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The hybrid simulation can offer 
a cost-effective alternative to the shake table test.

Real time and model updating techniques 
are required!



3
3

4
3
2
1

stories equipped with BRBs

-dimensional shaking
with Takatori ground motion with 
progressively increasing scale factor

bays
in the X direction (5+5 = 10 m)
in the Y direction (7+5 = 12 m)  

sample BRB component test 
for off-line model fitting

Kasai K, Ito H, Ooki Y, Hikino T, Kajiwara K, Motoyui S, Ozaki H, Ishii M. (2010 ). Full-scale shake table tests of 5-story steel building with various dampers. 
Proceedings of the 7th CUEE and 5th ICEE Joint Conference, Tokyo, Japan.

(Kasai et al., 2010)

BRB

BRB

5-story steel frame 
for 2009 blind analysis contests

http://www.blind-analysis.jp
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ありがとうございました
Big thanks go to Kasai sensei and his team for sharing the 
valuable test results of the 5 story BRBF



Kasai K, Ito H, Ooki Y, Hikino T, Kajiwara K, Motoyui S, Ozaki H, Ishii M. (2010 ). Full-scale shake table tests of 5-story steel building with various dampers. 
Proceedings of the 7th CUEE and 5th ICEE Joint Conference, Tokyo, Japan.

Calibrated Numerical 
Model

Accurate 
Simulation

5

Simulation
Measured 1 (Calculated from inertia forces)
Measured 2 (Calculated from member forces)
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(Kasai et al., 2010)

Accuracy can be verified with the test results 
(under Takatori ground motion)

Reasonably good
Prediction

PISA3D model as the 
reference model
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Chuang MC, Hsieh SH, Tsai KC, Li CH, Wang KJ, Wu AC. (2017). Parameter identification for on-line model updating in hybrid simulations using a gradient-based 
method. Earthquake Engineering & Structural Dynamics; (accepted).
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Compared with the reference model,

(modified from Chuang et al. 2017) 



Numerical 
Substructure 

(NS) + Recdex
Elements (REs)

Physical 
Substructure 

(PS)

Auxiliary 
Numerical Model 

(ANM)

Conduct hybrid simulation

1. Update relevant models (8 SPD ICs of 1F and 2F)
2. Update the 12 x12 stiffness matrix (Kt) via static condensation

RE

PI: Prof. Keh-Chyuan Tsai
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Parameter 
identification 

with the 
gradient-based 

method 
(Chuang et al. 

2017) 

Chuang MC, Hsieh SH, Tsai KC, Li CH, Wang KJ, Wu AC. (2017). Parameter identification for on-line model updating in hybrid simulations using a gradient-based 
method. Earthquake Engineering & Structural Dynamics; (accepted).



Features of the Proposed Gradient-based Parameter 
Identification Method for Model Updating

10 10.5 11 11.5 12 12.5
Time 

(second)

0.5

1

1.5

N
or

m
a l

iz
e d

 

pa
r a

m
e t

er

Time step

Parameters
Hiso1+
Hiso2+
Hiso1-

Hiso2-

Hkin1
Hkin2

10 10.5 11 11.5 12 12.5
Time 

(second)

0
2000
4000
6000
8000

10000

Ti
m

e 
co

m
su

m
pt

io
n (m

s )

Time step

0

2

4

6

N
um

be
r o f

 ite
r a

t io
n s

Time used
Iterations

 The parameters to be identified are selected according 
to the stress state of the auxiliary numerical model. 

 The parameter values are periodically identified at 
every 3 steps in the time stepping integration.

[Elastic]: 
(No parameter to be identified) [Kinematic hardening]:  

2 parameters  to be identified
(Hkin1, Hkin2)
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[Isotropic hardening]:  2 of 4 parameters to be identified
(Hiso1+ = Hiso1-; Hiso2+ = Hiso2-)



On the Way to Advanced HS
Verification for HS with MU using the Shake Table Tests
 The full-scale tests of the Shake Table@Tainan Lab. will enrich the 
databank.

Real Time Hybrid Simulation (RTHS)
 Based on the experience from MATS@Taipei Lab., the capacity of 
BATS@Tainan Lab. will enable development of RTHS.
 Improvement of efficiency of parameter identification

Parameter Identification and Model Updating
 Proper constitutive model for RC structure 
 Feasibility of sharing the identified parameter values with the 
relevant models
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Thank you.

2015
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