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Introduction

Passive base-isolated (PBI) buildings

minimize damages of superstructures
resume operation

Recent trends of PBI building in Japan *)

Great Hanshin 
earthquake

*) : Yuji T., Nobuo F., Jun T., Masafumi M., development and analysis of database for base-isolated buildings in japan, 2011

Recently, use of PBI in high-rise buildings increases *)
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Introduction
Recently, use of PBI in high-rise buildings increases *)

*) : Yuji T., Nobuo F., Jun T., Masafumi M., development and analysis of database for base-isolated buildings in japan, 2011

Issues: 

Wind load contains mean component (along-wind)
Wind load acts directly on the superstructure

PBI layer is relatively soft
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Introduction
Recently, use of PBI in high-rise buildings increases *)

*) : Yuji T., Nobuo F., Jun T., Masafumi M., development and analysis of database for base-isolated buildings in japan, 2011

Issues: 

Wind load contains mean component (along-wind)
Wind load acts directly on the superstructure

PBI layer is relatively soft

It is difficult to suppress displacement response 
within the allowable range

Active structural control (ASC) strategy 
Control system designed by trial-and-error approach
Much guess and simulations are required

Design method for PBI buildings with ASC
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Introduction
Gust factor approach

Displacement responseStory wind force 
(along-wind direction)

𝑭ഥ 𝒙ഥgust factor for displacement
𝐦𝐚𝐱 𝒙

mean displacement
mean wind force

stiffness
=

maximum displacement

gust factor

mean control force

maximum control force

gust factor
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This paper

Objective of this study

PBI buildings with ASC

Mean displacement response Mean control force

The authors, 2018.3

Max. displacement response Max. control force

gust factor

Design method
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Model of buildings



1F

2F

3F

8F

9F

10F

20 m 20 m

aspect ratio 5

superstructure
height: 100m

10 DOF
shear building model
1st natural period: 2 s
1st damping ratio: 0.02

aspect ratio: 5

PBI layer
100 m
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Model of buildings

superstructure
height: 100m

10 DOF
shear building model
1st natural period: 2 s
1st damping ratio: 0.02

aspect ratio: 5

1F

2F

3F

8F

9F

10F


PBI layer

isolated period: 3, 4 and 5 s

damping ratio: 0.05

ASC device installed
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Control system
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control force

state vector

feedback gain

Feedback control

control law:

𝑢ሺ𝑡ሻ𝑍ሺ𝑡ሻ𝐾௉
𝑢 𝑡 ൌ 𝐾௉𝑍ሺ𝑡ሻൌ 𝐾௉஽ 𝐾௉௏ 𝑋ሺ𝑡ሻ𝑋ሶ ሺ𝑡ሻൌ 𝐾௉஽𝑋 𝑡 ൅ 𝐾௉௏𝑋ሶ ሺ𝑡ሻ

displacement feedback gain𝑲𝑷𝑫
velocity feedback gain𝑲𝑷𝑽
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State (displacement or velocity) Control force

Control system design

 



0

TT d )()()()(  ttuRtutZQtZJLQR Method

u Q, RKP

Aera×Q×Aera Aera×R×Aera

weight matrix

Q and R
I 0
0 0 = 1= 10

control law: 𝑢 𝑡 ൌ 𝑲𝑷𝑍ሺ𝑡ሻ
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Along-wind force
Along-wind force is calculated by wind tunnel experiment *)

Information of design wind load



1F

2F

3F

8F

9F

10F

location (expectation)

flat terrain category

story

wind direction

Tokyo

Ⅲ

0°

10F

return period

top wind speed

500-years

63.8 m/s

A5 building model A4 building model 
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Mean control force
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T0 = 3 s
T0 = 4 s
T0 = 5 s

accuracy verification
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Mean control force














1110
X

KP



















 

10

11

F

F
u

KX


ZKu P















































111

10

11

0
F

F
u

KKu P 





accuracy verification Eq.(1)

T0 = 3 s
T0 = 4 s
T0 = 5 s

validity is confirmed
via numerical simulations
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Gust factor for displacement

damping ratio for the 1st mode (with ASC)
natural period for the 1st mode (with ASC)

accuracy verification
0 = 0.01
0 = 0.05
0 = 0.10

T0 = 3 s
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Gust factor for displacement

damping ratio for the 1st mode (with ASC)
natural period for the 1st mode (with ASC)

accuracy verification
0 = 0.01
0 = 0.05
0 = 0.10

Validity is confirmed
via numerical simulations

T0 = 3 s
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Gust factor for displacement

damping ratio for the 1st mode (with ASC)
natural period for the 1st mode (with ASC)

accuracy verification
0 = 0.01
0 = 0.05
0 = 0.10

Validity is confirmed
via numerical simulations

GD is same for different 0
if  > 15

T0 = 3 s

GD as 0 if  < 10
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Gust factor for control force

