2016/9/30

| SRR — S NATRE-2 |

RS NEEM R GBI RIER
(Earthquake Resilient Structures)

& TR

RIGFREIATEGRERXERERE

FERE

DB SH# L R
O AR E MR GRS

o0 EfR LR E I EEM B AN TRINR
(1): $BIRLEH
(2): BHENSEH
(3): AT E A/ AR -S54

o BRIk E s R AR iR

MRIIHE R AR

oREHFE. BA. EMRBATERT
e, REQITSHMBGETE, BXNTE
IARL2500F 1) “KR” , MEETHHES
AR, ﬁﬁ?k%&lﬁﬁ%ﬁ. '
MERNIZEAET{TH.

oDEXFEEERN. £EHEIE, MREIH
WA EREEL, AERETHRRERE
=18 8 K8 R ™= E & I KR A= B8 A
AMEEFER.

EEEN, £ HKTEMNEZHTN
Ml eS8t E%E.

02009 4E1 H#ENEES/E-Defense £RAMBITRE—
MESERRITH<SN E, RAEEERRHE
“HIRETheedn B ™" (Earthquake Resilient
City) At B TS EMNKAE.

0 XEXFFiRTIERR L PEER)EERMR
ARB&EL, SEARNRRITERRN AR
Wit#AE g%, HEBLFEH. Xt
T A IES (PBEE)IRIL MK B

O ERtRIERRARFHREE, Fit—#HA %

SRES, EEMEMERERRERERTE

EEAR. XEEATNEBELRPRIPA

NMESVTERE, ENERBEERTHANRR

MEIEEETE. 3

Ak B INEEIN B LA

(Earthquake Resilient Structures)

A E e RS

O Ak B IhREH R 454 (Earthquake Resilient
structures) MR (RFHFRAR) T HEEHERD
SERRS THHIFES RS HERTsEMNEH
. GRS TRIENSER, 2EDRINES.

O \NEHFER _EB SFSCE Gk
. B REE (Rocklr*g wall) BRFRIBHESR (Rocking
frame) ZHE DEEMIEER, EEFHTFEERAT
&S ENAHAER;

- BEBENE (Self- centerln structure) BENRE
EIJEWE(JIET%"& S, BOGEHEENRETR;

. ﬁL‘IE?ﬁé’;‘.’#ﬂ#’]ﬁ: (Replaceable member), BEH

RIRE GHIRITNEE; :ﬁﬁl_ﬁi_fﬁ?ﬁ:ﬁii ﬁE%B
1fl= Energy d|55|pat|on device), RIFE

WREXFFEEHAER.

RGP RE S A R E T RE
R BRR ERX 5]

O 45BEIB R, BAIBEY |0 AMREDaEBESANTR
g%j%f%@%@'ﬁ%% WEF ARSI “Hb R AR
/2 SE” | MEKERRER
ERMNAEAFIES, 8 | pupor. spes s
MR ERMRREI | o b v e

KRETA" . ExEE | s ARESRREGR

R EEREEEDeE | BROREERNERE
REHRLS., KEREY | R BUAEMEH, T
GHMTEBRERATRTE | UEIRRENESF, &
g. HER2,




2016/9/30

A REINREM R 1

] At

BB BEMAN g 0707

1. EBEGAHEIRK (1)

ORI RS ERL AR,
FEEMEMELNERZE
REMEZHRgES, ML
HMEMBERTLEREE
(rocking), IBid4EHIEIRFE
M REaaEE, MRAEE
£5#3(rocking structures) .

