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Summary 
 
After a description of the physical properties of earthquakes and some definitions of 
seismology, different aspects of seismic engineering are presented such as the 
determination of the maximum seismicity to a site, the principles of the seismic design 
of structures, some related codes and regulations and the influence on lifelines and 
equipment. The most important factors which influence the seismic protection of 
structures are also outlined. 
 
Other consequences of earthquakes such as tsunamis, landslides or soil liquefaction are 
also described to emphasize their catastrophic consequences if they have not been 
considered in the design. 
 
1. Introduction 
 
Earthquakes can affect to some degree the human communities. Vital installations such 
as water and electricity supplies must remain unaffected or rapidly reparable after such 
events. It is thus necessary to design the structures, equipment and lifelines for the 
average earthquake which is likely to occur on the site of the facility. It is also important 
to evaluate the level of the most severe earthquake that can affect such facilities without 
reducing their serviceability. 
 
2. Earthquakes 
 
An earthquake is the vibration of the surface of the earth due to the sudden relative 
motion of two or more adjacent tectonic plates (Newmark 1971, AIEA 1991). When 
one plate is freed and begins to slide against another (Figure 1), all the energy 
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accumulated by contact is released. 
 

 
Figure 1. Mechanism of an earthquake at the epicenter. 

 
The larger the energy accumulated and then released, the bigger is the corresponding 
earthquake. The surface along which the sliding occurs is called a fault. The zone of the 
fault where the sliding starts is located at a certain depth and is called the hypocenter. 
The point at the surface of the earth, just on the vertical of the hypocenter is called the 
epicenter. Often, this point corresponds to the most damaged zone during an earthquake. 
 
The importance of an earthquake is categorized on two different types of scales: 
 
• The Intensity scale under the name Mercalli modified (MM scale) and later on 

defined by Mendvedev, Sponheur and Karnik (MSK scale). Those scales have 12 
levels: the highest level corresponds to the highest observable damage, a complete 
change of the landscape and the disappearance of all human works; the lowest level 
is only recorded by very sensitive devices. For the same earthquake, Intensities vary 
with the distance to the epicenter; the Intensity which characterizes an earthquake is 
the highest level reached during the earthquake in the most damaged area, near the 
epicenter. 

• The Magnitude scale, defined by Richter. The Magnitude is the logarithm of the 
ratio of the maximum displacement measured at a certain distance on a standardized 
device to a conventional displacement taken as reference. The Magnitude level is 
related to the energy released by the earthquake and is independent of the location of 
the measurement. 

 
To design or to check the resistance of structures against earthquakes, the maximum 
acceleration at the surface of the soil is the most suitable data. The values of the 
accelerations given for real earthquakes have been measured or have been deduced from 
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the observed damages. 
 
Time-histories of acceleration and displacement of most of the recent earthquakes have 
been recorded (Figure 2) and their response spectra have been calculated. 
 
The response spectrum of an earthquake gives the maximum answer of a single degree 
of freedom oscillator submitted to the recorded time-history of this earthquake (Figure 
3). 
 

 
 

Figure 2. ElCentro earthquake (1940) ground motion: acceleration, velocity and 
displacements recorded in a north-south direction. 

 

 
 

Figure 3. ElCentro earthquake (1940) ground motion: acceleration response spectra of 
the north-south component. 



UNESCO – 
EOLS

S

SAMPLE
 C

HAPTERS

THE DESALINATION  PROCESSES SITE  SELECTION, LAYOUT AND CIVIL WORKS - Seismic Design - J. D. Renard 
 

© Encyclopedia of Desalination and Water Resources (DESWARE) 

- 
- 
- 
 

 
TO ACCESS ALL THE 9 PAGES OF THIS CHAPTER,  

Visit: http://www.desware.net/DESWARE-SampleAllChapter.aspx 
 

 
Bibliography and Suggestions for further study 
 
A.F. Johnson (1986) Comparison of the mechanical properties of SMC with laminated GRP materials  
Composites, Volume 17, Issue 3, Pages 233-239 

Anees U Malik, P.C.Mayan Kutty, Ismail Andijani (1992), Reinforced Cement Concrete Pipelines For 
Desalinated Water Transmission - A Critical Review And Some Failure Analysis, First Gulf Water 
Conference, Dubai 

ANSI/ASCE (1994) Minimum Design Loads for Buildings and other Structures. ANSI/ASCE 7-93. 
American Society of Civil Engineers, New York. 

ASCE (1980) Structural Analysis and Design of Nuclear Power Plant Facilities. ASCE Manual and 
Reports on Engineering Practice no. 58. ASCE, New York. 

