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Optimal Design of Semi—Active Mid-Story Isolation System using
Supervised Learning and Reinforcement Learning
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Abstract

A mid-story isolation system was proposed for seismic response reduction of high-rise buildings and presented good
control performance. Control performance of a mid-story isolation system was enhanced by introducing semi-active control
devices into isolation systems. Seismic response reduction capacity of a semi-active mid-story isolation system mainly
depends on effect of control algorithm. Al(Artificial Intelligence)-based control algorithm was developed for control of a
semi-active mid-story isolation system in this study. For this research, an practical structure of Shiodome Sumitomo building
in Japan which has a mid-story isolation system was used as an example structure. An MR (magnetorheological) damper
was used to make a semi-active mid-story isolation system in example model. In numerical simulation, seismic response
prediction model was generated by one of supervised learning model, ie. an RNN (Recurrent Neural Network). Deep
Q-network (DQN) out of reinforcement learning algorithms was employed to develop control algorithm The numerical
simulation results presented that the DQN algorithm can effectively control a semi-active mid-story isolation system

resulting in successful reduction of seismic responses.
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(Fig. 1) Analytical model of example building
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(Table 1) Hyperparameter for DQN

Item Value

Learning rate 0.001
Target update frequency 5
Discount factor 0.99
Mini batch size 256
Activation function Relu

Optimizer Adam

Gradient threshold 1
Max. episode 10,000

DQN HEIE F/G6R= Aol L st W58 AR
ol TERlo] Wilisio] TiE sAEMEe 7K ARdekEo]
it &&do] Hotd 4= QIT OFF 11Heio] & Solkl=
(Fig Dol LR HiQ} Zo] ATAZS AARBIICE DAN 41
A80] e TH=A] OF Hoi] st AHeE H 7R
N0 AElRE it Al nIRE S8 &
IEHIA RS Fdok= MR 2l 2 W=
90t HHQ] 0-10VE 1V ZHOR LIF0] & 179 &
F7IE 7] DN A 20719 F71E 7Rl &
AAZ 2N 436100t & o= mlopd WA 36
HAMEE WA 1602 ARESIO) DN RS AeilT:

E featureinput

i
%

i
o

£ 0 0
0 0
2
o2

oA

mp Input size: 7

% IC = Cutput size: 20
/E relu

% TC yConnected mp Output size: 20
B relu
( fc .

% fullyConnected = Output size: 11

(Fig. 7) Configuration of DQN

76 _HM213H M4as ER 865, 2021, 12



AZ ZE0|EE ASe Z2|PHAE E32|E 2E| Eo| MHds

4. 55 SUEHWAER| XREISH Hotds

Fssh HiQE o] 2 g3oflA= 10,000 ofRlAEE O]
8olo] Zslskae sHollrt Lsfelss Zdelo] oful
AE7} E71800l etk DAN OJoRE:E FAES HAb
O] I "isfos WilshA| Ert 2 o5toili= DN of
OIIEY} ZoteksAl oz Fofrl &St aJefof| thst
Hse MBS Th e -greedy RS AKSSITE € -greedy
RIS & AIEo10] A SFER S5 AFA™olA of
= 2 s= ©E0l 7Mslo] Afels
1 = S HsS HEiol S SIT) of By
S XashH WA ZE9)(greedy) SES AEISIK] &1,
9d gE2 TEE oA Ho=AW A9 FEsH(local
minimum)of] WA 2es SKEEILE &2 oo AKSSH
DQNQ| Z3eks sksabaolA Hdl(exploration)S S
ORH SIRH9] RAE Eelexploitation)TXE ¢ HE &
okl &gt 4= QUL €342 o9 Ale Salik] Akl
o AER} 0-1A1019] HHEgE HHAARAA AR e B
C} ZtoH Qlojo] WEFelE Algslo] 1ZX| 2o st
5= DQN AHEZolA] o5SH AEE ARESITL

[

ol

L

e=1/(episode/10) %)
0] Bi50] 7R  ~greecy O AIS3R

gl 2l6lod B8 (exploration)& 20| 517] W20l HA0]
HEZ0] IAR ofulAtrt SIS «310] 01014
SRfe] KAlS S (exploitation)dl= ZAalo] AXEZ H
SZ0| Z01SA| Hr

Sl53E DON OoRE IS 58 SUEHIAE
(Semi-active Misdstory Isolation System, SMIS)Q] Ao]
IEEOR 0lE510] Aofst oRlAE9] AISH A
ss HESILE 01 floliAl ofFl=0| thell &4
o] 5 EEHRAAE(Passive Misdstory Isolation
System, PMIS)E AKE510d Alofgt B0l thatix] & Hi
WSl ARRIGESl thst ofFl] 7529 S5AsS thi
olo] BEIEE 4= Q= 115 SYHHS|, RS S, KIS
S He| XSS 7KE=8He ARoEE 212 SMISet
PMISoll thell Hlus1o] <Fig. 8)-<Fig. 11y0l LERHCE
ZE0] PMIS AAREE 37| QIslo] SMISol Aetel= 8y
RIS 0-10VAIIE 1VREH0R J&eh 71slo] 7k =

2 115 SRS LEM= Zgez AJHisilct. sMIs
oF PMISO] Z[HR] SEE FEHCOE Hlulsh| f1610d Al
O HE 41 SHC FTiRIeL 2 35S HIE ARslo]
(Table 20l LIERIRICE. SHE| HIE 2] @it} sMis)
FHSEES PMISY| ZCISHOE L0 ARSI, wet
A SEO HPL 1HC AloW Aies SMISO] Alotds
O] PMIS9] Aofdskrt O 9ot Zig Qnfelt.

..... DQN Controlled
Optimal Passive

11th story drift (m)

Time (sec)

(Fig. 8) 11" story drift

..... DQN Controlled
Optimal Passive
— 0.4
3 ]
E
=
©
o
[=]
-
" -
[
2
=
5 -
S ]
- 0.6 T T T T T T T T T
0 5 10 15 20 25
Time (sec)
(Fig. 9) Isolation story drift
..... DQN Controlled
3 Optimal Passive
= os
= _
<
£
[
=1
<
a
2
=
=
S
>
2 .08 T T T T T
l:% T T T T

Time (sec)

(Fig. 10> Roof story displacement

_____ DQN Controlled
Optimal Passive

Roof story acceleration (m/s’)

Time (sec)

(Fig. 11> Roof story acceleration




o
-
[0
oN
rol
4>

(Table 2) Comparison of peak responses

Response SMIS | PMIS |Ratio(S/P)
11" story drift(m) | 0.045 | 0.057 |  0.79
Isolator drift(m) | 0.358 | 0.429 0.83

Roof story disp.(m) | 0.495 | 0.603 0.82

Roof story acc.(m/s’)| 5.655 | 7.303 | 0.7
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