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Part 2 Structural Vibration Control Technology

H2E RESMEIT
Chapter 2 Design of isolation Structures
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Chapter 3 Design of Energy-Dissipation Structures
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Chapter 4 Structural Passive Control
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Chapter 5 Structural Active and Semi Active Control



5| 1 Introduction

LR RIS HI AL 2 The concept of Structural
vibration control

1. EAER it A A EFERE]RE Problems in conventional
design methods for seismic structure and wind resistant structure

L4 P A R 35 R A 1 72 A XU 1

Resist the earthquake and wind action directly by load-
bearing structures

FHHG 0 25 1) W BE B 5 VAR BRI R 223K, A& bt
Meet the requirement of earthquake and wind resistance by
Increasing structural stiffness, which is wasteful



5| £ Introduction
2. G RENEFI ARSI =T
structural vibration control method

XL 7R E, HPUREE 5SS HILFERRZ
WEAER, BIILFEGEAAFFESOhERE R, LIRSS
Ty A M = S N

In order to reduce earthquake response, a seismic
device is installed and resistant earthguake
together with the structures by storing and
dissipating earthquake energy

[M]ixj+[Clixj+[K]ixj=F® - [M][1]%,




3 LR =TI A9 43 2 Types of vibration control
W afiEHl—AFEEZIMNERREIRMIA Passive vibration
control without energy input

FLAtibE R . DABCR S M PN TR R
Base isolation: changes the natural frequency of
structure

FMEREIR = :  LAXEINZE Ry BELJE Oy T IR BOR
Passive energy dissipation: increase structural
damping

4 2 o = R 4

Tuned mass damper




3 LR =TI A9 43 2 Types of vibration control

3

EREH—— B BN NR TS, A

TE5#) e AR TFHIE S active vibration control that
require control force provided by energy input, which
relies on structural response and disturbance signal

| R LGS BESAES)E 4 the control
system consists of sensor, calculator and actuator
RS G DT, TR B AR VR AR R IS TR IA IR IR
disadvantage: high-cost and the immense power
required cannot be guaranteed during earthquake
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F mhfEhl——RK H A AS MAVH ahiEHl 2R & semi-active
control using passive control with adjustable parameters

ANTFEAR KA REds S N, HOHE T 45 1) S B AN Ak
ATIEE, KHsIEH R RES

It relies on structural response and disturbance
signal rather than large energy input and adopts
optimal control strategy to adjust parameters

DI sh sl oy T, B EA R shEmIr T, X
HA Fshizhil g A, & — R R A A s )4
7R Mainly passive control, It is a promising

control system which integrates the reliability of
passive control and adaptability of active control




R ——R A AR B AT B IR R S BRI R %
B AMRESERIESIF N
Intelligent control ------ control method which adopts

Intelligent control algorithm, intelligent driver or intelligent
damping device.

BRI 500 intelligent control algorithm

BREF LN ES 1 intelligent material and device

e A 1Rl ——A BEHI NS & RYFEHI 75 7% Hybrid

control---- that combines different control methods
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4. L (SEZRINEEXTLL)
advantages over conventional aseismic
structures

Z2AE (BRGNS EAMRESHMER M
tk{E) Safety and reliability (the ratio of the
earthquake response of damping structures
to that of conventional aseismic structures)

|solation structures: 8%~25%

Energy dissipation structures: 30%~60%

TMD passive vibration control structures:
30%~60%

Active control structures: 10%~50%




4 (5ERGEIMESMAXTEE)
ZrtlEsr (LEIEEM
economic efficiency (saving engineering cost)

vibration isolation structures:3%~20%
energy-dissipation structures: 3%~10%

passive or active control structures 5%~20%

BT R Flexible design
BN SEET Wide range of applications
@ M{&E 5 {F Easy to maintenance
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5. TIESEMRBREEHIEINEIM A Applications of
vibration control technology on engineering
structures
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Chapter 2 Base isolation structure

g5t
LRk G 7 7 s

fRREEERREFRRAMSEMZEIZERREEIUR
B REENEE.

By using Isolators and dampers, the building is "decoupled”
from the ground motion of any earthquake and the
transmission of seismic energy to the building is dampened.
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reviews of development in base isolation

The idea of base isolation dates back to the late
nineteenth century, but the application of generalized idea
of base isolation has even longer history. The sticky rice
mixed lime was used in the Forbidden Palace to form the
flexible isolated layer. However the theory and application
of modern base isolation just began in the 1970s and are
widely used recently.

REulifgE S Rt E oA AN, TR
J7 SR BE IR MRS, Wb HUE Wi scA oK A IR 2R
VR RS SRR s IUARI Rl fe R e A SL B T G T E ke
7040, MHBON 2.




1.2 EABRET A Early Seismic Isolation Technology

AAEEBE RN AZKXERIGER
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In 1891 Kawai Hirohide proposed the “structure without
great vibration under earthquake”. The logs is used between
the upper structure and base to isolate the building from the
ground motion under earthquake.



Seismically isolated structures
proposed by J.A.Calantarients

J.A.Calantarients 190942
BB =E 254 (Base-isolated
building )5 £. XHIEZEHE
RIS SEM B RE
AERF, HEREFIRIL

=g

The first patent application for seismic isolation was
granted to Mr. J.A. Calantarients in 1909. His idea was to
install a sliding layer between the building and its
foundation to allow the building to slide during an
earthguake. Thusly, the energy transmitted to the building
itself Is reduced
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EHES HFEF

Nakamura Taro’s seismically isolated structures

In 1927, Nakamura Taro of Japan conceptually proposed
a sleeved pile isolation system which was consisted of
several columns under the ground floor slab with around 15
meters length to the depth of the solil under the structure and
utilizing dampers at the joint points of ground floor slab and
these columns.



ZF 14 EPRR&H (Flexible first-story building)

ZMEEEMIR = S HEMarte | FE19295F 2 H,
FHGreen (19354F) FllJacobasen (19384F) iH—2 LA
MrER=; CEIRERE=BPT1934FENEME 2x

GiA. IR, FAERHENDBE, SARRIEE) T

, HHEREBREK, NS LS ZR
R AERBN
The concept of flexible first-story

building was proposed by Martel in 1929

which was further improved by Green(1935)
and Jacobasen(1938).The picture was this

kind of building by Kenzaburo Mashima. “:
During an earthquake, the flexible story :

becomes plastic, the stiffness reduced and
structural period was extended, resulting in
earthquake effect on the structure reduction.



