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CAPACITY, GW 
Gross theoretical:  608 
Technically exploitable: 542 
Economically exploitable: 402 

 The most abundant hydropower resource in 
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 Many high dams  have been built in Southwest China in seismic 
active region. 

China Earthquake Records （ 1900-， M≥6.0）  

Dadu River, 22 Dams

Jinsha River, 20 Dams
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One-Year Overseas Research 

Project 



Professor Chopra suggested to work on “Correlation 
of analytical results with motions of dams recorded 
during earthquakes” 

  Dam-water interaction 

  Reservoir boundary absorption 

  Water compressibility 

  Dam-foundation rock interaction 

  Spatial variations in ground motions 

Computer Program: 

EACD-3D-96 
software 

(Tan & Chopra, 1996)  



 Structural response split in two parts 

 Quasi-static component due to static application 

of interface displacements at each time instant 

 Dynamic component 
 

Dam-foundation rock interaction forces Rb 

Total displacement 
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(a) Dam Substructure: 
Finite element model 



ECAD-3D-2008 Computer Program 

 Dam-water interaction 
 Reservoir boundary 

absorption 
 Water compressibility 
 Dam-foundation rock 

interaction 
 Spatial variations in ground 

motion 



113 meters high 
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Finite element model of dam 

Finite element model of reservoir 

Boundary element mesh of interface 



 

744

 

 

1317

 

 

518

 

 

0 1 2 3 4 5 6 7 8 9 10 11
-1000

-500

0

500

1000

Time, sec

Ac
ce

ler
ati

on
, c

m/
s2

11 

14 17 

Accelerations in cross-stream direction (Missing segments estimated by 
Alves & Hall, 2004) 

Spatial variations of ground motions along the dam-
foundation interface is evident. 

Right 
abutment 

Left 
abutment 



Stream component of ground acceleration at all nodes 
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(a) Spatially-Uniform: Base 

Arch stresses on downstream face in MPa 

The spatial variations in ground motion had profound 
influence on dam stresses 

(b) Spatially-Varying Excitation 
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Joint opening 

Cracking  Some of the joints opened during the earthquake and the 
thrust block joint remained open after earthquake 

 A diagonal crack on the downstream face 
 A permanent horizontal offset along the horizontal joint 

Thrust 
Block 

Response  of the Pacoima dam in 1994 Northridge Earthquake 



 3-D semi-unbounded geometry 

 Dam-foundation interaction 

 Dam-water interaction 

 Compressible water 

 Opening of contraction joints 

 Damage cracking of concrete 

 Comprehensive analysis model of dam-water-foundation system 
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 most of the joints are open during the earthquake, and the thrust block 
joint remains open about 15 mm at the crest level 

 The damage extends from the bottom of the thrust block joint in three 
directions, which agree with the actual cracks observed after the 1994 
Northridge earthquake 

spatially-varying 
ground motions 
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 Effects of source, path, local site have not been well addressed yet 

Spatially-varying ground motions are ignored  in dam engineering practice 



 Physics-based numerical simulation: Site-specific 

• Faulting mechanism, propagation path, site effects 

• Arbitrary conditions and model parameters 
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 Source: Kinematic model 

 Topography:  Digital Elevation Model (DEM) 

 Propagation media: Wave velocity model  

 Solution scheme: Spectral Element Method 
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Northridge Earthquake 
Date： Jan. 17, 1994 
Magnitude： Mw=6.7 
Scale：  56 ×  49 ×  25km 
Frequency： 0.1~8Hz 
DOFs： 6.62 billion 

Cluster： Cluster  System of  Tsinghua  University 
Computation time:  54h (168 processors) 

Finite fault with 42 × 42 sub-faults 
(Krishnan et al. 2006) 

Simulation model with the 
locations of the fault and stations 



Northridge Earthquake 

The synthesized velocity 
time histories are basically 
match with the records in 
the horizontal directions. 
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 Spatial variations in ground motions can have profound 
influence on the seismic response of arch dams. However, it 
is typically ignored in the current practice of dam 
engineering. 

 The large-scale numerical simulation may explicitly take into 
account the faulting mechanism, the propagation path and 
the site effects, and thus may be a potential solution to 
define spatial ground motions at dam sites. 



 It was a great fortune and honor for me having the 
opportunity of working with Prof. Chopra when I was a 
visiting scholar at Berkeley from 2007 to 2009. I was deeply 
impressed by his passion, drive, vision, deep knowledge, and 
experience.  

 Prof. Chopra has been an important influence on my career. I 
am really grateful for his constant inspiration, support, and 
encouragement. 



All the best wishes to Prof. Chopra for a 
happy and fruitful new phase of his life! 
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