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Chapter 3 Seismic Energy-Dissipated Structure

3.1 HEERRZEMHIL

Overview of Seismic Energy-Dissipated Structure

3.2 HEERELGERIE

Principles of Seismic Energy-Dissipated Structure

3.3 A%“EWJZ éﬂ:*’j'ﬁ(?llﬁ'ﬁ/f

Design of Seismic Energy-Dissipated Structure



3.1 ZEHiHRE R R BLIL
Overview of Seismic energy-dissipated structure
3.1.1 LEHYHAERUR I A B
Basic concept of energy dissipation
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{24454 Conventional structure
E =E +E +Ex (3.1.1)
THBER EL5# energy-dissipated structure
E, =Exr+E +E+E, (3.1.2)



E, : HERNNEEE;
Input energy of earthquake
Er: GHMERNES, BIEEIEEFITEEE.
seismic response energy of structure including kinetic
and potential energy

Ep: Z514FHBIBFERVRE= -
Energy dissipated by structural damping
Eg: Sttt eiIF St TR IBFEEEE
Energy dissipated by inelastic deformation of structural
or non-structural elements

E,: FEERBEIHENES
Energy dissipated by supplemental energy-dissipating
device



Ep &P EFERER /N (5%) [ ZFE Ex B/NEIE, BIttER
&b, EgwARK, BILAGERWAIR AR . MRS
7= e E R FERE R EIHE

Generally Energy dissipated by structural damping (Ep) IS
limited about 5 percent. To reduce Eg to zero, Eq must be
large, that is, reducing the structural dynamic response
have to pay the price of structural damage or destroy.
While in energy-dissipated structures, earthquake energy
was consumed by the energy-dissipating devices.




energy-dissipated structure

Besides the isolation structure, another approach to
Improved earthquake response performance and
damage control is that of supplemental damping
systems, which is called energy-dissipated structure
system. In these systems, mechanical devices are
Incorporated in the frame of the structure and dissipate
energy throughout the height of the structure. The
means by which energy is dissipated is either yielding of
mild steel, sliding friction, motion of a piston within a
viscous fluid, orificing of fluid, or viscoelastic action in
polymeric materials.



3.1.2 ZEHEEE R = RO M R R
The advantages and application of energy —
dissipated structures
advantages

(1) =&Y R RN /)N40-60%

Safety: earthguake response reduced by 40% to 60%
(2) &5« TAENS5-10%

economy: cost saved by 5% to 10%
(3) #FAREIEM technical rationality
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3.1.2 ZAHiHEE R = R R N A SER
The advantages and application of energy-dissipation
structures
application
(1) SEEH, BSEERN;
High-rise building, super high-rise building
(2) EXREH, SHER
High and flexible structure, High-rise tower
(3) XMEE, B (E9%1FE) ;
Flexible pipelines and wires (lifeline project)
(5) IBESXREFNREHWINME (BIX) HENEERS.

the improvement of seismic and wind-resisting ability of
existed high and flexible buildings




3.1.3 LEHAHRERR AR KIS
Types and configuration of energy-Dissipated system
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HREMA A EIFIER
Different types of energy-dissipating components
(1) jBgEx## energy-dissipating bracing
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Wit SRR B e X 1E

yielding steel bracing system
XMZERZ, BEEEHE—REREATHEKNMENE, gRE
—ARAZ N ENE NG, XEBRSHERIHEERE DK E R 5 A
HEEN, EZAREFMBIEAT, TR, TR, RFEFRENATFE
MiHBERE N, Efadi—#Birblthz& LB ERIESREMIEm, 53
XATiNZ#EfEEL, FRELEIER5ELL L.
This type of bracing can replace ordinary cross-bracing or
shear walls, has the required lateral stiffness under normal
service. It also has high energy-dissipating and anti-
fatigue destroy capacity; stability capacity, not fracturing
and sustain a stable bearing capacity under multiple times
of cyclic loads. Its load - displacement hysteretic loop is
very stable and plump, whose damping ratio is 5 times as
large as that of the cross-bar steel bracing
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An important characteristic of the element is that the
compression brace disconnects from the rectangular steel
frame so that buckling is prevented and pinched hysteretic
behavior does not occur. Energy is dissipated by inelastic
deformation of the rectangular steel frame in the diagonal
direction of the tension brace.