RENZIERIRE RS (Ro/ler bearing system)

AR BREM EETERBVERRE, BERI1E4RREL T 2#HR
MY IEXREERS, LIETHakFEMBERESFZH, ERTHERE
=Eeali, MitEREE LR, XLERBKRERZIIKREEE
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To overcome the defects of
flexible first-story building,

scientists proposed a variety
of roller bearing systems
Including spheral and elliptic.
However, because earthguake
effect is isotropic, while the
Isolation of roller bearing
systems is directional, this
type of isolation failed in
application




2. XPR=EFZ/N modern seismic isolation technology

BRBERR ARG

The seismic isolation system—Ilaminated rubber bearing




examples:

a. USC University Hospital
19941 H17TH, REXFI/REEZKEBEZIME, RHN=6. 7,
H MR, S5, 18700 N, kIR K.

The 1994 Northridge earthquake occurred on January 17,
at 4:30:55 a.m. PST and its epicenter in Reseda, a
neighborhood in the north-central San Fernando Valley region
of Los Angeles, California. The blind thrust earthquake had a
moment magnitude (Mw) of 6.7 and the death toll was 57,
with more than 8,700 injured.

R ML RS, —FENRRRSI, I FEAPURSS

AP

There were two hospitals near the epicenter. One is
seismically isolation structure and the other is conventional
seismic structure



RN R ER (RRREH)D
In the 1971 San Fernando,
California, earthquake (seismic
Isolation structure)

HMHRRER (JUREH)
The Olive View Hospital

(conventional seismic
structure)



B I R 27 2= 5% (The University of Southern California Teaching
Hospital) /& % 1 32 i b 7 R 48, 1X MR G 2 B Bie 22 Al 0 & B2 N
0.49g, MITZMEE R A0.21g, MIEEHTERECN1.8, MPLRE
LERIRNS B ZE B (The Olive View Hospital) i) 2 IniE & 6 0.82g,
M 0R IR E 092,319, I BE K R %092.8, HIG ] WAR IR 5L
ol o 2 2 Gt DR

The hospital seismically isolated by a lead-rubber bearing
system was able to continue to operate. This seven-storey
hospital (the University of Southern California Teaching
Hospital) underwent ground accelerations of 0.49g, while the
rooftop acceleration was 0.21g, that is attenuation by a factor
of 1.8. The Olive View Hospital, nearer to the epicenter,
underwent a top floor acceleration of 2.31g compared with its
base acceleration of 0.82g, a magnification by a factor of 2.8.
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The University of Southern California Teaching Hospital
In eastern Los Angeles is an eight-story concentrically
braced steel frame supported on 68 lead rubber
Isolators and 81 elastomeric isolators.
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During the earthquake and following aftershocks, none of
the 6-feet-height vases was knocked down and the
medical instruments were undamaged. The hospital works
properly and became arelief center playing an important
role in the rescue.




R EREL19TIFEERIR
BEEZMBHRIBRIHE, 104

JEER, HEmTREE.
The Olive View Hospital

suffered large damage In the
1971 San Fernando, California,
earthquake and was rebuilt after
10 years with increased
earthquake resistant strength

FEMRIRE S, BY IR A B Y]
ek, WEISE. BTIMEXAES
e, whSEEAET. #iEl. mA
KEBR, FERK, BRUARE
R, s8R T EBRRIZIRE.

In the earth quake, the shear wall
cracks, medical instruments and
furniture fell, and medical records
scattered on the ground.
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HHRRER (PLBSH)
The Olive View Hospital

(conventional seismic structure)

Moreover, the pipes burst and
water flooded the layers. The
building lost its function
completely



b. Wk /)\EHEZRLE R ERREEE

19945E9 H16 H, &k kA 7 7.3 E, EHEE =ik 4]
200~ B, kT ZUEE NG, HEEREERTE, BERIIERE,
Touhte, H/OEBRE Yk, FET-126 N /KA E A /KIEH T 1/3

L=k T e v et J\ R A SR A5 ) v A P = e B N O T3
SE)), W 2L QRAL Ps AP AT IE 1) 7= 5 R A e KA T LR
The 1994 Taiwan earthquake occurred on September 16 in
the southern Taiwan Strait, killing 126 people. The magnitude
of this earthquake was given as Ms 7.3 by Fujian
Seismological Bureau. The epicenter was located about 200
km from Shantou city. The Seismic intensity in Shantou is VI.
Buildings shook and people panicked, barely standing on their
feet. The Youth jumped out of window and water in buckets
spilled out about 1/3.

However, People lived in the eight-story seismic isolated
Frame structure at Linghal Road, Shantou felt nothing. Only
after hearing cry and shouts nearby did they know there was
an earthquake




c. WESTXJE (West Post Office Building)

1995 F1HITHRAE T EIZIKWEIUUJ@@? RRT.2%%, & HAM G | KRR K
., EXXMES, BIERE 'I'ﬁf%i']?ﬂﬂﬁijuﬁ"hﬂ% MIX LE P SR A]
A 2hE = %F@fﬁiﬁ&#k?ﬁ?ﬁ%giﬁ% UESE | R = 45 A A Rk

WEST K JZ (P4 #S IS B A%) 8 357 1 £146000m2, 6)= mElzthathﬁli = R
R REIR RAL3S A B, AR, |EM6ZE#HAT 1 Hu= il suil

The Great Hanshin earthquake occurred on January 17, 1995 Japan. It
measured 7.2 on the moment magnitude scale

The data on earthquake responses of two seismically isolated buildings
was recorded. From the data we can clearly see the effectiveness of
seismic isolation

West Post Office Building, which | #h &R 3 1]

have six floor and two towers. It A= RE: i it T
is 38.35m high and 46,000 6 103 -5 377
square meters area. Isolation B 06 = o3

layer is disposed between the

base and 1st floor and 6th floor B 300 263 213




Chapter 2 Seismically isolated structure
2.1 HZHREERNEESERSWNSER
2.1 Principles and characteristics of seismic isolation structure

2.1.1 SHHEREFEBRLEELRFE

2.1.1 Principles and features of seismic isolation

piok 4 4740
L+ ]

‘ T, R /s To T, AR /s



KERRERZTLARRE, ERGANER, BngsfakEE,
EEWMRER MBI, ABRFTRER, LS
fRafiEIT T MR, BEXFAZR), SRERLETREETER
S, AFEERIASELE.

