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Abstract

After the 1994 Northridge earthquake, new ductile beam-to-column connections have
been used in many buildings. The connections have been proofed to develop plastic hinges to
under the cyclic loading of many physical tests. Although the development of plastic hinges
could dissipate more energy from earthquake and lead to a ductile behavior of the building,
the repair or deconstruction of the damaged building will become an issue after the
earthquake. According to this, self-centering connections are developed recently.

In this study, a new self-centering connection has been proposed using the shape
memory alloy (SMA). The disc springs are connected with the SMA rod to develop a SMA
bolt. The elastic elongation of the bolt will be enlarged and to be able to be applied in real
scale structure. A unsymmetrical friction damper is proposed and its performance has been
confirmed by tests. By deciding pretension of the high tension bolts in the damper, the friction
force under the loading and unloading directions can be decided. The combination of the
SMA bolts and the unsymmetrical damper in the beam-to-column connection has been proved
to be able to perform stable self-centering behavior.

Keywords: shape memory alloy ~ unsymmetrical friction system ~ disc spring ~ self-centering


mailto:ylchung@mail.ncku.edu.tw

PEREEt=ERBIEMISEE BB IEMAS
The Thirteenth National Conference on Structural Engineering/

The Third National Conference on Earthquake Engineering

Taoyuan, Taiwan, 24-26 August, 2016

I
\‘g"!‘_’

B RSB VR 2 A AR TS IR S i R 1A
B PR YRR LA mwzs%g 2%“ f#%“fiw R 94 & 2R
PR R E I S A SRR B %yﬂg Bz oM, T g4 8rh o Bt §

S SHERFr T PR A B8 L R R S R ([L] ) detre o S R s
¢ (Reduce Section Beam, RBS) % - ¥ & ¥ 8 #-+ ’?#?li A A L A =
xiflj 1]&1\:]% fo e RAES N BRI R RG TRBRE Y o BT A ’sﬁ’

T Ep RO RS IR E D R ERYF T im’r;aiﬂ Role P
@f?ﬂ&% FAARGRY G AT 4ﬁi#WEm~*%*ﬁﬁﬁﬁﬁ
S G f s enaiz 1 1% - Christopoulos[2], Ricles[3], Tsai[4] & + 354 % 3¢ 4 4pd)
FReoghe P GBS OHERE > T If S 2 SR ER L ROY R4 0 B A Y
B B A B S AR ENEFL R RN RS o d T R
LA phe R4 > IR T RS A 0 AT R BRI A & RN
At o

A5 4k e 18 & £ (Shape Memory Alloy, SMA) & it ch g B4 » 3017+ &b s 1 42
@w,ﬁﬁw?—zﬁ%%@ﬁawkﬁ%%%&wéiw%“’Rﬁﬂ%ﬂ%ﬂ
w2 A5k ‘“f%vfiﬁ‘%*ﬂ@; IR e ﬁji" ’“#B%f BRT Y #E LT

“

\»

\T

/
EER 57’ Y s 2 SR AR RA W20 L AR B
FviE 6% AR F R PR AT S VLN LR AR ok o - B
UYL LA B N E A i mif‘%l“f_%ﬁ'l#&*‘ e [5] > Ocel *

[ﬂ%ﬂﬁ%ﬂ%ru@**ﬁﬁnwﬁWwﬁ%w%%WMhmﬁr; FH H ARk e it
e e 2 AeRR2LFHBEFFRI R A% - Seicher[7] > f1* £ & 400mm 25 2o
e ERAEM R L F AR 2 La sk oFang ¥ 4 #A) ks il s 2t
#HF 3% (end-plate) 122 #5F o F ST EREF RS LM hE R AL L Fadk s e
u#ﬁﬁﬁww%m ARy R el A P EA TR Y DR FRES
200~300mm > p h A B ER LR AR R A BERY A ¥Ta e RhE At RS KT
v i%zfﬁ%@}ifﬁ s }_a« o zﬁ r+%5fE(Mp)m6 NS

T £

“a + oo hEP IR EHR DAY EL
o BHES R BH B R AR A E R R4 o

AP TR - AT R g PIRSRE R Y Mk R gl Y o I
RIS £ 2 AT E R h A E TR SR K B E R R F R g R
FE O R BHPONE RS EH T “f TR B N PR R B A m?‘ﬂc P B4
Rier 2 T TRARE - P AP FRTRRFRELENFLZ L
2O H R G Ti IVen2bRLRER IR Lk e iy R L9 SR Bt g R
THE RS RR IR M -



PEREEt=ERBIEMISEE BB IEMAS
The Thirteenth National Conference on Structural Engineering/

