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Earthquake-resistant installation of machines and systems 

 

In many respects, humans depend on machines. The whole industrial economic cycle is based 
on producing and selling goods. Machines play a vital role here. There is almost nothing left 
that is not produced or, in one way or another, processed with machines. If machines fail sud-
denly and over a large area - during and after an earthquake, for example - there are severe 
restrictions in the industrial and economic network within a short time. 

 

The most recent events in Japan showed the vulnerability of the close-knit network of human infra-
structure. Many studies looked into the immediate consequences of a "simple" power blackout. The 
truth is, that only after one week without electric energy, urban and industrial centers would be in dire 
straits. 

Consequently, the primary systems - such as emergency power supply, water treatment, hospitals, 
and supply channels are safeguarded. Redundant systems and safeguarding are requested by law. 

However, industry branches that are not vitally necessary are largely left to their own devices. Obvi-
ously, there are legal requirements for the company who builds a new factory: The production sheds 
must be built such that the persons working in them are not injured in the event of an earthquake. The 
machines in the same sheds, however, are not affected by these requirements - as long as a dam-
aged machine does not represent a hazard. 

 
Figure 1: Average yearly earthquake frequency as a function of the magnitude, based on data from the United States Geo-
logical Survey (USGS). Source: BGR. 

The economic damage resulting from a machine failure increases with size, price, and productivity of 
the machine. Downstream branches are no longer supplied, delivered parts and raw material can no 
longer be processed. 

In the known seismic areas, earthquake protection is required by law. However, the fact that we usu-
ally understand "seismic area" as the circum-Pacific ring of fire around the Pacific Ocean is mislead-
ing. Although approximately 80% of the earthquakes worldwide happen here, there are other major 
seismic areas in Europe, most of them in the Mediterranean region. Chiefly the North African coastal 
area, the states of former Yugoslavia, Greece, Turkey, and the southern part of the Alps are to be 
mentioned here. The Alpine regions of Switzerland and Austria are a part of this zone. North of the 
Alps, too, we can frequently notice earthquakes that are related to the tectonic structure of the Rhine 
rift valley. 

Seismic hazard stands for the probability of reaching or exceeding a specific seismically induced soil 
acceleration value at a given location inside a defined time interval. In accordance with the European 
standard Eurocode 8 (ENV 1998-1-1), we use a "reference return period" of 475 years as the as-
sessment basis for this hazard. In other words, the probability of exceeding the maximum values 
specified in the map is 10% in 50 years. 
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Figure 2: Earthquake hazard map for Germany, Austria, and Switzerland. Source: G. Grünthal, D. Mayer-Rosa, 1998. 

Intensity classes: I  Not felt,  II  Scarcely felt,  III  Weak,  IV  Largely observed,  V  Strong,  VI Slightly damaging, VII Damag-
ing, VIII Heavily damaging, IX Destructive, X Very destructive, XI Devastating, XII Completely devastating 

Each company owner should therefore keep in mind that an earthquake is a risk that should not be 
underestimated. 

How can I protect my machines against an earthquake? 

This question is justified after the above expositions. Below, we want to present the four most effec-
tive measures to protect a machine against the impact of an earthquake: 
 

1. Foundation with elastic support = foundation isolation 

Installing machines that are very susceptible to external dynamic interference on a vibration isolation 
is generally recommended. With large and heavy machines, in particular, vibration isolation can only 
be achieved with a foundation isolation that is specifically adjusted to the individual boundary condi-
tions. 
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Figure 3: Structure of an AirLoc foundation isolation 

Which criteria leads to this conclusion? 

 The inherent stiffness of a machine is frequently insufficient. The foundation block compensates 
for this inadequacy.  

 The increased contact surface underneath the foundation block increases the tilt stability against 
externally applied acceleration forces from earthquakes. 

 The additional mass of the foundation block has an inertia that acts against the excitation forces 
that originate either from the machine itself or from a seismic shock. Consequently, this inertia 
makes it more difficult to move the system out of a previously assumed position. 

 The gap between the foundation block and the environment provides for a horizontal and a verti-
cal freedom of movement. This is used by the elastic support underneath the block. It permits 
transient shocks or thrusts to be "expanded" to a prolonged vibration. Consequently, the force 
component of the impulse is distributed over a longer time, and high dangerous power peaks can 
thus not develop. 

 The protection against vibrations that are caused by not completely devastating earthquakes, 
prevents machine damage and production downtime. 

 

Apart from that, this measure brings about further benefits: 

 The dynamic forces from the machine itself are decoupled from the subsoil. Structure-borne 
sound is thus not transmitted to the environment. 

 The isolation of structure-borne sound can increase the service life of buildings and machines. 