BREMREE

0 HRTERR LB #T T ATRUB BRI IIERSH . W5
BREITIERGH. ERWIEEMUR AR
BRMEIL ST, EXRIENAERY . HE
PR FF 363X 75 E B R SR

1. EREWARINR-=2am

SERESEIEL, Tﬁhboﬁm with Industry Partners \
ARl b
TR A i B L AL

BEJ), FISRTEFERE
PR GLEBIEARTE

4 7 LKL e
Y DA |
x| e j

2EMIEICIELE,
BUALIR, FIAMIRAL
YA FERE, TR
HIBRGEErRES

1. BIRGEHHRIMR-TRER

O 20095 WadaFfEX R R LI A S 2 AKX Gk mE &,
RATHEIBESWEESKEMBEEAR. TELTRHA, 8
BiEREREMEE, SHETRRIGA THRL bR
[SEEE: g =E51:0) 3

: .r-,m St

I E
20114E3H9HE

2. BENGHHATIR (1)

O WRBMAREMERRIEATE AL E—ENTH
T (bending), #Bit—EBRIE IS & X #2I2 (rocking),
BT AL 3 (post-tensioning) ELE IR R R IE /R,
XRERYEERIFR 9 B B L4 H (self-centering structure).

BRI SR EE

2. BEMNEHHFTINK (2)

RS B B AR E BRI

O SR A7 TR T 2 4t S4B (rocking) B Y,
ZHEXFHIZTERXAWEZ TR (bending); BENELE
TTEMRIER T % A & TR, (bending), B —
PRIE /G 4 HE 8 (rocking) «

0 BEUEHIN RN TR R RN
D EREREERT, BEAHESN S8 H
BEER, DEREHBZT HEREY HABEE.

-

WELHA-ABRRATEE BEMEMA-MBRRTRE




2016/9/30

2. BENEGHIHRIRG)

0 REC T2007EMEF R AR B RFETIZHRA B S5 /1%
MM BRI SR AMEIME TR, 20074

["ZT';;‘I

it RUELL

il I ok
2 Tt TR R B R DL
48 Headed Reinforcement

a8l http://www.hrc-usa.com/

B E A8y Judin E AL E

2. BENEGHIHRIR @)

MR W David Brower Center#ig T#2, 20094

-..- orr

aﬁmﬂﬁﬁvml
' lliﬁTm'_ i1 24 o
GHER RGN RRRE
(I ERBI R B KR %ﬁ%ﬂmﬁﬁﬁﬂiﬁ@

2. BENGHIHATIR (5)

HnsN B4 LT 132 SF Public Utilities Commission S Ei#i@ T, 20124

Tk TR A 5 R AR AL R R
L% 35£41000

3. Al A/ P 54l
B (1)

“AIEIR” X MBS AR AREY MG
ESENNARREEN, BRTLIATIIE
SRR I RARNE RN, BRIELIR
TRGUEHNAZERD .

E RS R T Eitafr T EZ MG E R
ML EMRAREERLD, mEEEEPHER
&, MRIIENTFEERSTE.

ZRHBEAR: BERF—HERET-

3. A ik /Bt sty
AEIK (2)

OEAHLZ24), KEIXRERR
NENEHFIIEE L-B R =
BERKNEAER, BHET
—PRRRRRESHEA
B, REEERGHF
5 WIEAT 2z 18] F —Fh ] B
R8BS IR .
FEHENERRE—EN 2
B, PEMERFHRYE, X o0
EHANEY, RIEETFE S
FEXERRIFEME. 2 e
REEMITF20135E9 8% T, F8g

3. AT E i/ SRR IR (3)
O20064F, EEEBHFAFMFortneyFIFEFEHBE
KEHShahroozig ] T —FRI ER T “fRiEL”
RSN, R BB ER AN RITEE
hEER R L, #ﬂﬂ&%ﬁﬁTuEﬁ

_ wall pier (Hreplaceab]e fuse

-

(IEEAT]

|
1

— —.1 1] -




2016/9/30

4. B FTRE ThasnEAE ot RR (1)
IR 5 E R A B AT ST

IR P fE B8 i

0

to6 8 10 1z 14 (m)

REGS, ROGBL: ROGBENS, MERSRRAMBEN.

