
Sasa Cao

Influence of geometric scaling on the adaptive 
behavior of variable curvature friction pendulum 

bearings

S ch ool of Civil En g in e e r in g , Gu a n g zh ou  Un ive r s it y, 
Gu a n g zh ou

Ju n e  8 ， 2 0 2 6

Guangzhou university 5IBSW

2 0 /1

Xiaolong Sheng, Haojie Qiu, Jie Huang, Osman E. Ozbulut



Background and Motivation

Experimental Testing of VC-
FPBs

Numerical Simulations of 
VC-FPB

Conclusion

2 0 /2

Guangzhou university 5IBSW



Background and Motivation

2 0 /3

Guangzhou university 5IBSW

D o u b le  s l id in g  is o la t o r w it h  va ria b le  c u rva t u re  
( D S IVC)  (Lu  e t .a l)

S u p e re la s t ic  p e n d u lu m  is o la t o r w it h  m u lt i -
s t a g e  va ria b le  c u rva t u re  ( S P IVC) (Zh e n g  e t .a l)

M u lt ip le -va ria b le  fre q u e n c y p e n d u lu m  is o la t o r 
( M VFP I)  (H a n  e t .a l)



Background and Motivation

2 0 /4

Guangzhou university 5IBSW

S h a k e  t a b le  
t e s t

S m a ll -s c a le  
s p e c im e n

Fu ll-s iz e  
b e a rin g



Experimental Testing of VC-FPBs
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Experimental Testing of VC-FPBs
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Experimental Testing of VC-FPBs

Specimen R ds hs r1 r2 L l1 l2 l3 l4 H h1 h2 h3 h4 hp

S1 1000 200 122 100 200 760 50 30 200 200 200 20 31.7 30 36.6 19

S2 500 100 72 50 100 400 20 20 100 120 130.6 20 17.9 20 15 9.4

S3 250 50 40 25 75 310 30 15 85 50 110 20 20 10 10 15

S2M 500 100 81 70 100 400 20 20 90 140 121.2 20 17.9 20 5.5 4.7

S3M 250 50 57 50 75 310 30 15 60 100 110.8 20 20 10 10.8 6.9

Table.1. Dimensions of specimens (Unit: mm)
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Experimental Testing of VC-FPBs
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Experimental Testing of VC-FPBs

Ta b le .2  Lo a d in g  
c a s e s

Case
Vertical Load 

(kN)

Average Pressure 

(MPa)

Loading 

Cycles
Loading Frequency (Hz)

Disp. Amplitude 

(mm)

S1-P14 400 14.1 2 0.005 50-350

S1-P21 600 21.2 2 0.005 50-350

S1-P28 800 28.2 2 0.005 50-350

S1-P35 1000 35.3 2 0.005 50-350

S2-P14 75 14.1 2 0.005 50-185

S2-P21 100 21.2 2 0.005 50-185

S2-P28 150 28.2 2 0.005 50-185

S2-P35 200 35.3 2 0.005 50-185

S3-P21 37.5 21.2 2 0.005 50-135

S3-P28 50 28.2 2 0.005 50-135

S2M-P14 100 14.1 2 0.005 50-185

S2M-P21 150 21.2 2 0.005 50-185

S2M-P28 200 28.2 2 0.005 50-185

S2M-P35 250 35.3 2 0.005 50-185

S3M-P14 25 14.1 2 0.002 50-135

S3M-P21 37.5 21.2 2 0.002 50-135

S3M-P28 50 28.2 2 0.002 50-135

S3M-P35 62.5 35.3 2 0.002 50-1352 0 /1 2
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Experimental Testing of VC-FPBs
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Experimental Testing of VC-FPBs
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Experimental Testing of VC-FPBs
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Numerical Simulations of VC-FPBs
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Numerical Simulations of VC-FPBs
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Conclusion
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1 .  As  s p e c im e n  s ize  d e c re a s e s ,  t h e  d is c re p a n c y in  t h e  h e ig h t  d e p t h  o f  t h e  va ria b le  

c u rve d  s u rfa c e s  b e c o m e s  s m a lle r,  le a d in g  t o  a  m o re  c o n fi n e d  a n d  s h a l lo w e r s t re s s  

a n d  s t ra in  d is t rib u t io n  w it h in  t h e  fric t io n  p a d s .  Th is  g e o m e t ric  l im it a t io n  c a u s e s  t h e  

a d a p t ive  s t iff n e s s  b e h a vio r t o  d im in is h  o r d is a p p e a r e n t ire ly in  s m a ll -s c a le  

s p e c im e n s .  2 .  To  re c o ve r t h e  in t e n d e d  a d a p t ive  s t iff n e s s  b e h a vio r in  s c a le d  VC-FP B s ,  i t  i s  

n e c e s s a ry t o  a d o p t  va ria b le  c u rva t u re  s u rfa c e s  w it h  m o re  p ro n o u n c e d  h e ig h t  

d iff e re n c e s .3 .  Th e  d e p t h  o f  t h e  fric t io n  p a d s  p la ys  a  c rit ic a l  ro le  in  d e t e rm in in g  t h e  

d is t rib u t io n  o f  s t re s s  a n d  s t ra in ,  a n d  c o n s e q u e n t ly t h e  fric t io n  c o e ffi c ie n t .  

4 .  Th e  s t re s s  p e n e t ra t io n  d e p t h  a n d  d e fo rm a t io n  m e c h a n is m s  va ry s ig n ifi c a n t ly 

w it h  s c a le .  La rg e r s p e c im e n s  d is p la ye d  d e e p e r s t re s s  c o n c e n t ra t io n s  a n d  m o re  

lo c a l ize d  n o n l in e a r b e h a vio r,  w h e re a s  s m a lle r s p e c im e n s  e xp e rie n c e d  b ro a d e r,  

m o re  u n ifo rm  s t re s s  d is t rib u t io n s ,  re d u c in g  t h e  c la rit y o f  va ria b le  s t iff n e s s  

t ra n s it io n s .
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