500 mm
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(2) jHBEST H11% energy-dissipating shear walll
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(3)
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(4) iHBEBKZS energy-dissipating connection
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(5) HEEXEELdEmH

energy-dissipating
supports and
suspended members




iHEER BN EIEREE R
Various energy-dissipating ways of devices

HEEfEPIREHERE., S3WHF (BWR) ZEHENAUR
AR, HEERESERAWER, MNMLEHEREIER
AT IRBRERREMR, ZXiBERREREEANERE, HS
W (BTWR) EMERTRZEMABE, ENIIEXR.
Energy-dissipating devices are mounted in energy-dissipating
members. When the member (or node) produce relative
displaces or rotates, the energy-dissipating devices produces
large damping, which plays a role of energy dissipation. In
order to achieve the best effect of energy dissipation, the
energy-dissipating devices are required to provide maximum
damping, that is, when the members (or nodes) displaced
under force, the power is done to the most extent.




(1) EEfEiHEE: WMEEIBREXIE, BEELR
B energy dissipated
- by friction :
N, . friction bracing,
friction node
AM) (A
ul(d) //7 // w(if)
IR LiRif:
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Scfi: PallEEtZEfHERE
Example: Pall friction damping device

PallEZ#ZEfH e R E F ENREMRHZME B EETE

FREMX 5 & FiHRE R RIEA R . BEEIINX /MBI
WT’*‘EE’JWT’&?@?H%%ﬁ%;@L? T . HERHAA
EER R TE

Pall friction damping devices mainly rely on sliding friction
of material contact surface to produce damping in order to
dissipate energy and reduce earthquake action. The
magnitude of the friction was implemented and adjusted
by the friction coefficient of the friction surface and the
clamping force. Its early frictional damping mechanism is
showed in the following figure.




TENSION

FRICTION
JOINT

=> FORCE
~= DISPLACEMENT

Figure 1 Friction Damper of Pall (1982).



Figure Illustrates the design of this device. When seismic
load Is applied, the compression brace buckles while the
tension brace induces slippage at the friction joint. This, In
turn, activates the four links which force the compression
brace to slip. In this manner, energy Is dissipated in both
braces while they are designed to be effective in tension
only.

Experimental studies confirmed that these friction devices
could enhance the seismic performance of structures. The
devices provided a substantial increase in energy

dissipation capacity and reduced drifts in comparison to
moment resisting frames.



(2) WA (R R B FERMEIHRERE

Inelastic energy-dissipating steel devices (metallic damper)

Various devices whose behavior is based on the yielding properties of
mild steel, for example the Steel components (beams, plates and bars)
shown in the following figures

() WiEw (o) WM GE4] 1]
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Annular steel plate energy-dissipating devices

Annular steel plate energy-dissipating devices are made by mild steel
which has obvious energy-dissipating effect after yielding. The steel
plates are made by cold-forming mild steel into annular shape and fit
into the deformed parts of the structure. When the annular plates
produce small displacements, they works elastically, providing
sufficient stiffness. When the annular plates produce large lateral
displacements, part of the material enters plasticity and dissipates
earthquake energy. And the plates was straightened, restraining
structural horizontal displacement as “soft-lock”, which is meaningful
to energy-dissipating structures. Moreover annular steel plates also
can playing a role of elastic deformation, energy dissipating and soft
locking when they produce lateral and vertical displacement,
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XFZENIRERESE B X-shape steel plate energy dissipating device
(ADAS)

Made from mild steel, X-shape steel plate has a cross section
which is narrow in the middle and broad in the two ends like
an “X”. When the plate produces flexural displacement, the
stresses in the steel plate distribute evenly over the height
and yield over the entire length of the device, that is, global
yield state, utilizing its energy dissipating capacity.