The Third National Conference on Earthquake Engineering

Taoyuan, Taiwan, 24-26 August, 2016

S SR AREREEZ TR
21 R e 4 657

B RFAIF ARG £20F MR RS Y B RBRE £ F L
R e el e 00 A R DR e ETIRF AR LR R dopt 7
¥R e £ BRI Soor BB KA B4 B F LA ke R 2107
AT R B TS L RABEERAEUERF VR AR ERE EBRMPLER
Foo Aot BT R MR H X T Y R L SRR -

SMA bolt M
K K.
—1 + - MT? i b
SMA bolt
Elastic material + ] [ 3
F : 3 11 6
d3 "D

I
T
d2 SMA bolt response Beam web friction Connection behavior

@ (b)
BL  akieln s 4002 24 £H31:@) 2R e £ 0487 5 () B2 BFe E

22 T kel & & HE

ApfceRE EFAEEMEE L EREFHARE LG AR ER S T FRER
PERUE AP e At F[B] FlHeRE EHPFREF IR RFIRFLF R
LT R 4 BB
221 HEBRRHE 4

RN GHEE AR E R B Y G20 515 558% i E L& 30mm
£ B 5200mm . A :43 7 £ & 5 30mm s P o RS E S 20mm e 0 £ A 5 120mm
TR E A RE T R e P RRIPEF A GEFL PR B o B R

Skt ) 13E-4%z2 ¢ Bt (7R Rin W RSk o @ B i s 3Rk P14 5 0.25HZ ~ 0.5HZ »
1.0Hz ~ 15Hz = 87 I A4F 38 (7 4e % o Se U8 3 40 1%2 B % > 2 BB R
FiE 60T iRk 3B o d ¥ MTS sk 2 i ') ’*‘&rﬁ*i? Faieps s Wi #
DR KAFHE PP EIRBPE S BIAF LI P D RAR

222HERHRE

FRAvP 2 4 R S5 4oR] 2977 0 AP > LR F BRI

v BB Blo RN FREAREES 50 e *é\fvm@f?ﬁ%%*’%”ﬁr#ﬁ&#ﬁ
L s #3202 1% B3 5 0.25HZ AE S ds fsbe 4 2 4 u i O PR
ﬂ;‘gf;:écit—r BB F I Blend o A B HCR ) 0 A2 m@@fg;@%,‘m, B4 L FEi



PEREEt=ERBIEMISEE BB IEMAS
The Thirteenth National Conference on Structural Engineering/

The Third National Conference on Earthquake Engineering

Taoyuan, Taiwan, 24-26 August, 2016

-a,tF,_* 1.5Hz 4¢ ;\-'TB’\Q‘\} m-ﬁ;@% ;\.f« 3%:1‘1){%5\3:11:‘} mmﬁb s ﬁ_é;{ $ oy ;\.—r ,

R AR BB Z A RIRT R HFEFLFLR L FRIRT Lo
&F, , I’,F’]ll.b %Iﬁm 1 .,ghéti\. j‘ﬁ-*ﬁq/;’)— U'Té&r’ #mﬁjghéfik‘f’fé o

Static loading Dynamic loading (0.25Hz)
Stress(MPa) Stress(MPa)
600 600
500 500
400 400
300 300
200 200
100 100
ol 0 ‘
7 6 7
Strain(%) Strain(%)
B2 % fw%cg\)@f‘ - R B B3 0.25H24c§“),i"g;4 SRR
500
400
7
g 300
a
2200
]

=y

=

[=]
T

[=]
o

Strain [%)

m4 %%frv§£4t§\ 3%}@%1‘}]’%}

BAFHAE R

BEefe 25 BRIREMEZ B4 A RERgEY o0 BEE LT UEFRS
SR~ BRI R JER vk o B N BERIEA T A1 R AER RS SRR s
7 8 BRI B S B Joa o d T EERS L R f e A HAE s B AR
PRV R R R R MR i o B e B B ENRERE ETRIEDP R
rrdk s AT TR Z RN B L HAFE L 4oR 5@) T 0 & BED v B A
grRERA A e Ao ‘:W?"F%@L#%—"‘ Plw 4R 2 dedof (e Bded > dopt Bied 41 ¥
TOHE A dRER e R FEB*,{_;}‘F?«E%’\ F'E MO AR etk odo@) S(b) A RfE R B AT
d ¢ i 2 A RIEALOPR E R dhE e BB F o h RIS E] o P 2T
2 GbJE e w thE G X 2 B Rt AR e o P s 2 A 2 YRR M R at
Qwﬁa,%&3éwﬁ&Uﬁ%4ﬁ?@’gmﬂﬁéﬂﬁJ%’d%pﬂﬁﬁgﬁ
B3l 22 B v apFpe? SHEFF L300 RE 2 s » 24 @ p
L de o § = RIH2E P 2 Rt BRI PS> KR RFERPFEY FERR



