
CEGCEG--5065C Soil Dynamics5065C Soil Dynamics

Lecture #01Lecture #01

Introduction 
to

Earthquake EngineeringEarthquake Engineering

Luis Prieto-Portar  2009



Ear thquake engineer ing studies the effects of ear thquakes upon people and their 
structures, and the methods that reduce these effects.

The Chinese and Japanese have wr itten records of ear thquakes for over 3,000 
years. However, it is only dur ing the past 40 years that engineers have developed the 
theor ies needed to mitigate some of their  damage.

The field of ear thquake engineer ing combines knowledge from:
- geotechnical engineering,
- geology,
- mathematics,
- geophysics/seismology,- geophysics/seismology,
- structural engineering and
- risk analysis.

Several billion humans live in seismic zones of considerable r isk. Every ten minutes, 
the Ear th exper iences an ear thquake, albeit usually of small magnitude. The cost of 
ear thquake damage is counted in the hundreds of billions of dollars per year. 
Ear thquakes have occurred on Ear th for billions of years, and will continue for 
several more. 

Our job as engineers, is to first identify the level of r isk, and then economically 
mitigate most of the hazards.



The purpose of this course is to identify the most common problems that engineers 
encounter in the field of soil dynamics or ear thquake engineer ing. These include,

1. Seismic induced ground movements and wave propagation;
2. Design of foundations for heavy or vibrating machinery;
3. Analyze the changes of the bear ing capacity of foundations under dynamic loads;
4. The change in load capacity of deep foundations under dynamic loads;
5. Analyze the changes of settlement behavior due to dynamic loads;
6. Increased lateral ear th pressures due to dynamic loads;
7. Determine the potential for a soil to “ liquefy”  when subjected to dynamic loads;
8. Determine the potential for collapse of ear th embankments under dynamic loads.

Also, let us study,

9. What is the new failure cr iter ia?
10. How should failure be defined?
11. What is an acceptable dynamic factor of safety?
12. How is it related to the static factor of safety?
13. How do soil parameters (� , c, � , etc) change under dynamic loads?



Natural Hazards.

Nature subject us to many “ natural”  hazards, such as,
- earthquakes,
- hurricanes,
- tornados,
- tsunamis,
- seiches,
- floods,
- landslides, lahars, etc.

The specific interest of this course is “ seismic hazards” . These seismic hazards are 
identified as,

1) ground shaking,
2) structural hazards, including the failure of retaining walls,
3) liquefaction,
4) lifeline hazards.



Very heavy wave forces upon mar ine structures are a common natural hazard due to 
hur r icanes or typhoons.



Seismic zones around the Wor ld.



Seismic Hazard Map of the U.S.

The U.S. Geological Survey provided this National Seismic Hazard Map in 1996 for the Continental 
United States. The map shows the level of ground shaking with a 10% probability of being exceeded in 

50 years (a 475-year return per iod). The colors show PGA (the measure of ear thquake shaking) as a 
percent of the forge of gravity (g). Frankel, et al, 1997, Geotechnical Fabr ics Repor t, May 2002.



Structural Hazards.

The most dramatic consequences of ear thquakes are structural damage. Yet, even 
today, most geotechnical and foundation design is based on the soil’s behavior under 
static loads. Impor tant structures however, require that highly competent engineers 
know how to analyze structures under complex dynamic loads.

Examples of these dynamic loads are earthquakes. However, there is an increasing 
interest on the effects from bomb blasts. Other common dynamic loads are the 
operation of very heavy or unbalanced machinery, mining, construction (such as pile 
dr iving, deep dynamic compaction, etc), heavy traffic, wind and wave actions.

Ground motions from ear thquakes result in increased settlements and tilting of 
foundations, over and above those calculated via the static consolidation theory. 

Since the 1960’s seismic research has also centered on the damage that ensues from the 
liquefaction of the soil dur ing an ear thquake. 

For example, the search for oil in deeper and deeper oceans has meant designing 
offshore platforms that are subject to extreme wave and wind loads, and ear thquake 
loads will add tsunami-generated very high wave loads.



An ongoing ear thquake has created this “ boil”  of water 
that has just burst the sur face of the ground dur ing its 
liquefaction. The entire site is momentar ily unstable to 
heavy structures.