In the global yield state, the strain of the outer layer
should be larger than that of the inner layer on every cross
section. The center of every section should maintain some
elasticity, namely, "elastic core", which provide the plate with
a certain "reset" capability.



The device consists of multiple X-steel plates of
the shape and installed as illustrated in the figure.

r . y
I 4=Plate ADAS
| Homent

6=Flgta ADAS
Blamant

ADAS Element and Installation Detail (from Whittaker 1989).



(3) PRI TR M : A0 SRR B

Energy dissipated by plastic deformation of the material

(4) #MRlahse 4 iHgESR B viscoelastic damper
Energy dissipating device made by viscoelastic material
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55 4 BH e 2= B S2 45
Example of viscoelastic damping device

Viscoelastic damping device mainly consists of
structural members and the viscoelastic material used to
bond the members. When the structural members produce
relative displacement, the viscoelastic material is subjected
to shear stress and produces shear deformation, providing a
certain level of shear elastic stiffness and viscous damping.
On the one hand, buildings with viscoelastic damping
devices has the elastic stiffness that is required for normal
service and resetting of the structure, on the other hand, it
also has sufficient damping to dissipate earthquake energy
and reduce structural earthguake response



(5) i&IkPEE;HRE: FLUID VISCOUS DAMPERS
energy dissipated by liquid: liquid damping pump
(6) JREI: JLMBRERNEEGNF
Hybrid: the hybrid of different energy dissipating
method
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Mechanism of energy-dissipated structure
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3.2 ZEHiHRERRLIE
Mechanism of energy-dissipated structure
The essence of energy-dissipated structure is to

Install energy-dissipating components (or devices) in
the structure, which can provide the structure with large

damping, dissipating input energy under earthquake
and reducing structural earthquake response.
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3.2.1 G5 R E

HrEiH BE =

Energy dissipation in free vibration of structure

mMX+CxX+ Kx=0
X+20w X+@.°%x=0

X =ge “" (Acos w,t + Bsin w,t)
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JHEMLA(phase)
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3.2.2;HRE R R LA IR R BV E 18 1k B

Forced vibration of Energy-dissipating structure
mX +CX+ Kx = F, sin ot

el

y : F .
X+2lw %+ o =—Lsin ot (=0
m

2wl o,
1- (0! w,)’
X=(F,/K)-M  sin(wt — )
1

(0l o) T + (2ol o)

@ = arctan

MAZERENNDIERBRKRZT. RSiReNR MxFT5%77
[ R (Fo/K)SRAZEFATN TIER A R BM. MERRELSFF
ARSI MR EE. RM>1, NEEHsRiBIRaA “BeK”
M. M<1, NMZEFREHRENN “TR” M, EoHFEN
M=1,




M is the amplification factor of
structural dynamic action. The
dynamic response of the mass
equals the product of static
response(F,/K) and M. M is the
crucial function that determines the
dynamic response of the structure.

If M>1, the structural response is
magnified.

If M<1, the structural response is
reduced.

M=1 is the boundary point.
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{=1.0




3.2.2 Gk R mIBIRENIHEE R R
M: SR NIERBMAR R
(L) & (w/ w,) <1L58VEEMA, HEMWEREREGHE ), MM

(EFi% 4@’]#)&::117’7 TR WM. BEWERERELCGH X,
o I\/IE?@/J RN A “‘?:/ ORI, PRI, TELEHRAR

Eﬂiﬁﬁ;“ﬁﬁﬂ’@# (BHRERE) , IR AHEE, BRI

R EE R HR TN R R -

In the range of (w/w,,) £1.5, the smaller is the damping ( of

the structure, the larger is the value of M, and the structural

vibration is magnified. If the large is the damping C of the

structure, the smaller the value of M, then the structural

vibration is attenuated. Therefore, Installation of the energy

dissipating components (or devices) in the structure

provides large damping which can effectively attenuate

vibration response of structure.