Mounting the structure on isolating layer can increases the
natural period and damping of the structure, resonance and
near-resonance are avoided and the seismic acceleration
response is reduced.

The displacement mainly occurs in seismic-isolation layer.
The vibration of superstructure is similar to that of rigid body,
and its layer relative displacement is limited. The structure
works in the elastic stage without failure or collapse
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Basic features of seismically isolation

A EHF M Bearing capacity
BH B ENEmEE X E RSN ES.
Seismically isolated structures have sufficient vertical

rigidity and strength to support the weight of
superstructure

FEZ4 M Seismic isolation

S7EBRIKFIENE, EXEMPNERIERT, 17-|S2%
Bk E LR RN, AL ES T o S B
KERIER N, EHAZEREENR.

With sufficient initial horizontal stiffness, the
displacement of structure is minimum under wind load
and small earthquake and does not affect serviceability.
While in medium and strong earthquake, horizontal
stiffness of structure is not enough and becomes
flexible isolated system.
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Basic characteristic of seismically isolation

B

¥ Resetting

WEfk, LHEMHEERERMIEIRT, BEERKE
FAZEX.

After earthquake, the superstructure can recover
the original state to meet the serviceability
requirement.

A

‘éﬁ'l”_*c Energy dissipation

ERGANEGEERANERE, MR

E’J ’ﬁEE , MTFER L ARG R R EE S

Because seismic isolation system itself has large

C

amping, and it can dissipate sufficient energy,

thereby reducing the seismic energy absorbed by

the superstructure.
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2.1.2 RESMWINFTF=MNERSEE advantages
and Applicability of seismically isolated structure

fREGRYF S advantages of seismically isolated
structure

(1) IBE THENSHRNR M,

Increasing the safety of structure in earthquake

(2) EEREMZITEIRE, EfEEE 2T ;

Flexible design of upper structure and concise seismic
design

(3) BFLEAFImeRE. B, i, B TRERE;

Preventing the vibration, motion, and overturn of objects
Inside building, reducing secondary damage




(4) BElEIELE /Mt RV IRER ;
Preventing damage to non-structural elements;
(5) MEI TR ETER, 'S T REBRMEEME;
Suppressing the discomfort in vibration and improving
security and habitability

(6) AILUARFFIM, L3k, 2B HITIREE;

Maintaining the functionality of machines, devices and
appliances

(7) RELEEZE. BAHEMNTSIEE;
No requirement for repair after earthquake, which has
obvious social and economic benefits

(8) &I, AIIARRIIEEN.
Reducing the project cost by reasonable design
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Applicability of seismic Isolation system

(1) HWEX2-30ENRAE. HlanfE=E. Hh g, HEE,
BIBEE.
Civil buildings with 2 to 30 layers in earthquake zone such

as residential building, office building, teaching building
and theater.

(2) WEXEGLTIE. HIWER. S2KF0. BEFD,
KT BT Z@RA. 355
Lifeline projects in earthquake zone, including hospitals,
emergency centers, command centers, waterworks,
power plants, transportation hubs and airports
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Applicability of seismic isolation system

(3) WRXIWEEER

G, fBlan, EZHEMER. 1§

%E\F%@UEL 4. MUISERE. EEERPAER

LE.\ fLB_LIIII:I E.‘@ﬁo

Important buildings in earthquake zone such as historical
buildings, museums, ceremonial buildings, archives,
libraries, storage of dangerous material, and so on.

1'“”EI’JL REa4). Blan, TTEHLFL.

(4) AIBEER
%%&%JM *—

H ’L,\ \ *.LI)H\IJ H 'l\_,\% )

Buildings containing important equipment and instruments,
such as computer centers, centers of precision
Instruments, laboratories, and testing centers.

(5) R, EimkiREE

EREMY.

Important structures including bridges and aqueducts.



(6) MEEZAEXH. ERZZAE mFHEEHFEIE.
Buildings or cabinets containing important historical relics
and art treasures.
(7) ERHE. 455, FiRH, RXEF
Important equipment and instruments, radar station and
observatory.

(8) EIiH. LN EFAHITEIRIPIIEE
Buildings and structures inside which special protection is
needed locally

(9) EBWNEFRY. S ®E. LF, BEFATFER
makE, FIXHRERARFEITREMRENR.

Existed buildings, structures, equipments, instruments,
and facilities, that don’t meet the seismic requirement,
can be improved by seismic isolation




2.2 BEARGHARME TR

components and classification of seismic isolation system

2.2.1 REBERGHAHBREEHEFRI/ER

components of seismic isolated system and their functions

Upper structure

|solator

base structure



fRREAZRILEM components of seismic isolation system
fREARSG—MEMREER. e WEMEISSMNRNITH RKEFD

STLHRK -

Seismic isolation system generally consist of isolators, dampers and

control device of structure vibration under wind or tiny ground motion

FREREMEE(EA: function of isolator

XEZFYNZEAESE; EKTERERHEMY, sERE—ERKENIE.
KL ERER, BASEEH, BREFAINIMBERN. ERER
AWLZREET. BEMBES. ERHNRERSRR: SEGEE, Eied
EX R, BEEEBXES

Isolators have enough vertical stiffness to support the weight of the
building, and have a considerable horizontal stiffness to increase the
natural period of the building avoiding predominant period of ground
motion, thereby reduce earthquake response. They also have large
deformation capacity and self-resetting capacity. Common isolators:

laminated rubber bearing, coll spring bearing, sliding bearing and other
friction.



PHEEEMEE(ER: function of dampers
IRk FEett e =, AMHlGEH=E KRB R,
EIEMEL TS ERESILEE L.
Dampers absorb or dissipate earthquake energy and
prevent structure from large displacement, and also help
Isolators to reset quickly after earthquake.

WERNRNS RN RMEFIRENTEZER:

IEMRREAZNVIEINIE, EE2FTIEXTEEEE MR
ER NRFEFIRZE

Increase the initial stiffness of the isolation system, and

maintain the stability of the buildings under pulsation of
the ground and the wind load




2.2.2 BMERSZHISTIE Types of seismic isolation
system

(1) BT EAPE= Elastomeric bearing seismic isolation
(2) BBXFFRE Sliding seismic isolation
(3) 1EHRFEE swaying seismic isolation

(4) EBAFERE suspending seismic isolation



BEEIR . (B0 b= KR EI IR 5 =



B EHRR X BERMES 4 EE
configuration and properties of laminated rubber bearing

SEBRXERHESRMENRIEXERS, EEREER
REEET A

Laminated rubber bearing was consist of thin rubber and steel plates
laminated alternately and glued together after high temperature and
high pressure vulcanization.

