
Seismic Restraint of
Non –Structural Elements

Based on AS1170.4:2007



Railway line deformed by magnitude 6.8 – Meckering WA - 1968
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What is an Earthquake?
Vibration caused by rocks 
breaking under stress
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Australian Earthquakes
All earthquakes that do not occur on plate margins 
are called intraplate earthquakes.
Given our location, all earthquakes on mainland 
Australia are intraplate.
Intraplate earthquakes are not as common as those 
on plate margins, however major earthquakes with 
magnitudes of 7.0 or more do happen.



Potential effects of Earthquakes 
on Mechanical Plant

What is the difference between 
survival and destruction?
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Effects of Earthquakes on 
Mechanical Plant
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Potential modes of failure 
that are overlooked



Effects of Earthquakes on 
Mechanical Plant
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Strong mounts require 
strong anchor points



This all raises questions such as:
Why did the systems in the previous pictures fail?
When is Seismic Restraint Required?
Where do we start?
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This all raises questions such as:
Why did the systems in the previous pictures fail?

Fortunately, people were asking the same questions 
many years ago.

When is Seismic Restraint Required?
After many years of failure mode analysis, guidelines 
were developed.
Now dependent on the Earthquake Design Category (EDC) 
according to AS1170.4 (Earthquake actions in Australia)

Where do we start?
By determining what is required on a job-by-job basis.
How is this determined?
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Where do we start?
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We can see that there is potential for damage.
How do we assess what measures need to be 
put in place to avoid damage?
The ultimate goal is to ensure that all 
components remain anchored and plant 
remains operational after an event
The next question is: how do we ensure that 
they won’t move?
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Earthquake Design Categories 
& Design Accelerations

The Australian Standard for Earthquake actions 
provides equations that take many factors 
regarding the component location into account.
The result of working through the tables is a 
designated earthquake design category (EDC) 
for the job and ultimately a design acceleration 
to work with.
Step 1 is to determine the EDC for the job
(this should be pre-defined for each job)



Earthquake Design 
Categories (EDC)
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Dependant on:
Design working life of the structure
Importance level of the structure
Annual probability of exceedance 
(design working life & importance)
Hazard factor for the specific 
geographic location
Site sub-soil class
Structure height

“No requirement”, EDC I, EDC II or EDC III



This is what we 
want to know

How is the EDC 
determined?
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AS/NZS 1170.0-2002 pg.31
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AS/NZS 1170.0-2002 pg.32
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AS/NZS 1170.0-2002 pg.18
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This is what we want to know

Earthquake design category
consistent throughout
a given project.
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We know the EDC for the job… Now what?
What forces do we need to account for to conform?
In other words, how strong do the restraints need to be?

18

EDC I - Clause 5.3
EDC II - Clause 5.4 or Section 8 (depending on situation)
EDC III - Section 8



0.1GEDC I – Clause 5.3
Cannot be applied to structures with height over 12m.
Fi=0.1Wi hence horizontal force = 10% of component mass
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EDC II – Clause 5.4
Structures not exceeding 15m with importance level 2 or 3:
“parts and components of non-brittle construction may be 
attached using connectors designed for horizontal capacity of 
10% of the seismic weight of the part”

All others are designed to Section 8 … Same as EDC III

0.1G
or more
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EDC III – Section 8
Earthquake forces…
Fc = Horizontal force applied to the component at its 
centre of mass.
Fcv = Vertical force (50% of Fc)
Fc is calculated from the probability factor, hazard factor, spectral 
shape factor, height amplification factor, component importance 
factor, component amplification factor and the component
ductility factor.
Up to a maximum of Fc = 0.5Wc… ie. max design acceleration 0.5G 0.5G

up to

Fc

Fcv

m.g
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Fc

Fcv

m.g

SUPPORT STRUCTURE SUPPORT STRUCTURE

The same forces are imposed on hanging equipment, piping and ducts.
Sway bracing is used to limit motion.

Below is an example of solid strut bracing.
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Solid struts must not be used with 
isolated pipe work (vibration path)

Cable restraints solve the problem
Only work in tension
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There are exceptions from 
these design values in 
certain situations

Only applies to “supports 
for ducts and piping 

distribution systems”
As per AS1170.4-2007, Section 8.1.4
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Exceptions - supports for ducts & 
piping distribution systems

(A) In structures classified as being in EDC I.
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Exceptions - supports for ducts & 
piping distribution systems

(A) In structures classified as being in EDC I.
(B) For gas piping less than 25mm inside diameter.
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Exceptions - supports for ducts & 
piping distribution systems

(A) In structures classified as being in EDC I.
(B) For gas piping less than 25mm inside diameter.
(C) For piping in boiler and mechanical rooms 

less than 32mm inside diameter.
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Exceptions - supports for ducts & 
piping distribution systems

(A) In structures classified as being in EDC I.
(B) For gas piping less than 25mm inside diameter.
(C) For piping in boiler and mechanical rooms less than 32mm 

inside diameter.
(D) For all other piping less than 64mm inside 

diameter.
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Exceptions - supports for ducts & 
piping distribution systems

(A) In structures classified as being in EDC I.
(B) For gas piping less than 25mm inside diameter.
(C) For piping in boiler and mechanical rooms less than 32mm 

inside diameter.
(D) For all other piping less than 64mm inside diameter.
(E) For all electrical conduit less than 64mm 

inside diameter.