HESR-1EIRIE, 1ESR-BR I astaREREtbiR

LN
ML
Zht i) e i

IREUA B AR
Sk FERE

%ﬁgi

fit /1

Energy(kNm)

ESR-IEIRES -

o HERMA LT R A
SRR I RE R E I PR

° ggﬁ #k. FBAFER

RS0 5 B HURA 2 SR A 4R BT F1 B 2

B

I o A 1t R T T
2300mm

LIpak: N
#2000mm, %1000mm,
J£125mm

HER-IRIRIR SIS 53 BRI
FERERITRMNSE
HER-B1iEEA1E
FERERIIRARLSE
V. ,
RS B
. 1400
I M4, 15250 v JE BT KP4 TN 3 355 5 B TR I WA TR
m%% 2 Y (FEITAS Imm GEESTOZD mmo HE Ji/MPa
L i = i soo_ SWO0 VNGE RTS8 2 —
k x%m PHil Foo\ [HEHEHE oo Wi Bl 0 - =
g ] § ] B whon g Swi-l 180 420 2 450
EenaEEaN, T i swi2 %0 220 2| 40
CE g SR Sw2-1 180 220 2 450
& ' = e ] r ] SW2-2 180 420 & 220 4 450
SW3-1 180 420 2 150
1800 SW3-2 180 420 2 750




2016/9/30

EERR R ) RUAR SIS (2

JA=2mm (6=1/1150)

sSwo SW1-1 SW1-3

A=40mm (6=1/58)

sSwo SW1-1 SW1-3

TR ML
P M A T3 /3

BB A5 R — i 5] 1 £ AR

: Wi
Embedded

REELAEL: Concrete

Damaged Plasticity
o N X«
e Mander #J 34

N 2]
- JEHBE A
I Hard contact
: —Cobhesive
w. behavior

Kttt R AT 4 SR 30 AT L
\

R g | S e o R T AR RS TE R P T B o 7 AU

L A\\ = BFFARIL, ARSI BRI RRA AR, N

N’ : B4 TR, [0 R & R
R = MR, (RIS ERR D Hh AR FI R

11000 1/115 |1/58 11000 {1/115 (1/58

F/kN
F/kN

A o 7 i, WAss IR o ESAIEY I B B AR IR B4R T AR K
" . WA RATTY, #8Y75%HA RPN G A
N s 53 71, EARRRBRK

FIkN
F/kN
.

\ JEHFFKPLETIRL /1 B B ALY /155 54 Qg AT L
=l = i, , HFEREREIH THEARE, HIAEHEFLLE TER
1000 115 juss |- b 1000 b1 [1es |- gl AEREREE R =, HARRRAE /IR /N TS S

0 20 A 60
A/mm A/ mm




2016/9/30

4. EIN AR S ThREf RS ST R (2)
TESH R

4. NPT EIRERRESHIRR SRR (3)
4.1 ATEHER TS S5 ()
e

2
) R SRR SRR R
R 7 M 5 T L e
BERUESE, Sl TSR = =
R E T ERE R, B |- > =]
Wi R iF 7
: TERR

COMPUTATIONAL ANALYSIS OF RC WALLS WITH REPLA AB COUPL

700

600
—

P —
= 500
2
¥ 400
2
3 300
4
@

T Comersional shear val
00 j c 0 = \‘
3 20 40 60 80 00 120
“Top drift(mm)

TEERBRTITH, ABE

ﬁﬁﬁﬁ%ﬂ%mﬁﬂgyﬁgﬁ R, BB

e wk

B ERERNEHETETERE, WBEASBETEH |

4.1 AEHERNESSERBFHR (b)
1
—
2
‘é;z" | L gagstst fmﬂwﬁ;n%sa
g HHET =
. , MAE#
| | o EREHF B
LA PR RS
=0 2. IKFEsh# 3
3. TR Ay HikE
A, A HGE R
[ [T 1
REmMSHRBREE %
s IS

CYCLIC TESTS OF RC WALLS WITH REPLACEABLE CO Y

Test Specimen BSjJ&izb{d

| SARBUSL AT S5 N B I 2 |

(@Y Fr% |

| 37 R AT S e B S

o v
Test Results EEiHIELER
= 2

Horizontal load of 220
kN, plastic hinge
generated at the end

of coupling beams,
which was ductile
failure, having large
energy dissipation
capacity.