3.2.2 ik R mIBIRENIHEE R R
M: EHENHERBARE

(2) BEMERHEREE0.78, & (w/ w,) WAEHIESE

E?’Q*ﬂ&li"’%ﬂ“u,ﬁ eftt (BB)

fEE

BN, “HRENDIERMARRE” Mkm/)hTl. XEKRE,

L[ etk 1L Z
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When the damping ratio ¢ of the structure is no less than
0.7, in the all possible range of (w/ w,), the structural
dynamic amplification factor M is always lesser than 1. It
means that if energy-dissipating components (devices) are
disposed in the structural system, making the damping
ratio reaches a certain level, then the structure can retain
an attenuated vibrating response under the impact of any

external load (earthquake, wind, etc.)



3.3 ZEHiHRERRM AR

Design of structural energy dissipating system

3.3.1 HEER RSN ITTEXK

Design requirements of energy dissipating structure

FEBEMIMERYIZE The disposition of energy dissipating
members

RIFEFEME NG BIERIERK, wEE S
2R
Install energy dissipating devices properly according to the

requirement of predicted displacement of structure under the
rare earthquake

FEREEME RSN EMA R HIRE, BEREEREETE
EANMNE, BEMSHHESTHHRE.

Energy dissipating components should be set along the two
main axis and where the interstory drift is large. Its number
and disposition are determined after comprehensive analysis.



FEREM RV M REZEOK
The performance requirement of energy dissipating
devices
HA 20 H) R WSCRFE E b < B B 1Y B 77 A& 4 1 FHE
Sufficient energy absorbing and dissipating
capacity and proper damping
BHA 2% BI85 NI
considerable initial stiffness
HA D R B A7
Good durability
fiEfai e, EiE L, H4HE
Simple configuration. easy construction and
maintenance



3.3.2 HMEEREEWImMEITHE
Seismic Design of energy dissipated structures
HEHHEERERR =M ITTITERE:
Three practical design methods:
EIR&it% (cyclic design method)
29 473% (time-history analysis)
REE L (energy analysis method)



BEMEITE Cyclic Design
RIBIZITBREITERAZRENZITHTE, FEHEZEHE

ettt (BUHEERE) WiXTtAmE, RS IRITEK

MM AEE, #r “BRgIHE” .
Design and calculate for multiple times according to
the design objective, and adjust the design and
layout of energy dissipating components ( devices)
until they satisfy the design requirement. This design
method is called cyclic design




ERBZE Assumptions

(1) REBHEWH (iHERE) WEN, EIER &M E DT

Structures with energy dissipating components (or devices) work

elasticialy in the earthquake.

(2) Heetat (SiEEERE) MNIE(K)FPERELE (¢ @il iHEEN
 (FiHERE) WERIKINE .
The stiffness k, and damping ratio of energy dissipating components
(or devices) ¢, must be decided through their full-scale test.

(3) HRERREWNEEINIE (KNFTEHEHEEEMERNE (k) 5%
frm EEixERHEMG (BUBRRE) EHNEENVBIRETHNIE
(k) #0,

The total story stiffness (k) of energy dissipated structure shall be the
total sum of structural stiffness (k) and the effective stiffness (k) of
energy dissipating components (or devices) that actually installed at
the story under the corresponding story drift.



EAREBZE Assumptions

(4) HEEREEWWFEYEELL () FTiHgEaH (SHEERE)
RN EEFIRETHIMEELE(), ¢ =C,-
the equivalent damping ratio of energy dissipated structures (()
IS the damping ratio of energy-dissipating components under the
corresponding story drift (¢,), that is { ,=C;

o 7 = -
=y }{ § : s 1 ?
/ ; : T -22?‘
& 2 -
i 4{.3_;'}' K" = — i %
=i
N
pal |
-— -—
IREn IRy