30

Exceptions - supports for ducts & 
piping distribution systems

(A) In structures classified as being in EDC I.
(B) For gas piping less than 25mm inside diameter.
(C) For piping in boiler and mechanical rooms less than 32mm 

inside diameter.
(D) For all other piping less than 64mm inside diameter.
(E) For all electrical conduit less than 64mm inside diameter.
(F) For all rectangular air-handling ducts less 

than 0.4m2 in cross sectional area.
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Exceptions - supports for ducts & 
piping distribution systems

(A) In structures classified as being in EDC I.
(B) For gas piping less than 25mm inside diameter.
(C) For piping in boiler and mechanical rooms less than 32mm 

inside diameter.
(D) For all other piping less than 64mm inside diameter.
(E) For all electrical conduit less than 64mm inside diameter.
(F) For all rectangular air-handling ducts less than 0.4m2 in cross 

sectional area.
(G) For all round air-handling ducts less than 

700mm in diameter.
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Exceptions - supports for ducts & 
piping distribution systems
(A) In structures classified as being in EDC I.
(B) For gas piping less than 25mm inside diameter.
(C) For piping in boiler and mechanical rooms less than 32mm inside diameter.
(D) For all other piping less than 64mm inside diameter.
(E) For all electrical conduit less than 64mm inside diameter.
(F) For all rectangular air-handling ducts less than 0.4m2 in cross sectional area.
(G) For all round air-handling ducts less than 700mm in diameter. 

(H) For all ducts and piping suspended by individual hangers 
300mm or less in length from the top of the pipe to the 
bottom of the support for the hanger.

300mm or less300mm or less

300mm or less

These conditions must be met 
alone the entire pipe run



In the event that 
sway bracing is required

Restraint system must resist horizontal and vertical 
design accelerations (Fc & Fcv that we looked at earlier)
Simplified rules of thumb and tables available in 
“Seismic Restraint Guidelines” – Mason Industries 
(Available in either soft or hard copy)
Although based on the IBC, tables and sway bracing 
techniques are still relevant.
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We are here to help.
Contact us to arrange a meeting to discuss 
individual projects.
Submittal packages available on request.
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Restraint of Equipment
If machinery is solid mounted (no isolation), 
anchor methods must be sufficient to resist 
the horizontal and vertical forces discussed 
earlier.
If machinery is isolated (neoprene, springs, air 
springs), a direct connection to structure 
would create a path for vibration.
Seismic snubbers are the answer. They can 
be either stand alone or built into the isolation 
mounts.
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Restraint of Equipment
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What is a seismic snubber?
Seismic snubbers provide physical restraint of machinery.
During normal operation, there is no direct contact between the isolated 
machine and the structure. (no path for vibration)
Seismic activity can produce a wide range of frequencies, if aligned with 
the natural frequency of an isolated system resonance occurs.
Resonance can amplify forces applied to anchors.
Neoprene pads and washers are integrated into Mason snubbers to reduce 
the forces that components are exposed to.
Anchors bolts are defined in submittal packages.
Extended base plates can be used to increase anchor strength.



Anchor bolts
A chain is only as strong as its weakest link.
Defined in submittal packages
Housekeeping pads (plinths) must also be 
anchored (tied to structure) – starter bars –
if overlooked, plinth anchors are an option.
This is why we offer submittal packages 
which define appropriate anchors for the 
application.
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Extracts from a Mason Submittal Package
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SeismicCertification
All Mason products certified for use in seismic 
applications have been tested both in-house 
during development as well as by a third party.
All published rated values are results from 
physical testing.
Conservative safety factors are built into all 
published ratings.
Latest certification methods in the US include 
shaker table testing.
OPA Numbers - OSPD
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Seismic Testing of Spring 
Mounts & Snubbers
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Seismic Testing of 
Cooling Tower
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Summary
What is an Earthquake
Potential Effects
What needs to be done
AS1170.4 (Earthquake actions in Australia)
EDC’s & Design Accelerations
Exceptions from these requirements
How we resist the imposed forces
Types of seismic restraint and anchors
How hardware is tested and certified
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You made it!



Contact
Jonathan Watson

jw@masonmercer.com.au
www.masonmercer.com.au

0450 336 245