B X BERARRT LA AR . R ERERE, —F]x%ﬂjﬂﬁﬁ, ES|EAi
SREELX. XEFL—RZEEFL, AERLIIEPRR S ERS
HREE], NMRIE~mRE.

Rubber bearing shape may be circular, square or rectangular, and
more generally circular, because its mechanical property is
Independent of direction. There is generally a hole in the center of the
bearing, so it can be heated evenly during vulcanization, thus
ensuring product quality.



"EEEBEHKE common laminated rubber bearing
BEEM4MER, ERXSHITEZ/MEREMERE.

Being elastic but not having significant damping property
SAOBEBRRYZE Lead rubber bearing
ENBENBER: —SRS X EIRERR, WIRZES
EENERE; ZEEMX B FEANIE, XTHEH] XK AR
it BRI EF . EARENERRERITEKRR
i EAE

The purpose of lead plug in the rubber bearing:

to improve bearing’s energy-absorbing capability and ensure
that is has moderate damping;

to increase the early stiffness of bearings which is helpful for
controlling wind-induced response and the icro vibration
by micro motion of foundation.



SPEBEMBZE High damping laminated
rubber bearing

KASHEESRRMAHIE, TR

e

TASEIEAENRA

MHREYF, SR BRE.

the damping characteristics can be adjusted by the
amount of graphite mixed in the high damping rubber
material. The high damping rubber may also be a
synthetic polymer material. This kind of synthetic
rubber has not only good performance but also
perfect anti-degradation abillity.

EISNUERER i )
THMRBEEY . SHEE®R
RUAIESTTFERME, XTHAL

A AR AR



Configuration of lead rubber bearing

w2 Rubber cover

Sfeel plate ..
Lead plug



Mechanical behavior of lead rubber bearing

(Mcompression behavior: same with the compression
strength of same- sized RC column

Due to the difference of the elastic
constants between the two
materials, the steel plate
constraints the lateral deformation
of rubber make it under three-
direction compression, so its
vertical compression capacity Is
much greater than that of rubber.




@ tensile behavior

tensile strength
depends on the tensile
strength of rubber

tensile strength depends on the tensile strength of
rubber. It tensile elastic stiffness is only one tenth of
compression stiffness. The experiment also
shows: the stiffness under compression after large
tensile deformation reduces by a half of initial

stiffness.



@ durability: same with that of building

The durability of rubber bearing is dependant of rubber
which is affected by the creep and oxidation reaction.
Because the steel laminated with rubber, the rubber
surface exposed in air is limited that the internal rubber
isn’t degraded even the surface has been oxidized.

The investigations and observation on a 100-years rall
rubber bearing isolators verified the results.

Furthermore, experiments results shows than the creep
thickness of rubber is only 10% of the total rubber
thickness in bearing.

Therefore the durability is consistent of the service-life
of building.



Configuration and details of lead rubber bearing




Isolators in bridge
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2.3 EilifRRGHEIN RN

Dynamic response of base-isolated structures

2.3.1 BRREARRREREIEI NI

Dynamic Response of SDOF base-isolated systems
FRRGHEN IS HRE

dynamic model of seismically isolated structures
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hniR B & B 54 Acceleration response
zh$75% Equations of motion

MX, +CX, + Kx, =CX, + KX,
X +2Cm X + @ °X = 20w, X, +a)nzxg

KREMERNIMBERN K, AIKAEBRERGIE. KEH
FRAINERE R 32 #R R 9H(w); R M E RIS IE ST R 7
w; HEMENERE Xy = e
NFRREMIE MEERE X =H(@e”
the acceleration response of the structure X, can be
analyzed by transform function. If the transmission function
of the acceleration response of the structure is H(w), the
characteristic site frequency be w, and the seismic ground

acceleration be %,=¢". Thus the ground acceleration
response of the seismic-isolation structures is %, = H(w)e'

(2-1)



IiEE R M4 #r Acceleration response
zhH75FE Equations of motion

oy R OR AR (-1, SEmEY, TE2RESY
1 R BN R R4S R i ﬂb

Substitute X'gand X, Into equation (2-1),the transmission
function of acceleration of seismic-isolation structures can be
solved.

X 1+ (2wl ,)? ]
H{w)= X, _\/[1—(a)/a)n)2]2 +(2lw! w,)* (2-2)




X [1-(w/®,) ] +(2{w/ w,)

g
MIEEX: MEFRREHNMEMNEERNSHEBENRE
tb{E. MERBREZAFXT HE IR E R RRIR -
The transmission function is the ratio of acceleration response of
the seismic-isolated structures to the ground acceleration. It
reflects the damping effect of the ground acceleration by the
seismic-isolation.

RE Rk MRREER,

attenuation ratio of acceleration response

X, :\/ 1+ (2wl w,)’ (2-3)

I [1- (0! 0 )T + (2wl w,)?

R, 2T ENTHIRREWRREIRNEZERAT.

a
9




ey alizN = v

HIFN(2-3) FRfRESMEREERITEA:
From the formulas (2-3), the damping ratio of seismic-isolation
structures can be obtained:

4 (2-4)

_ 1 1- Raz[l_(a)/a)n)z]2
2w/ w,) RZ -1



BRI KRR Displacement response
zh$175%8 Equations of motion

MD, + CD, + KD, = —MX

9

o (2-5)
D, +2{w D, + »,°D, = —X

9

KREMERNIMBERN K, AIKAEBRERGIE. KEH
AERRAITE R N HRAE AG(w); MR EIAFHENR Sw;
WEREE % 5"
NPfEEEMMEMNBERE X =G(w)e™
the acceleration response of the structure X, can be
analyzed by transform function. If the transmission function
of the dynamic response of the structure is G(w), the
characteristic site frequency be w, and the seismic ground

acceleration be %,=¢". Thus the ground acceleration
response of the seismic-isolation structures is X, =G(w)e'”



Similarly the transmission function of displacement and the
amplifying coefficient are obtained

D, 1 1
Glo)= R \/[1—(w/wn)2]2+(2ga)/wn)2 (2-6)
D,|= % 1 (2-7)
o' - (ol @) + (2! @,)?