Hil-l-l SEENARAREREE



Wit % Design procedures
(1) fAESIIRE BFR
Determine the seismic mitigation objective of the structure
(2) EMEEE#IT
Design the main structure
(3) ZEHs s th
Structural elastic dynamic analysis
(4) WELSMIFTFRIBEEEL[]]
Determine the required damping ratio of the structure [(]
(5) EEFERMEHEMY (BiERERE
Selection and layout of energy-d|SS|pat|ng components.
(6) ITHEIBEERRESEMARNEN NS
Calculate the dynamic parameter of the energy-dissipated
structures

(7) HRERREGF RS 1

the elastic analysis of energy-dissipated structure
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Rz 3G Bl A0 3E{T Applications and assessments
Cyclic designh method can be used In
(L FUSEER. SRR, REELSH. KREETRFBRIE
AL AL
Any high-rise building, high-flexible building, large span
structure, large span bridge or other energy dissipated
structures.

(2) EREIZIE SRR EA
Any level of Seismic intensity or any inputted seismic wave
(3) HMRBIFHREMY CHBESE, IHEEH NG, HERETRSH)
5 HRERE
Any kinds of energy dissipating components including

supports, shear walls, connection joint nodes and energy-
dissipating devices




X1z F3 AR (assessments):
(1) MHAEBBRR ARSI thigr, D
AT, BT HERTE
It can adopt the mature elastic structural dynamic
analysis program, the design is reliable

(2) ALEERSHERE

It can achieve high accuracy

(3) FZXMEHT, It TELEERER, EHfEK
multiple times of cyclic design are required , the design
work is arduous and time-consuming.




BT32 53 #T7A& Time history analysis

KAIESIEN S EEFIHER RS WA RIAIT AT,
RARRBNIEFEEERTER R E, FEEHEAT (SUHEER
8) LTARNIERESmMEL.

In the time history analysis of high-rise building structure
with energy dissipating system, stiffness and damping of
the structure is a function of time, which changes with the
working states of the energy dissipating components (or
devices).

HAER R G RN NPT HIER:

The dynamic equation of energy dissipated system

[M X+ [CRXG+ KOG =AM 13X, (1)




iNE AL A
H BEVRR S A 1R SR B sorh R N 0e, AR A R (e smdth = 5 Ak
TS, FrEL, R RBHES MR i e (BlTH
REREE) HVIRZVE TARIREST A/ . IXFE, AR 2R BRI R
[KIEFE A My (EARSE) AIFEZR &R 7> (W e 1 Bl
B, RAHE R [ClANS ARG B L JE R, 2% &R
ZNEER T CHAEMFEEED .
The design principle of energy dissipated structure is that
the main structure works in elastic stage under strong
earthquake. So, the non-linearity of the structure is induced
by the non-linear state of energy dissipating components (or
devices) . The stiffness matrix [K] of the system includes
linear part (main structure) and non-linear part (energy
dissipating components or devices). With non-linear part
(energy dissipating members or devices) taken into

consideration, the effects of damping of the main structure in the
calculation of the damping matrix is neglected.



At &L E&75% Energy balancing method

REEEETLEHIEREN, EETEHAFE
Based on energy balance, the energy balancing equation is
Ei=EptEx+EptE,
N E,—HEMANSRERIEGER;
Input Energy by earthguake
E— iR RIREIEBE;
Vibration potential energy of the structural system
E—& 1k RIRTNBVEIRE ;
Vibration kinetic energy of the structural system
Ep—& Mtk RS HE EIBFEREEE ;
energy dissipated by the damping of the structural
system

E,—HEEMH (BHBERE) HFREHEEE.
Energy dissipated by energy dissipating members



L B2

5= &% Energy balancing method

NTHEER RSN R, ATHRERGHAREFNRSE,
HiHgetafF CGHRERE) WA EWBHHEERES], Rl#hium
ET‘@EX

For energy dissipating systems, in order to ensure the
safety of the main structure under earthquake, the energy
dissipating components (or devices) must have sufficient
energy dissipating capacity, which means following
requirements must be meet with
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