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Important Lessons Learned from My Mentor 

 How to write organized technical documents that are polished to 
perfection, with clarity of expression and conciseness 

 How to approach research systematically 
 Start at a basic level 
 Systematic variation of important dynamic parameters 
 Validate all results by comparison with fundamental engineering principles 
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Scope of Tests – 3 Configurations 
Isolated with triple friction 
pendulum (TP) bearings 

Isolated with hybrid configuration of 
lead-rubber and cross-linear bearings 

Fixed at the base 

Period T = 0.7 sec  
First Yield Base Shear ~ 0.67W 
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Nonstructural Components 
Ceilings and Partitions Fire Sprinkler Piping 

Enclosed contents rooms 
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The TPB system was to be 
subjected to a wide variety 

of ground motions. 

• Typical broadband 
frequency motion 

– El Centro 

• Typical near-fault (2-3 sec 
pulse) 

– Sylmar (Northridge) 
– Takatori (Kobe) 

• Very long period near-
fault (4-5 sec pulse) 

– Chichi, Tabas 

• Long period, long 
duration subduction 

– Sannomaru 
– Iwanuma (Tohoku) 

• Soft soil record 
– Michoacan (Mexico City) Natural Period (sec) 

15% Damped Spectral Disp. 
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Rinaldi 88% - 3 System Comparison Vertical Acc. 

6th floor 
column 

 
 
6th floor 

slab 
 
 
Shake table 
(ground) 
 
 September 2016 

 NZSEE Travelling Lecture 
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Amplification of peak vertical acceleration 
from table to floor slabs 
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Ground Motion Number Ground Motion Number 

 On average, peak slab acceleration increased up the building height 
 Average amplification factors on the order of 3 to 6 
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Horizontal accelerations were amplified in 3D shaking 
compared to 2D shaking, suggesting some a horizontal-

vertical coupling effect 
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 Horizontal Input scaled to 
40% on Fixed-Base System 

Roof Acceleration in Each System Configuration  
(Northridge – RRS: Peak Table Acc = 1.14 g horizontal, 1.2 g vertical) 
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Floor Acceleration Response in Hybrid LRB 
System, XY vs 3D Motion (Vert. PGA = 0.44g) 

 
 

Ryan KL, Coria CB, Dao ND (2013). “Large Scale Earthquake Simulation of a Hybrid Lead Rubber Isolation System 
Designed With Consideration of Nuclear Seismicity”, CCEER Report No. 13-9, Center for Civil Engineering Earthquake 
Research, University of Nevada, Reno  



What was the cause of the increase in 
horizontal floor acceleration? 

X-direction 

Y-direction 
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peaks in y-
direction 
for 3D 
input 



Floor Spectra for Diablo Canyon 95%, x-direction 
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Mode 1 

Isolation Mode 
T = 2.72 sec 

Analysis of Floor Spectra, Hybrid LRB 
System and XY Input 

Mode 5 

1st Structural Mode 
T = 0.36 sec 



Floor Spectra for Diablo Canyon 95%, x-direction 
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Analysis of Floor Spectra, Hybrid LRB 
System and XY Input 

Mode 8 

2nd Structural Mode 
T = 0.17 sec 



Floor Spectra for Diablo Canyon 80%, y-direction 
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3rd Structural Mode 
Y-direction 
T = 0.1 sec 

3rd Structural Mode 
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Floor Acceleration Response in TPB 
System, XY vs. 3D Motion 

Ryan KL, Dao ND (2015). “Influence of vertical ground shaking on horizontal response of seismically-isolated 
buildings with friction bearings”, Journal of Structural Engineering (ASCE), 142(1):0401531 
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Floor Acceleration Response in TPB 
System, 3D Takatori (Vert. PGA = 0.28g)  

 
 Mode 8 

2nd Structural Mode 
T = 0.17 sec 

     The acceleration 
profile in X-dir 
follows the 2nd 
structural mode. 

 
 



Floor Spectra for Takatori 100%, x-direction 

Analysis of Floor Spectra, TPB System   
3D Input 

Mode 8 

2nd Structural Mode 
T = 0.17 sec 
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Base Shear in TPB System, 3D Takatori 
(Vert. PGA = 0.28g)  

 
 

     Oscillation at 7 Hz 
(0.14 sec) due to 
vertical 
acceleration is 
transmitted to the 
base shear, and 
amplifies the 
second structural 
mode. 
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Base Shear in 2D vs 3D Shaking 
TPB System, Northridge Rinaldi 

3D Input 
2D input 
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Where do we go from here? 

 Seismic isolation is still a pretty good system, but it is not the end all 
solution for everything.  

 If design is driven by quantifiable performance requirements, the 
effects seen in the test can be predicted by analysis if the 3D input is 
considered 
 Acceleration amplification due to H-V coupling (3D input) 
 Vertical slab vibration (3D input) 

 We have a long way to go to mitigate effects of vertical shaking, if this 
is found to be a worthwhile goal. 
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My Own Personal Discoveries 

 Always be prepared for the unexpected. 
 Always remain objective. 
 Understanding what happens in a test can take your very best detective 

skills, and can be a lot of fun. 
 Important not to get too caught up in one test, and keep a balanced 

perspective of the big picture. 
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