Eqg.(2-7) is used to calculate the absolute maximum of
displacement of isolation layer

The value | D, | is dependant of the acceleration of ground
motion, characteristic site frequency, the frequency ratio
w/w, and damping of isolated layer. Generally the | Dy |
can be reduced by increasing the damping of isolated layer.



Defined R, as the magnification factor of displacement
response of isolation structure.

. D, _1 1
7D, " w2 - (0] 0,)°F + (2wl ,)’ (2-8)

Q)

Ry: RIEMBRFEMBMAMNAVIEIFR. g5t (w) 5
frREENNERSFE KRw,) BEN, AIRIZEARERERE
HIFEELL ¢ SRR DR R R ERIKF AL
R, Is the index of the displacement magnification of isolators,
If the site is given, the stiffness of isolated layer Is

determined, the damping of isolator can be adjusted to
reduce the horizontal deformation.



2.3.2 Dynamic response of MDOF isolation structure
Dynamic model of MDOF isolation structure

h )
"

|
el
; l




Equation of motion for MDOF structure under earthquake

[m]{% }+[Cl{*}+[K]{x}==(X, +%,)[m] ~ (2-9)

If the frequency eigenvalue matrix of structure is [w]=diag{w,? ,w,?%, w3?,...,
w,’}; the shape eigenvector matrix is [® ], then the Generalized
coordinates is introduced {g}, which is a function of time, therefore the
displacement response can be expressed as:

{x}=[PKa} (2-10)
Substituting the eq.(2-10) into eq.(2-9), and multiplying the [® ]Ton both
sides of the equation

[@] [m][@]{d}+[®] [C][@]{g}+[@] [K][@]{a}=—(x,+%)[@] {m}

Because of the Modal orthogonality, the above equation can be simplified as:

[1{d}+[C Ja} +[e]{a} =—(%, + %) [@] {m]



Dynamic model of MDOF Horizontal and swing system

% RAFENERERR N IR E




2.3.3 analysis and control on isolation effect of base
Isolation structure

control parameters

(1) attenuation ratio of acceleration response

X 1+ (2wl w,)*
N[ (0! ®,)T + (20! »,)’

a
Xg

(2)Damping ratio

¢ =

1 1-R[1- (0! @,)*]
2wl w,) RZ -1

(3) magnification factor of displacement

R _ D, B ®° 1
" D, @ \L-(0/®)T+ (@0l o,)



Aim i SRREIMREHIVIER 7 A5
The theoretical boundary between seismic-isolation structures
and the conventional seismic structures

Given R =5 1 R «f
g -
the frequency ratio w/w = /2

That is, any damping ratio of structure

can’t isolate seismic action when the il
w/w,= J? which is the theoretical

boundary value of the isolation

structure and conventional seismic %0

&
'I -"} . a)

BEGH —e—— BE4H @,

structure, which is marked as A in
right graph.
LR nEE RN SMmE LA KR



Hilfs =& mrlRE MR o 17 Effect of base isolation structures
for the laminate rubber bearing isolation structure , Iif its
damping ratio(=0.1 ~0.3 , and frequency ratio w/w,=2.5~4.5,

then:

R, =25 =0.06~0.33
X
9
for the conventional seismic structure: X, / X > 2

for the base-isolation structure:
"S(g) X0y < <(0.06~0.33)/2<0.03~0.165=1/33~1/6

HEEHWER, RBEEWHMERNNAESIESHHER
M EY1/33-1/6, B E T FF R ESNE £92.5-5F ,

Which shows that the earthquake response of seismic-isolation
structures is only 1/33 to 1/6 of that of a conventional seismic

structure which means the seismic intensity is mitigated by 2.5
to 5 intensity.




EhlfRRaG NI E SHE e L S X

Reasonable control of stiffness and damping ratio of base isolation

1) [RELEHRINREE R NEHEER MEE w/ w ERIEATEE, B

PRR LMK ENIEKE )N, w 8, RRIREEE.
The attenuation ratio of seismic-isolation structures, R, reduces
with the increasing of w/w,. Namely, the lower horizontal

stiffness K is, the lower w_and the more obvious the isolation
effect Is.

2) PRREEWRINERE kR NRBER SRR %E e ELrIig K m

Ry

1BwX, HfRREMWEELLIRK, MERBRRMAF,
The attenuation ratio R, increases with the damping ratio C.
Namely, if { is too large, the effect of isolation is hampered.

D, _a)z\/ 1 X _\/ 1+ (2¢w! w,)°

D, w; \[L-(0/@,)T +(26w!o,)’ Ra‘_g [1- (/@) + (24wl @,)’



EitfRRE SN E SR e LR & TR

Reasonable control of stiffness and damping ratio base of base isolation
3) FREEMWHINIRE R M AAKEER FEEEEEL ¢ FIE XM, BliZEPREsats

HIFRELE ¢, BeBMRIRLCIREAZR LRSS EMBEREXLFE, BB

D> EE%EE’WJ("EWJQ&{EO

3) The displacement magnification factor( DMF) R, decreases with
Increasing damping ratio ¢ . That is, by increasing the damping ratio, the
relative displacement of the superstructure and the base can be
effectively reduced and the horizontal shear strain of seismic-isolation
devices be restricted.

4) Z iR, SEEEREESLNNERER, EEEEREERENKER
YINIEKFBEELL , BXPRREWFITEIEREIEFIIRE,

4) In summary, the reasonable selecting stiffness and damping for seismic-
Isolation structures, that is , correctly choosing the horizontal stiffness K
and damping ratio ¢ is the key to vibration control of seismic-isolation

D, @) \[L-(w/@,)T +(24w!@,)’ Ra:X'

g

structures
R _ D _o 1 X 1+ (2wl @)’
" - (0! ®,)’T +(2lw! »,)?

g



5) RERIRERIKFEIINIEKFIE e LRI R ER R S IESE BT -

Reasonable scope of horizontal stiffness K and damping (of laminated
rubber bearing

w/w, =2 ~4.5
(=0.10~0.30
6) MNRELHIRELEHHMEE R MITRELR, A :
If given the general scope of the attenuation ratio:
R =25 =0.08~0.22
X
., 9 .,
[RREMIERR X (g) SEGRBERIERRRN X ZHH:

the ratio of acceleration response of isolation structure and
conventional structure is:

X ooy | X

s(9)

X, =0.04~0.11=1/25~1/9



H: Al PR IR 1A 2 X b 1 52 (o) R BB 52 B 534

dynamic response of base isolation system under
vertical ground motion

F /31
o y g
2L T &
2 e e
s o
; &
3

Dynamic model:



2.4 fRESMIEIRIT
Design of seismic isolation structures

2. 4.1 fREL&EWEYIT 2K (Design requirements)

RS ER1EE Selection of seismic isolation scheme
(1) FRRER, ZHMEABRNT1. 0stIZEREER. N5 RaTIE
REEF,
Multistory masonry or reinforced concrete frame Buildings with

fundamental period of the structure less than 1 second when they are
not isolated.