ASCE (1984) Guidelines for the Seismic Design of Oil and Gas Pipeline Systems. ASCE Technical 
Council on Lifeline Earthquake Engineering. ASCE , New York. 

Corrado Sommariva, Harry Hogg, Keith Callister (2003) Maximum economic design life for desalination 
plant: The role of auxiliary equipment materials selection and specification in plant reliability 
Desalination, Volume 153, Issues 1-3,  Pages 199-205 

Dowrick D J (1977) Earthquake Resistant Design. New York: John Wiley. 

Eurocode (1993) Eurocode nr 8 - Structures in Seismic Regions - Design - TC250/SC8/N57A. Draft. 

FEMA (1991) NEHRP Recommended Provisions for the Development of Seismic Regulations for New 
Buildings. FEMA - Buildings Seismic Safety Council, Washington DC. 

 Haipeng Han, Farid Taheri, Neil Pegg, You Lu (2007),A numerical study on the axial crushing response 
of hybrid pultruded and ±45° braided tubes  Composite Structures, Volume 80, Issue 2,  Pages 253-264 

Ha-Won Song, Velu Saraswathy (2007), Corrosion Monitoring of Reinforced Concrete Structures – A 
Review,Int. J. Electrochem. Sci.,  1- 28 

IAEA (1991) Earthquakes and Associated Topics in Relation to Nuclear Power Plants Siting. Safety 
series n50-SG-S1 (rev. 1). Vienna: International Atomic Energy Agency. 

Jean-François Caron, Saskia Julich, Olivier Baverel (2009),Selfstressed bowstring footbridge in 
FRP,Composite Structures, Volume 89, Issue 3, Pages 489-496 

John E. Slater (1983),Corrosion of Metals in Association with Concrete,  ASTM Special Technical 
Publication, 818, 

K-H. Geigl, R.P. Malhotra (1983) Glass fiber reinforced plastic applications for corrosive environments 
in desalination - and power plants, and for water treatment ,Desalination, Volume 44, Issues 1-3, Pages 
307-315 

Munn R, *Kao Gary and +Chang Zhen-Tian (2005) Durability performance of Australian Commercial 
concrete modified with permeability reducing admixture, 22nd Biennial Conference of Concrete Institute 
of Australia, Concrete Institute of Australia, Australia. Editors: Andrews-Phaedonos F,  Melbourne 
Australia. 

https://www.eolss.net/ebooklib/sc_cart.aspx?File=D05-011


UNESCO – 
EOLS

S

SAMPLE
 C

HAPTERS

THE DESALINATION  PROCESSES SITE  SELECTION, LAYOUT AND CIVIL WORKS - Seismic Design - J. D. Renard 
 

© Encyclopedia of Desalination and Water Resources (DESWARE) 

N. J. Paul, Hasan Ibrahim Al Hosani and A. El Masri (1980)Use of GRP material in power and 
desalination plants,Desalination,Volume 120, Issues 1-2,  

Newmark N M and Rosenblueth E (1971) Fundamentals of Earthquake Engineering. Prentice Hall, 
Englewood Cliffs, NJ. 

PS 92 (1995) Règles de Construction Parasismique: Règles PS Applicables aux Bâtiments. DTU Règles 
PS 92 NF P 06-013, AFNOR Paris. 

Rajan Sen, Gray Mullins (2007), Application of FRP composites for underwater piles repair  Composites 
Part B: Engineering, Volume 38, Issues 5-6,  Pages 751-758 

Song XJ, Marosszeky M, Brungs M and Munn R (2005) Durability of fly ash based Geopolymer concrete 
against sulphuric acid attack, 10 DBMC International Conference on  durability of building materials and 
components, Lyon France,  

Tohru Morii, Toshio Tanimoto, Hiroyuki Hamada, Zen-ichiro Maekawa, Takahiro Hirano, Kenji 
Kiyosumi (1993)Weight  changes of a randomly orientated GRP panel in hot water  ,Composites Science 
and Technology, Volume 49, Issue 3,  Pages 209-216 

UBC (1997) Uniform Building Code. International Building Code Officials, Whittier California. 

Wanghick Consulting (2008), Performance of Concrete Coatings under Varying Exposure Conditions, 
Materials and Structures, 35 (252): p. 487-494,  2002  2008 IDA Worldwide Desalting Plants Inventory,  

Wiegel L (1970) Earthquake Engineering. Prentice Hall, Englewood Cliffs, NJ. 
 