𝐺௨ ൌ maxሼ 𝑢 ሽ𝑢ത 𝑢ሺ𝑡ሻ ൌ 𝐾௉஽𝑋ሺ𝑡ሻ ൅ 𝐾௉௏𝑋ሶ  ሺ𝑡ሻ
ൎ 𝐾௉஽max 𝑋 ൅𝐾௉௏max 𝑋ሶ𝐾௉஽𝑋ത ൅ 𝐾௉௏𝑋ሶത ൎ 0ൎ 𝐾௉஽max 𝑋 ൅𝐾௉௏max 𝑋ሶ𝐾௉஽𝑋തൎ 𝐾௉஽max 𝑋𝐾௉஽𝑋ത ൅ 𝐾௉௏ max 𝑋 െ 𝑋ത 𝜔ଵ𝐾௉஽𝑋തൎ 𝐾௉௏ 𝑋ത𝐺஽ െ 𝑋ത 𝜔ଵ𝐾௉஽𝑋ത൅𝐾௉஽𝑋ത𝐺஽𝐾௉஽𝑋ത

max 𝑋ሶ ൎ max 𝑋 െ 𝑋ത 𝜔ଵ

ൎ 𝐺஽ ൅ 𝐾௉௏𝑋ത𝐾௉஽𝑋ത 𝐺஽ െ 1 𝜔ଵ

𝐺௨
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Gust factor for control force

𝐺௨ ൌ maxሼ 𝑢 ሽ𝑢തൎ 𝐺஽ ൅ 𝐾௉௏𝑋ത𝐾௉஽𝑋ത 𝐺஽ െ 1 𝜔ଵ
accuracy verification

0 = 0.01
0 = 0.05
0 = 0.10

T0 = 3 s
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Gust factor for control force

𝐺௨ ൌ maxሼ 𝑢 ሽ𝑢തൎ 𝐺஽ ൅ 𝐾௉௏𝑋ത𝐾௉஽𝑋ത 𝐺஽ െ 1 𝜔ଵ
accuracy verification

0 = 0.01
0 = 0.05
0 = 0.10

Validity is confirmed
via numerical simulations

T0 = 3 s
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Gust factor for control force

𝐺௨ ൌ maxሼ 𝑢 ሽ𝑢തൎ 𝐺஽ ൅ 𝐾௉௏𝑋ത𝐾௉஽𝑋ത 𝐺஽ െ 1 𝜔ଵ
accuracy verification

0 = 0.01
0 = 0.05
0 = 0.10

Validity is confirmed
via numerical simulations

GD is same for different 0
if  > 15

T0 = 3 s

GD as 0 if  < 10
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Design method & example
Step 1. Specify: parameters of building, wind force

return periodsuperstructure
PBI layer

super struct.:  100 m, Ts = 2 s, s = 0.02
PBI layer:  T0 = 3 s, 0 = 0.05 return period of 500 years
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Design method & example
Step 1.

Step 2. Determine the restrictions of max. response and control force
xmax,lim = 40 cm, umax,lim = 10000 kN

super struct.:  100 m, Ts = 2 s, s = 0.02
PBI layer:  T0 = 3 s, 0 = 0.05 return period of 500 years
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Design method & example
Step 1.

Step 2. xmax,lim = 40 cm, umax,lim = 10000 kN
Step 3. Calculate the mean displacement and mean control force
Step 4. Calculate the gust factors
Step 5. Calculate the max. displacement and max. control force 

super struct.:  100 m, Ts = 2 s, s = 0.02
PBI layer:  T0 = 3 s, 0 = 0.05 return period of 500 years
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Design method & example
Step 1.

Step 2. xmax,lim = 40 cm, umax,lim = 10000 kN
Step 3. Calculate the mean displacement and mean control force
Step 4. Calculate the gust factors
Step 5. Calculate the max. displacement and max. control force 
Step 6. Select the weighting entry 

 = 13 for model 1

 = 15 for model 2

super struct.:  100 m, Ts = 2 s, s = 0.02
PBI layer:  T0 = 3 s, 0 = 0.05 return period of 500 years
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Design method & example
Step 1.

Step 2. xmax,lim = 40 cm, umax,lim = 10000 kN
Step 3. Calculate the mean displacement and mean control force
Step 4. Calculate the gust factors
Step 5. Calculate the max. displacement and max. control force 
Step 6.  = 13 for model 1  = 15 for model 2
Step 7. Construction the control system

super struct.:  100 m, Ts = 2 s, s = 0.02
PBI layer:  T0 = 3 s, 0 = 0.05 return period of 500 years
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Design example: simulation results

50 150 250 350 450 550 650
0

2

4

6

8

10 106Model 1 without ASCModel 2

design limit
design limit
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Conclusion

Estimation method for mean control force and displacement 

1.  Gust factor approach for PBI buildings with ASC 

gust factor for control force and displacement

2.  Design method for PBI buildings with ASC

Estimation method for max. control force and displacement 

No trial-and-error approach

No numerical simulation

This study developed: 