(2) FBIEXRN, BImERITATRHEESREIENEE;
for the structures with relevant regularity, the base-shear method can
be used.

(3) BifpE R | 11y 2, MIZBREMBRFIEMEE,
The building shall be assigned to Site-class I, I, or Ill; and the stable
foundation types should also be selected




(4) RfarfaE b IEitZ(ER K ERai A BRI 5142 E Ia710%;
The total horizontal force caused by wind and other non-seismic action shall
not exceed 10% of the total structural gravity

(5) FRREBENEHVZNZEFAEE ). MENEMER; FERRENEE
BoE. Aok, MRAFZMERSEMEBHHERLENERENEBIIEKFE
1F%.

The seismic-isolated layer shall provide necessary load bearing capacity,
lateral stiffness and damping; the pipelines and circuits of equipments
crossing the seismic-isolation story should adopt flexible connection and
other effective measures to withstand the horizontal displacement during
rare earthquakes

PRI A RAKRA, MRBEFRMEREEA. ®BEIE. HitFEHEF.
Lfﬁéi#jﬁmfni_ 1%%%* ’ﬁ?ltﬁﬁ:f)'l. 1&1"’5’]757& 'fT:BlZ7k\ .—:l:/ﬁ_'—.rﬂ_'
MR EtLE S thiEHE.

The design of seismic-isolated building structures should be determined
after the technical and economic feasibility comparison analysis, which
should be given consideration to fortification category, the fortification
Intensity, the conditions of sites, building structural plans and the use
requirements.



o[SEEHIZE setup of seismic-isolation story
BEENHERNTALUTER: the setup of seismic-isolation story
should meet following requirements
(1) lREEATHREEXE. HeXREMMMNEESR, HERXREFMNMN
REFSREXEEA—K, TFABRMRE. »ENARERMEE.

The seismic isolation layer can consist of isolators, damping device
and wind resistant device. Damping device and wind resistant can be
used together with Isolation bearings, or be set separately. Displacement
limitation device can also be set if necessary.

(2) lIREENIEHRLES LREHNREFRILES.
The center of stiffness of the isolation layer should coincide with the
center of mass of the superstructure
(3) PRREX BN FEMERS LT T BRAE RV [ 52 it H T
E L E X .
The layout of isolation bearings should correspond with that of
the vertical bearing components of the superstructure and substructure



(4) El—REEERZHAEHREREERN, MEIERTLZESD
b = S BB A S F7K ST BE
When using different types of isolation bearings in a
building, the bearing capacity and capacity of lateral
deformation should be utilized
(5) [El— &A1k Z N IRE L ER, PRR X EEZ BlHY/S e N X
TRERIEFAFEZNTEEK
When multiple bearings are used on the same support,
the spacing between the isolation bearing should be
larger enough to install them.
(6) BEAEREERNMAREENR, SeEttmEEETNIRE
138} B 1A M .
The wind resistant devices on the isolation layer
should be layout symmetrically and dispersedly around

the building



2.4.2 BRAMNRBREIT—AHRITE
Design of seismic isolation structures—Step-by-step
method

i E K FE =) E ZH 3 Determine horizontal seismic-reducing factor

1

EERLEEMNEIT superstructure design

l

fRERE1&1t seismic-isolation story design

l

T ERLEII% T substructure design

1

E A%t base design

= ==L

A= I ITRIE AR IR processing of seismic isolation design



®Requirements of calculation analysis of seismic isolation
structures

(1) FREARNITEE B AIRASIBESHER,; 3 EHEMER0S
frRENEFROCAESH M ITAAETZENS. REEIEBIIRREEH,
X EMAR R A T SR N AE A E LIRS — IR 2 H I T E R

The calculation model of the seismic-isolation building

structures may adopt the shear type model. When the gravity
center of the structure above the isolation story and the
rigidity center of the isolation story are not in a line, he
Influence of torsion deformation shall be taken into
consideration. For the reinforced concrete seismic-isolated
structures, the beam-slab structures above the isolation
Interface shall be deemed as a part of the structure above
the isolation story for calculation and design.



(2) —MRIFAT, EXAFNESINAHITHE; MAMRENRNMIE
FFEMBE, NFFE (EAE) WAE; TESRERHEHTHE;
ST A REE10kmAAET, FWAMBRARIT RIAZRME, STH.
CERERN, HHEERSNRIATIIEIAFMARE: SkmARER1. 5, Skm
LASNERA. 25,

In generally, the calculation should adopt the time-
history analyzing method; the response spectrum
characteristics and amount of the input seismic wave
shall comply with the provisions in the Seismic Code ; the
calculation result should choose the average value. When
building assigned to category A and B is located within
10km of the causative fault and the input seismic-wave is
not the near-field accelerogram, the calculation results
shall be multiplied by the following near-field affected
factors: within 5km, multiplied byl1.5; beyond 5km,

multiplied by 1.25.



(3) WMALEF R AR ERS E SRS/ ATz K AR
EEUHE. XKEERERBE I RRERARNERSE
Hifg X EANHE -

Masonry structures and structures similar to its
fundamental period may carry out simplified calculation
provided according to the base shear method.

The horizontal seismic-reducing factor and the
fundamental period can be determined according to the
relevant calculation fomular.



