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Water Hammer and Transients in Pipelines

1. What is a Water Hammer?
A water hammer (also called hydraulic shock) is a pressure surge or wave
caused when a fluid in motion is forced to stop or change direction
suddenly. This typically happens when:

A valve is closed suddenly in a pipeline.
A pump starts or stops abruptly. (Power Failure)
There is a sudden change in flow rate due to operational
adjustments.
Column Separation: When water flow stops, air pockets form,
leading to pressure surges.
Pipe Bursts/Leaks: Rapid flow changes due to system failures.
Check Valve Slam: Backflow causes check valves to close suddenly,
generating shock 

2. Effects of Water Hammer:
High-pressure spikes that exceed the pipe’s rated pressure.
Damage to infrastructure like, fittings, valves, pumps, concrete
blocks, water logging, road cave-ins, damage to property etc.
Pipe bursts or joint failures due to extreme pressure changes.
Noisy banging or thumping sounds in the system.

3. What are Transients in Pipelines?
Transients are temporary pressure fluctuations in a fluid system caused
by sudden changes in flow. Water hammer is a type of transient, but
transients can also include:

Surge waves from pump start/stops (Power Failure)
Negative pressure transients that create vacuum conditions.
Oscillations of pressure and flow rate due to system inertia.



Secondary Transients in Pipeline Systems

1. What are Secondary Transients?
Secondary transients are additional or follow-up pressure surges that occur after the initial
water hammer event. They are caused by the interaction of the primary pressure wave with
system components like pumps, valves, air pockets, and pipe walls.
2. How Do Secondary Transients Form?
When the first pressure surge (primary transient) reflects off system boundaries (e.g., closed
valves, pump stations, bends, or dead ends), it can create multiple pressure oscillations. These
pressure waves can interact, amplifying or reducing the initial surge.

Key Triggers for Secondary Transients:
Rapid Air Release or Air Pocket Collapse – When trapped air suddenly escapes, it can
create a follow-up pressure wave.
Check Valve Slam – If a check valve closes suddenly, a second wave of pressure fluctuation
occurs.
Pipe Elasticity & Fluid Compressibility – Pipes expand and contract under pressure
changes, influencing wave reflections.
Column Rejoining – When separated water columns reconnect, they generate a high-pressure
surge.
Uncontrolled Pump Start/Stop – A sudden stop followed by a restart can trigger multiple
pressure waves.
3. Effects of Secondary Transients
Extended Oscillations: Multiple waves can stress the pipeline over time.
Increased Surge Pressures: The second wave may be stronger than the first, causing greater
damage.
Cavitation and Pipe Collapse: If negative pressures persist, vapor pockets form and collapse
violently.
Component Fatigue: Repeated transient waves can lead to fatigue failure in valves, joints, and
fittings.
4. How to Control and Mitigate Secondary Transients

Surge Anticipator Valves – Open momentarily before a pressure wave arrives, preventing
secondary shocks.
Anti-Shock Air Valves – Release air at a controlled rate to avoid sudden vacuum or
rejoining surges.
Check Valve with Dashpot Mechanism – Slows down valve closure to prevent valve slam.
Soft-Start/Soft-Stop Pumps – Gradually adjust pump speed to avoid abrupt changes.
Surge Tanks & Accumulators – Absorb pressure fluctuations and prevent wave reflection.
Proper Pipeline Design – Ensure correct pipe sizing, slope, and material selection to
minimize wave propagation.





The installation and maintenance guidelines provided are for general informational purposes only. Specifications are
as per the manufacturer’s practice, and this brochure serves only as a general reference for the product. Always refer
to the manufacturer’s instructions and relevant industry standards  for specific requirements. Proper installation should
be performed by qualified personnel to ensure safety and compliance with local regulations. The manufacturer or
supplier is not responsible for damages or failures resulting from improper installation, misuse, or lack of maintenance.
Regular inspection and servicing are recommended to maintain optimal valve performance.
The user must conduct a comprehensive transient and water hammer analysis from a reputed institute before
proposing or implementing any water hammer mitigation products in their projects. This ensures accurate assessment,
proper selection of mitigation measures, and the long-term reliability of the pipeline system.

Disclaimer

ASME (American Society of Mechanical Engineers) codes and standards emphasize
that the design of pressure vessels, piping systems, and other mechanical components
must consider ultimate conditions to ensure safety and reliability. The key ASME codes
that address these considerations include ASME B31.1, B31.3, and ASME BPVC (Boiler and
Pressure Vessel Code).
Key ASME Guidelines on Ultimate Conditions

Design must consider maximum allowable working pressure (MAWP), temperature
limits, and transient conditions (e.g., surge, water hammer, pressure spikes). 
Safety factors are applied to account for uncertainties in material properties,
operating conditions, and potential failures.
Pressure relief devices and other mitigation measures must be incorporated to handle
extreme conditions.

Water Hammer & Transient Analysis:
ASME requires transient analysis to account for dynamic loads caused by sudden valve
closures, pump starts/stops, or rapid flow changes.
Piping flexibility and support design must account for potential forces induced by transient
pressure waves.

Conclusion
ASME mandates that ultimate conditions (such as surge, water hammer, overpressure, and
extreme thermal stresses) be analyzed, justified, and mitigated through proper design
considerations. A transient analysis is often essential to ensure compliance with ASME
codes and to prevent catastrophic failures.

ASME B31.1 (Power Piping) & ASME B31.3 (Process Piping):