 The operators are not exposed to excessive noise and vibrations at their workplaces. (The limits 
are defined in the applicable standards). 
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2. Adjustable legs with elastic facing 

With small and medium-sized machines, an elastic support at the machine feet can effectively damp-
en externally applied sudden impacts. In addition, using elastomeric isolation plates significantly in-
creases the friction coefficient between machine and floor. This effectively counteracts a slippage of 
the machine in the event of horizontal vibrations. Using wedge mounts provides an additional option 
of levelling the machine precisely, since manufacturing tolerance and compression values of the rub-
ber-elastic material can vary. 

 

 

Figure 4: Wedge mounts for freestanding installation (without anchoring) of machines, fitted with isolation plates 

The use of these isolated machine mounts in conjunction with a foundation isolation is generally spec-
ified as "double isolation". Double isolation combines a relatively hard direct isolation, which still 
dampens the structure-borne sound, of the machine on a foundation that isolates against deeper fre-
quencies. With optimised tuning, this structure permits an excellent efficiency to be obtained while the 
machine installation is still extremely stable. 

 

 

Figure 5: Overview of machine isolations 

3. Horizontal supports 

Despite the above-mentioned high friction coefficient of an elastic isolation plate, withstanding hori-
zontal forces is only possible up to a certain limit. Depending on machine characteristics and earth-
quake protection requirements, horizontal support can be necessary. Here, too, isolation material is 
arranged between support and machine. The supports are dimensioned as required by the expected 
horizontal acceleration forces (estimated from past earthquakes at the place of installation) from the 
earthquakes, and appropriately anchored in the foundation. 
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Figure 6: Common solutions to the horizontal support of machines . Left: Cast-in version. Right: Screw-on version 

4. Anchoring 

The machine feet and their wedge mounts must be secured in the foundation with anchor bolts if such 
horizontal earthquake acceleration forces bring about a risk of overturning for the machine. This dan-
ger always exists if the installation base of the machine is small while the machine is relatively high. 
Examples are large web presses or presses with a flywheel at a higher level. 

 

 

Figure 7: Wedge mount with through hole and isolation 

 

 

Figure 8: Schematic example of an earthquake-resistant double-isolated machine installation 

It must be mentioned here that a close co-operation is necessary between the future machine opera-
tor (the end customer), the architects and civil engineers who are responsible for the implementation 
of all structural measures on foundation and building, and the vibration experts. This is the only way of 
providing the end customer with the required solution that permits optimum production of high-quality 
products for many years. 
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The earthquake-resistant installation of machines is a speciality of AirLoc Schrepfer AG, whose 
manufacturing and delivery programme includes the complete range of adjustable machine feet, isola-
tion pads of different natural frequency and hardness ranges, and horizontal supports up to a wide 
range of compatible accessories for each variant. 

Experience and know-how from almost 40 years of earthquake protection 

In 1977, the first double isolation against disturbing vibrations and a protection against earthquakes 
for a web press was built in the seismic region of Los Angeles, California, USA. Seven more installa-
tions in the same seismic region (San Andreas Fault) followed at short intervals. 
The official requirements for earthquake protection were very high. Safe absorption of 30% of the ma-
chine weight by horizontal supporting systems was requested. Contact to the machine was estab-
lished using adjustable levelers that could be adjusted in their distance. 
All these machines have survived quite a few earthquakes. The strongest earthquake measured 7.2 
on the Richter scale. Many others measured between 4 and 7. None of the machines suffered any 
damage. They could all be operated without any interruption. 
In Japan more than 20 web presses have also been installed with vibration isolation and earthquake 
protection. Up to now, frequent earthquakes - a large number of them measuring between 4.5 and 6.7 
on the Richter scale - have not caused any damage to these machines. 
Feedback from other installations of such machines with adequate vibration isolation and earthquake 
protection in seismic regions at Athens, Rome, Sicily, Teheran, Nairobi with a maximum magnitude of 
5.6 on the Richter scale did not report any damage. 

The same applies for a larger number of emergency power generator units in Japan that were in-
stalled on foundations with earthquake-resistant isolation. Uninterrupted functioning of these ma-
chines is a vital safety aspect in hospitals and hotels. The first installation was in 1992. Hundreds of 
earthquakes have occurred since, with a large number of them measuring values up to 5.0 on the 
Richter scale. Until today, the emergency power generator units have worked without any problems. 

It turned out that a thorough consideration of the earthquake-resulting acceleration values permitted 
the machines to be protected here as well. Particular attention must be paid to the horizontal seismic 
acceleration values. 

Experience and practical knowledge from almost 4 decades enable us to state that the specified 
measures permit the machines to be protected up to a magnitude of 6.0. As mentioned at the begin-
ning, a machine would statistically survive 99% of the occurring earthquakes without any damage. 

 

Our experienced team of engineers are available for all your questions on earthquake protection, 
without any obligation. Our worldwide sales network makes our products available wherever you plan 
your system or machine to be. Protecting your investment is our goal. 
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