7J<5I2|‘1/Uz Z# Horizontal seismic-reduced factor

ZEGRRREXER EERENFEBUKEERNIIGE, X EtRERR? ﬁz%
MR, jijir“ frRETIREE uJ:Q*JFTk%it;afirim =154, 3l
A KFEERRERE . ATREENZERESRNRLE, Eﬁzéuﬁﬁﬂr‘
RIEF8E BKF IR EZRE 90. 2587, PRE )=' A E SR g TR (A TR
ERBTE; HRFHIUE ASE B/KFE B ERSBUNTO0. 5K, BT mEM
=IERNHE

Laminated rubber bearings only have the function of isolating or dissipating
horizontal earthquake effect and they are weak to isolate vertical
earthquake effect. In order to reflect the reduction of the horizontal seismic
response of the structures above the seismic-isolated story, the horizontal
seismic-reduced factor is introduced. he calculation of the vertical seismic
action for structures above the seismic-isolation story shall be carried out
for Intensity 9 or for Intensity 8'with the horizontal seismic-reduced factor
0.25. And the calculation for vertical seismic action should be carried out
for Intensity 8 with the seismic-reduced factor not greater than 0.5.



e K¥EmEEZRI horizontal seismic-reduced factor

=1 B hm KL ESKFERBE RSN FR
Table 1 Corresponding relation of the maximum ratio of story

shear force and the horizontal seismic-reduced factor

E 85 Atk {E

Max. ratio of story shear | 0.53 0.35 0.26 0.18
force

KRR R R
Horizontal seismic- 0.75 0.50 0.38 0.25
reduced factor




o= EMII% T Design of seismic-isolation story

OPfR = ERIEZEZE K Installment requirements of seismic-isolation story
fRREEREAGWE—FIUTHRY, EGRREREXENIZEET N
RKHWAE, EEAEEX, EHE. HEMOHNRES @A S W6
NIEFEEHNERBITITEHE. REREEFEBMETNRFRE, 1H
%f%?ﬂ'l@’éﬂ’ﬂ&“ﬁéo REESRIEEEEMEEAT, FTELIMH
The seismic-isolation story should be installed at locations

under the first story of the structure. The rubber isolator
units shall be placed at locations where the interior forces
are greater, the spacing should not be too large; the size,
amount and distribution shall be determined according to
the requirements of the vertical bearing capacity, the lateral
stiffness and the damping. The seismic-isolation story shall
be stabilized under rare earthquake, and should not have
non-restorable deformations. The rubber isolator units
should not have tensile stress under the rare earthquakes.



o[E = ZERYi% 1T Design of seismic-isolation story
OIKEaNNIE A F kL wE e LRIt &

The horizontal dynamic stiffness and equivalent viscous damping
ratio can be calculated according to the following equations:

Kh:ZKJ é/eq:ZKjé/j/Kh

O3Bz PR = Z 097K K B 0P 2 EL A 35 # E
The determination by testing of the horizontal stiffness and

damping ratio of the laminated rubber bearing

88 7= S e FH I A TSRO, e RS CGIRYED) PR R N
JIBRME . X ZiEt RIS, BRI INEU=E )90, 3HZ HLRR E S FE BT 1)
AR T J950% ) 7K ~F- W1 B2 A0 S Ok s L2 L

When the design parameters of the isolator units are determined by
testing, the vertical load shall keep the limit values of average
compressive stress of provision in the seismic code. For checking of
frequent earthquakes, the horizontal stiffness and equivalent viscous
damping ratio shall be determined by test where horizontal loading
frequency is 0.31Hz and the shear deformation of the unit is 50 % .



OZRRPRRE 2 AY7K NI E F1FE FE bk B9 S ffE
The determination by testing of the horizontal stiffness and
damping ratio of the laminated rubber bearing

MEBMEIRE, HE/NT600mmBIREE X BEERXHKEMEINZE R
0. 1HZ B PR7E X FE BT 41 T2 A /N F250%B1 B4 7K S I E Fn S ks B /et ;
BHZAN T 600mmBY bR = 32 BE AT K A 7K a8 0. 2HZ H PR 7= 2 RE 5T 1]
1 J9100%A 897K S NI FaSFiahim PR FE b

For checking of rare earthquake and the isolator units with a
diameter smaller than 600mm, the horizontal stiffness and
equivalent viscous damping ratio should be determined by test
where horizontal loading frequency is 0. 1Hz and the shear
deformation of the unit is 250% .For checking of rare earthquake
and the isolator units with a diameter not smaller than 600mm
the horizontal stiffness and equivalent viscous damping ratio may
be determined by test where horizontal loading frequency is
0.2Hz and the shear deformation of the unit is 100 %



Ot RbRRE S BEE 5 [ N SIBREFIRL N NRLE
Limit values of the average compressive for rubber isolator unit and
the regulations on the tensile stress

15 AR 32 BRI [ B2 77 B) E H AR R AR PR 7R S FE1E Jo it = B IE S (% FH RV E 2 454F,
b REEEZNGREE BRI EANEMEFHOEYERINEZER. ERR
Tk AREYENEREERS —. ERATHMATREHER AR EE
WE R R HHER R AR TROME, EE8REERT, FEHIRFA.
The compressive stress of the Rubber bearings is the important indicator to
ensure that the rubber bearings works properly without earthquake. And it is
also an indicator to directly influence the various mechanical properties of
rubber bearings under earthquake effect. It is one of the key factors to choose
and design the rubber. Under the combination of permanent loads and variable
loads, The design values of average vertical compressive stress should not
exceed the limitations in the table. And tensile stress should not occur in rare
earthquake
BRI bR R X S E N IBRE

Limit values of the average compressive for rubber isolator unit

E AR FR2E 3 5 R RESEST
S E RN J1 IMPa 10 12 15




OFRE= X FERY7K 55 77

Horizontal shear force of the isolator unit

bR X EER KB TN IR ERRR EEF B = EA THIK S
NizEREXERIKENIE S, SZEHER, RNMNITAREX
BE R HEZNIE
frREEFBME THKEE HTEXAMNESATE.

The shear force of the isolator unit shall be determined
according to the horizontal stiffness of all isolator units from which
IS the horizontal shear force of the seismic-isolation story under
the rare earthquake. When calculation considered torsion, the
torsion stiffness of the isolator unit shall be taken into
consideration.

The calculation of the shear force of the seismic-isolated story
In rare earthquake should adopt the time-history analyzing method



Ol X EEFBEME/EH THKEBZER
The horizontal displacement of the isolator unit under rare earthquake
us[u] U=,
u—=FBHET, FiPhREXEEEARETIKFELLFE(Horizontal
displacement of i-th isolator unit when taking into account of the torsion under
the rare earthquakes).

Ul —FBINPRE X FEERIKFABIRE, MERREEE, FEBITIZXER
FRERHO0.55EF M R EEEI.OFZEB/NE; (Limit value of
horizontal displacement of i-th isolator unit; in the case of rubber isolator unit,
its displacement shall not exceed 0.55 times of the effective diameter of the
unit or 3 times of the total thickness of all rubber layers, whichever is smaller.)

u—EFEME TREERERUL S AE EHEERIKFALFE;(Horizontal
displacement in the center of the seismic-isolation story under rare
earthquakes or when torsion is not taken into consideration.)