PEREEt=ERBIEMISEE BB IEMAS
The Thirteenth National Conference on Structural Engineering/

The Third National Conference on Earthquake Engineering

Taoyuan, Taiwan, 24-26 August, 2016

S B R RE L S e B ) R AT AR @ SRR o
SRR T RN T

Fa i
B _ i
Al i
o o |BotT P
DiSS. § o o |Bolt BEI
c  0@=E—E——m == ]
5 L]
(a) (b) B 6 B

W5 i i 7 LW QAL F B (0) R <
2.3.1 ¥ MRt
H R BBl 6 TR 0 A BN & 3Mm B2 4R R 0 e BB vl SRR B
P BED 05, ¢hEIV S 5 20mm o pE F T a2 3L 2 21 %2 30mm oo ¢ s dR b T
2,342 % 30 2 42mm o P g IR RTEGE 4 S Sk § - wmag(FL-1) ) TR RIEsE 4 1o

% 30kN » - 2 2Ea8(F1-2) ¢ = 1342 (Bolt T)3 56 4 % 50kN » = = 1% 4x(Bolt B)i 36 4 %
30kN ©

232R%HES

F Rt i sk % 4o 7 0w o FLL3RM A FL2 38715 7 & 2ifdd 4o
Fpb e A B4 ke 0 325 125KN > e b A BB R4 T 2 iR dhd 2 @ G %
AR A4 4w 125 2 160KN > F1-2 548 en b Z B g4 X 30 FL-1 3340 &2 00 s
G053 E B0 A B P SRR B IET Y OB D 0 e B
Bed Aol @S AL BB E

240 Force(KN) 240 Force(KN)
120 120
0 0
-120 — -120 —
_240 | | I 240 | l |
-10 -5 0 5 10 -10 -5 0 5 10

Disp(mm) Disp(mm)

@ (b)
7 A4 ¥ ~ids ¥ e B (QFL-L; (b) F1-2



PEREEt=ERBIEMISEE BB IEMAS
The Thirteenth National Conference on Structural Engineering/

The Third National Conference on Earthquake Engineering

Taoyuan, Taiwan, 24-26 August, 2016

IR R CRRREAE RS
BLRHRFA L AR

RS 5 T 370 A4 Y5 2860 2 3300mm - 15 5 5 tRik 0 BepIne
GRS Ak T e N E s o] 8@Q) T 0 B MR S B Y B 5 - @
B 3.3 F BIES 5.6 4 2 BiEIE% ¢ 2~ fr#ra A w5 H500x200x10x16 & H350x350x12
x19 > 5% A490-Gr50 + i o £ 5F i if 4 8(D)* 7 » d A BA RIS & RS #
PR S F TR B R B AR -

Beam

() i F— i e

= 7 T P 84 ) 2
— 100t M = ! (kN)
=S =1 l -
s G el i .
= = i} , 1
— EEREEERSEEEEsmEsImunn] ] 7 _
J ﬂ#—}n un|f1\| > L.:EJJ_I_LI—J:EEJ?J'J‘UI—E;—\ r T [ Colummn

(@) (b)
Rl F ¢ F R k% wiB a~2a n LB b~ 3o 7 LE

Abke B s £ 5B R £ 4 e AL ¥ (Disc spring) B B X F s Tk 4 0 R
AR R L AVMRFIRFLEELYERERS 10 BB AEE DT F o P Bl
EEAFNRRR S 8 Y P M TSR RECS L B R LRI R S E
ui%ﬁgﬁﬁﬁ%J’%al%ﬁ’ﬁﬁﬁ%ﬁ%ﬂ%@@ﬂ@@”lﬁﬁm%%o
e AR S 0.375%0.5%0.75%~1%1.5%~2%3% 4% [ %) & - 2 # 0.375%~0.75%
PG UETR AL 6 5~ 1% 15 4e £ 4 =0~ 1.5%~4%3R 4 § 2 = o

* 1 R desp ik Sk

- W el B¢ (kN) SMA $r4 (kN)
- Bebpl  BAR M s

10.8S-M24-1 10 8 100 100 80

10.85-M24-2 10 8 100 100 50
8S-M24 8 8 60 100 50

32 H%E%

S LE W%?’&‘E”& B A& B AR 9 o > RS F TR S TR
EIRGIEY  ZWFHIOR AP A R-FL o BFe B s RAERAE L A&
17 > 10.8S-M24-1 348 (8 9()) Flzep & £ 1% fadh+ 11 % Bk it > HE X B RE >



PEREEt=ERBIEMISEE BB IEMAS
The Thirteenth National Conference on Structural Engineering/

