbing and
Drainage

The AS/NZS 3500.2:2021 standard is perhaps the most technically complex part of the series,

focusing on the physics of air-to-water ratios within drainage stacks and the maintenance of trap
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seals.

Core Principles of Sanitary Drainage

The system relies on gravity and pneumatic balance. When wastewater travels down a stack, it

creates air pressure fluctuations. If these fluctuations are not controlled through proper venting,

the water seals in traps (the S-bends or P-traps) will be sucked out or blown out, allowing sewer

gases to enter the building.

Comparison of Venting Systems
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System Type Application Core Mechanic Complexity

Fully Vented System High-rise commercial Each fixture trap is

individually vented to the

atmosphere.

High - Requires significant

pipework.

Single Stack System Multi-residential Relies on a large diameter

stack to maintain air

balance without separate

vents.

Medium - Highly

dependent on precise pipe

sizing.

Reduced Velocity Aerator

(Sovent)

Complex high-rise Uses specialized fittings to

mix air and water, reducing

the need for vents.

Very High - Specialized

engineering.
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Gradient and Flow Calculations

For horizontal drainage, the gradient (slope) is non-negotiable. If the slope is too flat, solids will

settle (stranding). If the slope is too steep, the water flows faster than the solids, also leading to

blockages. The standard specifies minimum gradients based on the pipe diameter:

- DN 100: Minimum gradient 1.65% (1 in 60).

- DN 65: Minimum gradient 2.50% (1 in 40).

- DN 150: Minimum gradient 1.00% (1 in 100).

Technical Requirements for AS/NZS 3500.4 - Heated Water
Services

Heated water services involve additional risks related to thermal expansion, scalding, and Legione

lla control. The AS/NZS 3500.4:2021 standard outlines strict requirements for temperature control

and pressure management.

1. Temperature Control and Safety

To prevent the growth of Legionella bacteria, water must be stored at a minimum of 60°C.

However, to prevent scalding, the delivery temperature at outlets used primarily for personal

hygiene must be tempered to a maximum of 45°C (for aged care, childcare, and hospitals) or 50°C

(for residential and commercial buildings). This is achieved using Thermostatic Mixing Valves

(TMV) or Tempering Valves.

2. Thermal Expansion and Pressure Relief

As water is heated, it expands. Every heated water system must include a Pressure &

Temperature Relief (PTR) valve and an expansion control valve (where required by local water

authorities). The standard defines the exact discharge pipe sizing and termination points for these

valves to ensure they do not cause property damage during a relief event.

3. Circulation Systems

In large-scale buildings, pumped circulation loops are required to ensure hot water is available at

outlets within seconds. The design must account for heat loss through insulation (R-values) and

the use of circulation pumps that must be rated for continuous duty in high-temperature

environments.

Major Changes in the 2021 Editions

The 2021 update was one of the most significant in the last decade. Key changes included:
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- Consolidation of Definitions: Technical definitions were moved from individual parts to AS/NZS

3500.0 to prevent contradictions.

- Net Zero and Sustainability: New provisions for the use of non-drinking water (recycled water)

systems.

- Expansion of Pipe Materials: Increased guidance on the installation of multi-layer pipes (e.g.,

PEX-AL-PEX).

- Revised Venting Rules: Introduction of more flexible venting options for multi-story buildings to

reduce material costs without compromising safety.

Practical Implementation: A Field Guide for Compliance

Successful compliance with the AS/NZS 3500 suite requires a disciplined approach to the project

lifecycle, from design to final commissioning.

Phase 1: Design and Approval

Designers must ensure that hydraulic plans are certified. This involves checking the Available

Static Pressure at the water main and calculating the Residual Pressure at the highest and

furthest outlet. If the residual pressure is below 150 kPa, booster pumps must be integrated.

Phase 2: Installation and Material Handling

During installation, the Jointing Methods are critical. For solvent-cemented PVC joints, the

standard specifies the cleaning and priming process. For mechanical joints in copper or plastic, the

correct crimping tools must be used. Failure to use the manufacturer-specified tool can void the

product warranty and lead to system failure.

Phase 3: Testing and Commissioning

No system is compliant until it passes the mandatory tests specified in the standards:

1. Hydrostatic Testing: Water services must be tested to a pressure of 1.5 times the working

pressure or 1500 kPa (whichever is greater) for at least 30 minutes.

2. Sanitary Drainage Testing: Underground drains must be air-tested or water-tested to ensure

there are no leaks before backfilling.

3. Commissioning Reports: Documentation must be provided for backflow devices and

thermostatic mixing valves, indicating their serial numbers and test results.

Case Study: Addressing Common Failure Modes in
Multi-Residential Developments
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Analysis of plumbing failures in high-density developments often points to a lack of adherence to A

S/NZS 3500.2 regarding stack venting. In one notable case, residents of a 20-story building

reported recurring sewer odors. Investigation revealed that the relief vents on the lower levels

were undersized, leading to positive pressure (back-pressure) that forced sewer gases through the

floor waste gullies.

The Solution:

The system was retrofitted with Air Admittance Valves (AAVs) where traditional venting was

impossible, and the relief vent sizes were increased in accordance with the 2021 amendments.

This balanced the pneumatic pressure and restored the integrity of the trap seals.

Mathematical Model: Calculating Water Demand

In large commercial projects, calculating the pipe size for cold water (Part 1) often uses the

following formula to determine the head loss:

h_f = (f * L * v²) / (D * 2g)

Where:h_f = head loss due to friction (m)f = friction factor (dimensionless)L = length of pipe (m)v =

velocity of flow (m/s)D = internal diameter of pipe (m)g = acceleration due to gravity (9.81 m/s²)

By applying this formula alongside the PSD tables in AS/NZS 3500.1, engineers ensure that the

pump systems are neither undersized (leading to poor performance) nor oversized (leading to

wasted energy and excessive wear on valves).

Summary and Strategic Implications

The AS/NZS 3500 series is a living document that reflects the ongoing dialogue between

engineering science and public health requirements. For the modern professional, staying current

with the 2021 updates is essential for maintaining a competitive edge and ensuring legal

protection. The shift towards consolidated definitions and the integration of new materials reflects a

broader trend toward streamlined, sustainable, and highly efficient hydraulic design.

By prioritizing the principles of backflow prevention, correct gradient management, and precise

temperature control, practitioners contribute to the resilience of the built environment. As the

industry moves toward more complex architectural forms and higher density living, the rigorous

application of these standards remains the primary defense against the risks inherent in modern

plumbing and drainage systems. Continuous education and rigorous on-site testing protocols are

the hallmarks of excellence in this essential technical field.
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