At top displacement
of 80 mm, coupling
beams occurred
serious damage with
concrete spalling,
which was difficult to
repair after
earthquakes.

[RBHS: HEERERTFE, NHER BAEUBE. |
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[y ) L D00 [ Design Procedures TEBER LI

&4 Design Methodologies of Replaceable Coupling Beams
Test Results Egﬁcgﬂ'ni At top displacement of
. 1 mm and 2mm, BEAGER R
. some minor cracks i)
occurred at the 3
concrete of non-yield HRASER SRRV SEERIHIN,
* | segment, but the N
B s SR HHFERATE L RGER
evelop in follwing
load step. 4 I
AR Y, “REER" WAL,
- R gy A SRR WERITHIN VL
| | At top displacement of ! 1
60 mm, “fuse” web
occurred serious |l AR B 5 R B Bkt
dam_age, which was | iV
(Ererable atel RSB R
earthquakes.

Replaceable Coupling Beam Design Flow Chart

[RBBg: FRERTHETETESE BEEHEE. | R R TR
A SE BRI DL - R ORI ield-secti
A2 B8 1 (2014, 3 FE L) Test of yield-section of replaceable coupling beam

A 29-story residential building located in Xian Province in China was
designed by Tongji Architectural Design (Group) Co., Ltd. in China. The L‘“"’_tr“*:;!ﬁfl::f;““"

structural system is frame-shear wall with the RC core in the center as . }.,-314_,;..;“,. {replaceable)
the lateral loading resistance system. The DBE is 0.2g, and MCE is

0.4g. Totally five buildings were designed to use replaceable coupling
beams. Each building has 90 replaceable coupling beams.(5x18)

non-yield section

Each specimen was loaded by 30 circles of cyclic displacement in the
amplitude of 20 times design yield displacement.
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4.4 TE?&W"‘B’F‘Eﬁ:E‘J%ﬁg‘:”ﬁ BRI RS (a)
TestSpecnnen ﬁi##%ﬂf?

The concrete applied in the two specimens
were both C25.

The cubic compressive strength of the
concrete (f., ) was 28.5MPa, and the elastic
modulus of the concrete was 2.318 x10*MPa.
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o . Test Results
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an Crack pattern
£ g comparison

E im under the same
L; 3; : - Zi)fplacement

Nowi I

T T — &ﬁm?\'i

4 ’ A “Fuse” yield and dissipate
Deformation comparison of the five walls energy in advance, repair
easily.
i i Average
Specimen e puiekd feat limate, D:'l:r':‘“:‘:nn Ductility ductility Deformation
= = tear e o ratio ratio capacity
R
East a4 9.2 365 43.0 74 a7 A 0.0134
sw-0 #9 + 1
West 40 82 333 225 75 52 [, V| jo0a3, %
East 76 13.4 64.3 723 Va4 54 I 56" 10.0226 !
NSw12 1 5.
West 80 141 80.7 80.7 1140 57 | \| ] 00252 Keep
East 5 E 532 705 1146 s P 1| 100220 T intact
NSW1-1 7.2 4 +
West 52 107 732 827 139 AT 1 N ‘0,0259 1 » e o .
o o Ba D
East 78 190 623 738 1144 3o |! 1| o023 o it e N RO
NSW1-3 147, L il APy Lo I
West 7.9 15.4 80.0 86.7 31 56 \ ! 0.6271 TR 3 i 5
.
East 33 85 a7 a7 67 SERd|e 00149 “h o o
NSW2-2 6.2
West 3.0 72 438 505 163 7.0 NJ 0.0158