The term liquefaction actually includes var ious 
phenomena:

(1) Soil deposits lose most of their  shear strength 
dur ing an ear thquake due to the r ise of the porewater 
pressure. The soil appears to flow like a fluid. These 
are called flow failures, and have caused the collapse of 
ear th dams, slopes of mountains, retaining walls and 
foundations. 

(2) Lateral displacements collapse br idge abutments.

(3) Groundwater rushing to the sur face produce boils 
such as the one at the left. These boils indicate high 
groundwater pressures, which can lead to subsidence 
and differential settlement.



Photo of sand boils in a r ice field close to the Kawagishi-cho apar tment buildings dur ing the 1964 
Niigata ear thquake. 



Photo of the failure of the Kawagishi-cho apar tment buildings dur ing the 1964 Niigata ear thquake. 
This was the first time that the problem of liquefaction was clear ly established.



The Izmit, Kocaeli, Turkey ear thquake of 17 August, 1999, liquefied the soil beneath this 
apar tment building’s shallow mat foundation by reducing the bear ing capacity to zero.



The Nishinomiya br idge failure was due to very large hor izontal displacement of the 
soil sub-grade. Notice the 2 meter displacement of the pier head.



The Hanshin Expressway collapse was due to the very large hor izontal components of 
the HyogoHyogo--Ken Nambu ear thquake, of magnitude 6.9, January 17, 1995Ken Nambu ear thquake, of magnitude 6.9, January 17, 1995 in Kobe, Japan.



This Hanshin Expressway pier collapsed due to the very large ver tical component of 
the HyogoHyogo--Ken Nambu ear thquake, of January 17, 1995Ken Nambu ear thquake, of January 17, 1995 in Kobe, Japan.



Largest Earthquakes in the World 1950-2004.

1. Chile, largest magnitude in history M = 9.5, 1960;
2. Pr ince William Sound, Alaska, 1964;
3. West Coast of Nor thern Sumatra, 2004;
4. Kamchatka, 1952;
5. Rat Islands, Alaska, 1965;
6. Nor thern Sumatra, Indonesia, 2005; 
7. Assam – Tibet, 1950;
8. Kur il Islands, 1963;
9. City of Tangshan, China, 1976 (over 700,000 died);

Research the Village of Yungay, Peru which was destroyed in 1970 and 25,000 
people died. Photos show the same trees before and after the total destruction, 
except for the trees.



Date UTC Location Deaths Magnitude Comments 

1556 01 23 China, Shansi 830000 ~8  

2004 12 26 Sumatra 283106 9.1 Deaths from earthquake 
and tsunami. 

1976 07 27 China, Tangshan 255000 
(official) 

7.5 Estimated death toll as 
high as 655,000. 

1138 08 09 Syria, Aleppo 230000   

856 12 22 Iran, Damghan 200000   

1927 05 22 China, Tsinghai 200000 7.9 Large fractures. 

1920 12 16 China, Gansu 200000 7.8 Major fractures, landslides. 

893 03 23 Iran, Ardabil 150000   

1923 09 01 Japan, Kanto  
(Kwanto) 

143000 7.9 Great Tokyo fire. 

1948 10 05 USSR  
(Turkmenistan, 
Ashgabat) 

110000 7.3  

1908 12 28 Italy, Messina 70000 to 
100000 

(estimated) 

7.2 Deaths from earthquake 
and tsunami. 

(estimated) 

1290 09  China, Chihli 100000   

2005 10 08 Pakistan 80361 7.6  

1667 11  Caucasia, 
Shemakha 

80000   

1727 11 18 Iran, Tabriz 77000   

1932 12 25 China, Gansu 70000 7.6  

1755 11 01 Portugal, Lisbon 70000 8.7 Great tsunami. 

1970 05 31 Peru 66000 7.9 $530,000,000 damage, 
great rock slide, floods. 

1935 05 30 Pakistan, Quetta 30000 to 
60000 

7.5 Quetta almost completely 
destroyed. 

1693 01 11 Italy, Sicily 60000   

1268   Asia Minor, Silicia 60000   

1990 06 20 Western Iran 40000 to 
50000 

7.7 Landslides. 

1783 02 04 Italy, Calabria 50000   
 