B—PRE E 4L =20 Z2 % (Torsion factor of i-th seismic-isolator unit)



o FEfGEMRImEITE
Seismic calculation of the superstructure

O Calculating the total horizontal seismic action by base-
shear method

O calculating the seismic action of the superstructure: equal
to the product of total horizontal seismic action and horizontal
seismic-reduced factor provided by tab. 1

O distribution of the horizontal seismic action of
superstructure may adopt rectangular

OThe calculation of the vertical seismic action is the same as
non-seismic-isolated structure



oZFEE LT 449318 Calculation of the structures under the
seismic-isolation story
REBUTEL (B1FTE) WihEERAMMERE, NMNX
RAEBMETIRE X ERIBINEZERE N KEDMAEHITIHE.
The seismic action and check for structures under the
seismic-isolation story shall adopt the vertical force, horizontal
force and moment of force at the bottom of the isolator units

under rare earthquake.



2.4.5 [RRELAINMWISTENE

Detalls of seismic-isolated structures

o _EREMRIFIIEZESR details for superstructure

:I:I:‘(1) frREU LSRN ESRREEEFEBME TAEXTZEN T
o it :

For structural systems above the seismic-isolation story, the
following details, which will not disturb significant displacement
of the seismic-isolation story under rare earthquake, shall be
taken:

OLEBBEMHEBRIZRE =4, BRAENTEREIEAZBE
THERABERN. 265,

The seismic joints shall be installed along the perimeter of
the structure above the seismic-isolation story, the width of the
joint should not be less than 1.2 times of the maximum
horizontal displacement of each seismic-isolator unit under the
rare earthquake;



o _ERLEMIMIHIEEK details for superstructure

QL3peEw (BFESHMEENEWE) St (BEMTESEME
ERH) B, BERERBIKERRESE; SiREKEREERERMER,
Rii& B A HIK BB EE.

Between the structure (including connected members)
above the seismic-isolation story and the ground surface
(including foundation and structures below the isolation
Interface), the clear horizontal separations shall be installed;
when it is difficult to install horizontal separations, a reliable
horizontal slipped cushion shall be installed;

QTEERS. #Hh, BERFINL, NMIERESY.

In location such as the corridors, the staircase, and the

elevators etc., shall be no any obstruction for movement.



o _FERLEEMIMHIEEK details for superstructure

(2) AREFAERERULNSERER: SKFERRER
M0, 5B AN PR RAEPREATII A X EXK ; KEEBEEREL
AT0.508F, AIESHFFRIFRREFNENR, BES5HinmEit
=IERAXNIMEREER A MER.

For the buildings assigned to Category C, the seismic-
measures of structures above the seismic-isolation story shall
not reduce the requirements in non-isolated provision of this
code when the horizontal seismic-reduced factor is 0.75. And
the requirements in non-isolated provisions may be properly
loosened when this factor is not greater than 0.5, but
corresponding vertical seismic detail requirements shall not
be loosened.



ofRE ETNARRR xRV IE K
Details of isolation layer on top of the beam-slab system

AT RIERREEREBESNIELE, RRERNEN I EFENIE B RHIHE
WiAEZ. AFRIERREETERRRANIE A DR T—RIEEONIE AR, Fig
AZRAFEANE, MARSENRTMECH, LIEAMKE, EMENTFE
KIRFMERFZ BFRVINAR R L FERNEKX; LG ERFNGERLEME, H
HWEBMFEXTIEXEMNAXEXK.

fBE X EMHERMRET HRESE SR, METSZ WY, Eitk, REENY]
MEERAE, 1N AR iR iE T 20 & MR NE .

In order to ensure the overall coordination of the isolation layer, a beam-
slab system with sufficient stiffness should be set on the top of the seismic-isolation
story. To ensure the stiffness and bearing capacity of the beam and the slab on the
top of the seismic-isolation story are greater than those of an ordinary floor, the in-
plane stiffness of the slab and beam must be increase and so do the reinforcement
and cross-sectional dimensions of the beams.

The beams and columns near the isolation bearings are under complex
stress, which even includes punching in earthquake. Thus, with punching and local
compression taken into consideration, we should should increase the stirrups and
set steel meshs.



o[F = EAVHIEZE K Details for seismic-isolation story
‘EEENAEREXE. MESMAEMBENS NEEiREVINIE RSB
‘ApK, PHIERSFI SRR X BERA—IF, JFAIEMIET. L2, HiRERR
MEERE.

The seismic-isolation story consists of isolation bearings,
dampers and components with the primary stiffness to resist
the pulsation of the ground and the wind load. The dampers
and bearing can be designed together or separately, and, if

necessary wind lock devices should be set
(L) ZEMEEEMNRERAUTH TEINEE, RREXEAEBRN
BEAEMKE L, ANEEMENEERAE;

When the seismic-isolation story of multi-story masonry
building locates at the top of the basement, the isolator-unit
should not be placed on the masonry wall directly, and the
local compressive capacity of the masonry wall shall be

checked too.



QB%E,EE’JW a3k Details of seismic-isolation story

(2) FRREXEEFEERR N RREFE T 4R A RRIERERL.
The isolator units and the damper shall be installed in
locations where the maintenance personnel can access easily

(3) [REXRES LER4AH . EfnsA BaNERM, NMeEfE
8 37 e B RIK 5T 77

The connected elements of the isolator unit with the

floor of the top of the seisimc-isolation story and with the
foundation shall be able to transfer the maximum horizontal
shear force of the isolator unit under rare earthquake.




ofEi= EHIfAIE 2K
Detalls of seismic-isolation story
(4) INENTFIEG N BRI ERIBEEian. TR A av5HE ENE N 51
W EER, WENAREEKEN X T20EEERmER, B/
T250mm. PmiE S EEEIREMRT, XEERFRAIH L, fFEmEAN AT 5mm,
EEHAUEMNRESKNT3m. BANXEEREHFRE AKX T1/300.
Exposed embedded parts shall have reliable anti-rust
treatment. The anchoring reinforcements of the embedded
parts shall be connected to the steel plate firmly, the
developed length of the anchoring reinforcement should be
greater than 20 times of diameter of the anchoring bar or
250mm, whichever is greater.
(5) PmEiE TR EMEEANAEART2.0m,
The spacing of the isolator units under the wall shall not
be greater than 2.0m