Install replaceable foot
R 7358 T A ) )L R EY 750 24 e b b

e gl
L : FH

. M YR
DeSIQ n Procedures E‘Eﬁéﬂﬁﬂ‘ﬁ% Design Method for Shear Wall with Replaceable Foot Parts
Design Methodologies of Replaceable Coupling Beams E‘E&W%Bmﬁ:ggﬁﬁ% Bt AE (1)
HIFEGERR T
!
o 1) WY S HL G LR KR e
THIAAREERAh RHER, kR, | | Shear wall W[FE#ST BRI R~ ; Design the
V ] dimension of replaceable bearing
HERETER A A SOE R R <
v v Boundary elements 2) {RIZBIIENSELIRIGHRIAAER
tlmm “EiEEms WhRiERY. p ERETEIRTENRALEE
E 1 a ey E “BEEER" #ERHNIS L2 Calculate the tensile strength of the
¥ b replaceable bearing.
ESm: 2 i PR LB BB The re.placeable
y v bR 3) AR AR A PR
W EHER GG RIERES T PR S P SE ST R R SR BB
T - BR~F;  calculate the dimension
Replaceable Coupling Beam Design Flow Chart of the rubber part in the bearing.
ISk ou2 ok e wiin i
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Design Method for Shear Wall with Replaceable Foot Part
TS SRR BY AR I BT (2)

4) ERARTT IR Al E RS R AT
PFIPLERE; Check the
compression-tension the strength of
the replaceable bearing.

| | | Shear wall

Boundary elements

p 5) BEENERBEHENRE.
MEBRINGLGERE;  Strength
calculation of whole bottom section of
the shear wall.

The replaceable

bined rubb = i 1
combined (uBber g i e Ry iR ARRE S BB AOIA A
g fyr N
i&HEHE;  Increase the horizontally
distributed rebars in the shear wall left
to compensate the shear strength loss.

NUMERICAL ANALYSIS
WA A B BRI G — TR

ke

The 11th storey
to 30th storey of
coupling beams
were replaced,
| accounting for
H . | 28% of the total
coupling beams
HBELULES30E
HIZERE

Benchmark Model ABAQUS FEM
Model

NUMERICAL ANALYSIS
Modal analysis on the structure with replaceable coupling beams

PRGBS AT 2 SRRt

Vibration Period(s) Difference
Model | cBM | NBM | (%)
1 4968 | 5.179 4.25
2 4711 4.833 2.59
3 3.902 | 4.213 7.97
4 1.470 1.505 2.38
5 1.372 | 1.402 2.19
6 1.326 1.356 2.26
7 0.793 | 0.822 3.66
8 0.718 0.746 3.90
9 0.649 | 0.677 431
10 0.525 | 0.541 3.05

NUMERICAL ANALYSIS  PGA=400 gal

Earthquake time-history analysis on the structure with replaceable

coupling beams T EHERL M IIEL B RN ST, SEAE.
) e

Story

‘ %
P

0.000 0.002 0.004 0.006
KRR B
| Xdirection average inter-story drift angle

/—'-
) 4

Earthquake response spectrum and §
standard design response spectrum /,'
’ N :H“ﬂﬂ =
2 S MR 5% A S 7 T AT ¥ 1 S

Y direction average inter-story drift angle

NUMERICAL ANALYSIS
W E BRI RN ZRARGIRY (FHUME, WESD

1"

|
|
I
I
CBM structure, 1-5 ! NBM structure, 1-5
story, the wall I story, the wall
compression damage | compression damage
1
1
|
I
|
|
1

Comparison of
compression damage
between replaceable
coupling beams and
conventional coupling
beams

Ny 14

CBM structure, 1-5 NBM structure, 1-5
story, the wall story, the wall
tension damage tension damage

EEGB AR, S
R ERRLEYIRIR D o

NUMERICAL ANALYSIS
] B B 7 5 B A o B G A — TR S S AT

The three kinds of
stiffness models of the
replaceable bearings
for different stories.
AT S e 3T HESR I 3R
FRBKE SRR