The Third National Conference on Earthquake Engineering

Taoyuan, Taiwan, 24-26 August, 2016

E 7] 480KN-m > 2 H L i G fF gk @ W Y R SRR R R FL A
PER > gt b AgRpE R 2z b A B E K IR 0 1 fF B & 58 & (480KN-m).5 L R dra > i
a2 65% 0 o AR AT RIS R &P P A LB - 3R R T R
RAEAE RSP A AR TR SRR R TP SRR
Bfed M o BEL A RARE-HT R FHRI SRR 3 3%k %A LR
il R s £ e R E T 5.5%A iRk 4ol o

10.85-M24-1 32483 3% %) & p& > #h RIAj Kl & £ 8k & 1lmm > deif Ak
e EZ VLT ¥ S 55%) 0 Y A il TREZFFNRER S
Smm> FiFLEE P I G oo ekl 6 £ iR LR d A RERE £
Zghe BB F A FEREUZEHCZFERI R FP B T R BB 2K
¥ - R

Moment(kN-m) ~ 10.85-M24-1 Moment(kN-m) ~ 10.85-M24-2 Moment(kN-m) ~ 10.85-M24-4
500 500 500
250 250 P 4 250 V7, ;
/ / /
0 0 0
-250 / -250 -250 / /4
-500 -500 -500
-0.04 -0.02 0 0.02 0.04 -0.04 -0.02 0 0.02 0.04 -0.04 -0.02 0 0.02 0.04
Rotation(rad) Rotation(rad) Rotation(rad)

(@) (b) ()
B9 &% E: (a) 10.85-M24-1: (b) 10.85-M24-2; (c) 8S-M24

B Ale ke s £AEE > FER-E FEF P IS phe SEL A2 1T
it T BN ARERIEL > R S R MR TR R FERRE PR
A P VIR RGF R PR R AT BGE ARBRUEF A HERGE R
FHRHFFEL G 0 T LR BHFRT

15 GAT B 2 G e ST RRR T 5 & BRERIER W F i ARE B AT BB B
LR KBRS AL n A ALY B B T R <
RO R o P PRSE LV L BT A B LR R RS L] o

2. A RRRFE&KS 30K BRI R E £ E 1Imm > derg Ak
A &LV LR (e R 55%)  WF b fBARY ik 3T REE
5mm > 2zl s 44 E2 B RAAPIT 0 F BB HEE P T o s kB L
SR BB R TR B RS B2 RE AT BH B R



PEREEt=ERBIEMISEE BB IEMAS
The Thirteenth National Conference on Structural Engineering/

The Third National Conference on Earthquake Engineering

Taoyuan, Taiwan, 24-26 August, 2016

NS

vaE

3R R A BT PR R R A o d R R B R Y B A
LA A R e SR A DT @ AT A 3%k B TP b s A S
480KN-M » 1 5 3 2 {4440 65% « 8757 6 0 BRI L K ) 300 v g
BE A A A o

42

1. Federal Emergency Management Angency: FEMA350, Recommended Seismic

Design Criteria for New Steel Moment-Frame buildings, July 2000.

2. Christopoulos C., Filiatrault A., Uang C.M., Folz B., Posttensioned Energy Dissipating
Connections for Moment-Resisting Steel Frames, Journal of Structural Engineering, 2002, 128:
1111-1120

3. Ricles J.M., Sause R., Peng S.W., Lu L.W., Experimental Evaluation of Earthquake Resistant
Posttensioned Steel Connections, Journal of Structural Engineering, 2002, 128: 850-859

4, Tsai K.C., Chou C.C, Lin C.L., Chen P.C., Jhang S.J., Seismic self-centering steel
beam-to-column moment connections using bolted friction devices, Earthquake Engineering
and Structural Dynamics, 2008, 37: 627-645

5. Han Y.L, Li Q. S, Li A. Q. Leung A. Y. T., Lin P. H., Structural Vibration Control by Shape
Memory Alloy Damper, Earthquake Engineering and Structural Dynamics, 2003, 32: 483-494

6. Ocel J., DesRoches R., Leon T. R., Hess G. W., Krumme R., Hays R. J., Sweeney S., Steel
Beam-Column Connections Using Shape Memory Alloys, Journal of Structural Engineering, 2004,
130: 732-740

7. Speicher M., DesRoches R., Leon T. R., Experimental Results of A NiTi Shape Memory
Alloy(SMA)-Based Recentering Beam-Column Connection, Engineering Structures, 33(2011):
2448-2457

8. DesRoches R., McCormick J., Delemont M., Cyclic Properties of Superelastic Shape Memory
Alloy Wires and Bars, Journal of Structural Engineering, 2004, 130: 38-46



	應用形狀記憶合金之自復位鋼構梁柱接頭開發

