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Experimental studies on seismic performance of ancient pagoda
wall strengthened with shape memory alloy wire
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Abstract: In view of the poor seismic performance of the ancient pagoda wall, a new seismic strengthening
technology. strengthening the ancient pagoda wall with shape memory alloy wire (SMA wire), was
proposed. In order to study the reinforcement effect, the mechanical properties of SMA wire were tested.,
and the influence of strain amplitude on its energy consumption was analyzed. The SMA wires were trained

by loading and unloading to maintain a stable fully superelastic state. Then, the pseudo-static tests of two
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ancient pagoda wall models (one intact wall and one damaged wall) strengthened with SMA wire and one
unreinforced model were carried out. The effects of SMA wire reinforcement on the seismic performance
such as failure mode, hysteretic performance, bearing capacity, deformability, stiffness degradation law,
ductility and energy dissipation capacity of historical masonry tower wall were studied. Test results show
that SMA wire reinforcement does not change the failure mode of the wall, but can improve the brittle
failure to a certain extent, can significantly improve the bearing capacity and energy consumption capacity
of the wall, effectively limit the shear deformation of the wall and delay the wall cracking and stiffness
degradation. Compared with the unreinforced wall, the bearing capacity and ultimate displacement of the
wall strengthened with SMA wire increase by 16. 91% and 22. 65% . respectively. The bearing capacity and
deformation capacity of the damaged wall strengthened with SMA wire are even greater than that of the
intact wall. However, the stiffness and bearing capacity of elastic section and cracked section are obviously
lower than that of intact wall.

Keywords: ancient pagoda wall; shape memory alloy wire; superelasticity; seismic strengthening;

seismic performance
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Fig. 1 Specimen size(unit: mm)
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Fig. 2 Schematic diagram of SMA wire reinforced specimen
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Fig. 3 Detailed structural drawing of SMA wire

and fixture connection
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Fig. 4 Screw fixing structure drawing
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Table 1 Main composition and content of SMA wire
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Fig. 5 Cyclic loading results of SMA wire
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Fig. 6 Energy dissipation of SMA wire
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Table 2 Mechanical properties of SMA wire
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Fig.7 Mechanical properties test of SMA wire
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Fig. 8 Schematic diagram of test loading device

DR AL AR B AT BN 9 TR . T (v 8% 1 ek
A BUBCETER S PO LU BRS i i 52, A% s
ST 35 VAR JE R 04 1 )y A S S2~ Sa I35 A
A TED PR R 1) AR T, A TRt S5~ S10 A6 100 335 4% 11 %o £
PO AR AR ST IR 0] S S T AR iE 2R
BT AR

S
Pa d&

9 ERHEHE
Fig. 9 Sensor layout drawing




42 I RE5xE e

FROF E O

% 44 %

2 REIAK

2.1 W-1itf§

fiFE R 0. 6 mm B, fi Ht v s 1 0 6% [ 40 44
X R A BEER A T A R 0 HES O =X 5 TR E A
TEFEER I H 555 Y, BEE AL 3G 0, 244E
] B IREGEAEA 3 VL%, (i F8°h 1.5 mm B, fif 4t
TOUERY: (590 6L P th B 2 A s, v B8 34 Jn 2]
3.5 mmif BRI A0 S 4% 1) AR T 7 DURE R
TOUERAN ] 4 VTt , [R)), SR Z2 N f A T M Oh 2
itz BT 1R [ IR A AR IR , B A RS A ) e e R R
FiAEIAF 5. 0 mm B, i BEFRA IR IR 45 % ™ o, fide B
P BEAS SR, HAb A A7 B B IR . 1 B 4k
SRR KR AR B 1/3 B (2 R 1 TR v B T
1PN 355 A 1 B K et ) S48 RN A5° R 44, HL
KB, (iF%iA3] 8. 0 mm B, 2L4% & J& 3| 5% 4
JEEHR, FERERA AN A 3 mam, I ] |- FiE {1 20 355 1 1 B 1)
2/3 B AL FE 4 /N TR SR AR b R 48 v R 2
M2 mm., (VAEEEF] 9.0 mm B, 254 T B TE Y
“X7HY A SR ARRE ) IR DR [ AL RS A F
11. 5 mmt, BUPFBER , InEkZs o
2.2 W-2itfE

iR 0. 6 mm B, HETH I BT ) 2448 , 1 5 R
INESREARI R AL, (iR 1.5 mm B, HE TR 4%
) b AT 2 DUA% , BEAA 1/2 v B 5 0 9 10 19 3 B 7Y
W] REE I IR AEE, (i FEN 4. 0 mm I, PO Y RS
) ARSI 22 SR IR L ()t R A L X A 2k
BT —E YU BBl N %A P4 8% . (i F2 4 6. 0 mm
B Si A A 30 10 B ) 1 2R 2 o [ 5 R AT
S84 UL T SMA 22 i [ 68 1% B il 24 4% 1) 7= A
SRR, fifR 8.0 mm BT, 45 12445 & 5 TS,
I, AR RISE T 29 2 mm, B SN T i ] %
R 5E , H ST B 8 () b St ) R 3 2
BUARVERS B2y Vs e S O AN 32 S PO A S ) T i
fii. fi# R 10. 0 mm J5 , 24 4% N W7 4 {1 IF: 18 3 i
Te, AR EMEEE AR, N 14. 5 mm B, A
R ™ iR 2
2.3 W-3ikff

R W-3 H 5O 2l A 24%, T A LE
FEIRAGOL ORI ARG L . B gkt 17, i1 &
HIEE PRI, AN 4. 0 mm B, B A “ X7 R
SLHEFRUTY 1N» B 2448 53 F) B 25 S /N B ge < X
RIZLBE AT w5 8y, RS B, B Sl S R R B I, 24 5%

) 5 LB R s SR8 K 6. 0 mm I, 3 T A4 6% 7E 4 56
fr g8 B W R ¥ A% 8. 0 mm i, 2445 R Wi
FE, AL AE TE RSB 3 mms N 11. 5 mm B,
) 1 _E 350 AT 4535 B FE I, S AR AP 1 H (S 4R
BN B i R 14, 5 mm B, K5 RS T
IR AR 45 o, A 1 B T KRB T A R AR R
L.

3 b4 R B SROIR S i 24 4% 43 A An I 10 fir
TR 3 R ERRY LA B VIR, ULEH SMA 22 i [#
F A O iy B R AR () B AR 2L 3 5 2R [ o
BRI gE e —a

() WAEW3
10 RERFRES

Fig. 10 Failure modes of specimens
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Fig. 13 Calculation diagram of shear deformation
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