Replace all the foot parts in
external walls of 1 to 20

floors to composite bearing ’ £
M BURB202 MBI " e
géﬁﬂﬂ%ﬁ%ﬂiﬂﬁ&ﬁﬂi —

Eistsasees

10
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NUMERICAL ANALYSIS ${E 43 #7458

Comparison of concrete stress in wall foot parts  (fa=32.4MPa)

| Compressive Stress in Concrete wall at foot parts at
maximum drift for 1~2floor :

Tensile Stress in Concrete wall at foot parts at
maximum drift for 1~21loor :

NUMERICAL ANALYSIS {9748

Comparison of rebar stress in wall foot parts (f,=335mpa)

Maximun Stress in Rebar at foot parts at
maximum drift for 172floor :

208Mpa 180~230Mpa

» The drift ratio of the new structure with replaceable bearings is
less or barely no difference comparing with the one of the
conventional structure. 2 E5r#% f B IRINREE A

» The replaceable bearings could protect the concrete at the foot

parts in shear walls. 7] 58 i {4 B AT R 3P 4 54

&) .
200~300Mpa

BBa R 5

- -

LEDEST

RBELRF: P 1.5mx3.0m
Ef: 15m REWmEER: 48t

Input ground motion (% A\ H1Z3h)

-

Peak acesleration (5)
Peak acceleration (g)

R EEEE )
Time )

El Centro NS record

Time 5)

Wenchuan record

Input Record El Centro NS record

Maximum PGA 0.6g 0.8g
Direction Only X Only X

Tests Result (1) —& K JE R

Maximum inter-story drift ratio

Story
stary

00 oor  om om0 oss 00 oo ome
Mainum nter-story i i M intersory i rato

El Centro NS record Wenchuan record

It reached 1/15 for the first floor and 1/26 for the
second during the El Centro 0.60g test.

Tests Result(2) —# fii#6 F+F1 Z2 um ik

maximum uplift for column maximum opening for beam

Pk acaeatin )

Tty
Uplift time history curve

11



SHAKING TABLE TESTS OF A SELF-CENTERING RC

Tests Result (3) — TN /7 555 BB KAl B /Nhr 77

The PT bars were under
linear elastic state through

= the test, providing the self-
: - centering capability of the
c = I I structure after the
% earthquake.
u TR A A B AR R
W e e e o oo PORKEEAME, (EAEMIARGE
Peskcsbraon ) FFREF I E AR

Maximum and minumum stress in PT bars

g ‘\
, SHAKING TABLE TESTS OF A SELF-CENTERING RC
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2>
B R ARSI & RIWAT P 45k

> Uplift of columns and openings of beam ends were first observed at
the column-base joints and beam-column joints respectively when the El
Centro 0.20g test was applied. (H#IAEI Centro “0/30.295“", il
WRAERHHRFFRERKI) -

> Large inter-story drift ratios, 1/15 for the first story and 1/26 for the
second were observed when 0.60g El Centro NS wave was input.

»No cracks or visual signs of damage were observed except minor
crackings on the beams.

»>The frame displays strong self-centering capability, leaving no residual
lateral displacement after the test.

> SERRHA 0.6 g,  ZiHIIIE RIALE fA IS ] 1/1580
126, AREREKSE, FHBEEAT LB, HESR
A E RO, RRERARKLE.

T.R11(El Centro 0.4 g %I\) G mi st L
o H AR K DAY AL L ey

x z
% @
e
= = A TR AT A B R N
: EETHDLI S b ia T EHEE —a At e
e » ﬂﬁﬁunhn A ALn adds
&* z 2 4
rl " o
- A
[ I3 :a
- o L' H) & e L -3 [
= =, s B RS S B R e R e
is i Jm, PO~ 0 N T R
& I é o
: g £
us 2
;i 1 5 Li. i 5 % * a ] Al 1 0 o
L1 13
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