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Evaluation of the Pull-out Resistance of the SMA Wire Connector

Chi-Young Jung', Tae-Ryeon Woo’, Jong-Han Lee’, Jin-Hwan Cheung4*

Abstract: Precast concrete (PC) structure is one of the type of the structures which is made in a facility prior to installing it to a construction field.

The contact surfaces between two PC structures should be treated for obtaining enough binding force by inducing prestressing force. However, in the

many cases, the contact surface causes the crack and leakage of water. These cracks and water leakage can cause the corrosion of the rebar, and the

corrosion of the rebar can severely reduce the long-term durability. In this study, the SMA wire connector is suggested to solve the problem with the

contact surfaces between two PC structures. The pull-out resistance of the suggested SMA wire connector is evaluated by conducting the tests to find

the effect of the number of wires, shape of connector part, and shape memory effect. As a result of this study, the empirical formula is suggested to

estimate the pull-out resistance related with the effects of the shape of the connector, shape memory effect, and the adhesive force. The validity between

the estimated pull-out resistance and the measured value is confirmed.

Keywords: Shape memory alloy, Pull-out test, Precast concrete, Cold joint
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ot sEA|9E o] 23 A F & FE Aol A o] FoiA =T, d
s HAs)starA; = PC 72829 548 EAEA
She 2102 A3 W F2EL 4 #58S AstAIZIE
Hlo] & 4= T (Lee et al, 2012; Lee et al, 2013; Lee et al,
2015; Song and Hwang, 2016). WehA PC 252 74 A
et e n s % 71srdo] Hadk Aotk

T RC TxE9] ddAlole FAos FP7dTs
(Shape Memory Alloy: SMA)< A-8-3la1Ale= 7S50 &
< AFARE YA o] FolA L k. FAT|AHES =
E3t 7IAE As ¥4719 &7 Shape Memory Effect:
SME)$} 284 A & (super elastic behavior)S Ho|H thefsh
Tofol] A&H 11 e Aotk EREofA= o] & &
3h7] 913 A7 v M EN e, FE T2 2EHAY
1o, SMA 77t /1 22 E 5 T2 Wt
e XY FE& T T BAE 5H0E o= A=
o] Tk 213 = AL 1Tk (Kuang and Ou, 2008; Park and Yun,
2009; Kwak et al, 2010; Choi et al, 2014; Shajil et al, 2013;
Kim et al, 2014; Choi et al, 2015; Choi et al, 2016).
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Fig. 1 Stress-strain curve of SMA fiber

Table 1 Material properties of the SMA wire

Chemical component Transformation

ratio (wt%) temperature (C)

As:75.1,Af: 944

Ni: 41.69, Ti: 58.31
Ms : 3.4, Mf:24.6

Table 2 Types of specimens

Name Heat for Embedded  Number of Quanti
SME shape wires R4
NH-I1 Straight 1 5
NH-J1 1 5
"""""""""""""""""""""" Non-heat
NH-J2 Hook 2 5
NH-J4 4 5
H-I1 Straight 1 5
H-J1 1 5
"""""""""""""""""""""" Heat
H-J2 Hook 2 5
H-J4 4 5
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Fig. 4 Failure of specimen
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Table 3 Comparisons of pull-out resistance results

Pull-out Ratio of

Name No. resistance Avg. H/ 2.4

N) ™ TR /1
#1 75.7

NH-11  #2 71.2 753 1.000  1.000 -
#3 79.0
#1 91.1

NH-J1  #2 88.7 86.6 1.000 1.150  1.000
#3 79.9
#1 172.2

NH-I12  #2 180.3 177.5  1.000 - 2.050
#3 179.9
#1 452.6

NH-J4  #2 480.9 466.8  1.000 - 5.392
#3 467.0
#1 150.9

H-11 #2 143.2 144.1 1914 1.000 -
#3 138.2
#1 158.5

H-J1 #2 154.5 1587 1.833 1.101  1.000
#3 163.0
#1 3243

H-J2 #2 350.7 3414 1.924 - 2.151
#3 349.2
#1 824.8

H-J4 #2 854.1 824.0 1.765 - 5.193
#3 793.1
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Table 4 Contant of the effect improving the pull-out resistance

Embedded shape Adhesive force
effect (J) SME effect (:5) effect (4)
12.93 N/ea 0.51 N/mm’ 0.74 N/mm’

J. Korea Inst. Struct. Maint. Insp. 135



Table 5+ 2)(1)= ©]-8-3}] 4F=3E 2 4ol T gk Q1A
G eS vnsta, HF oS AEAIAY TS A Ao
t}. Fig. 9= AdolA =49 g3} d =32 vl Aoz

21%He ot & Aol A dolxl Ao -g-oll= 1.106
S g Apol7} e AL FUEE oy, 56 B2 A

ol tis Al AT A5 olol gk eAf= B vold
Ao g Aot

Table 5 Seperated pull-out resistance according to the variables

(unit: N)
Name Embedded SME Adhesive Total
shape force
NH-I1 - - 81.8 81.8
NH-J1 12.9 - 81.8 94.7
NH-J2 259 - 163.6 189.4
NH-J4 51.7 - 327.2 378.9
H-11 - 56.4 81.8 138.2
H-J1 12.9 96.7 81.8 191.5
H-J2 259 163.6 163.6 382.9
H-J4 51.7 386.9 327.2 765.8
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750 — i
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Fig. 9 Comparison between the measured pull-out

resistance and the estimated pull-out resistance
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