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Experimental study on bond performance between engineered
cementitious composite and corroded rebars
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Abstract: This study investigates the bond failure mechanism between engineered cementitious composite (ECC)

and corroded rebars through pull-out experiments. The effects of corrosion rate, bond anchorage length, rebar

diameter, and fiber content on bond performance are analyzed. The results show that the bond stress-slip curve can

be divided into: micro-slip, slip, failure and residual phases. All specimens exhibit shear pull-out failure as the

primary failure mode. The bond strength initially increases and then decreases with the corrosion rate and there is

a critical corrosion rate resulting in the warimized bond strength. For rebars with a 10% corrosion rate, bond

strength decreases as anchorage length and rebar diameter increase. Additionally, increasing the fiber content

enhances the bond toughness index and bond strength initially, followed by a decline. The optimum performance,

including maximum toughness and crack resistance, is observed at a fiber content of 2%.
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T.FE K Je % & 4 # Kl (engineered cementitious composite, ECC) J&: — Fl EL A5 7 17 28 6 Ak 47 A H A% B $ir
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ECC L R A ARHPE RE , 76 8 50 B8 &2 SRS 2] 77 iz iR Y. 22 R8T, X AT TR - 45 48 7R 350 4 15 7
e Ak R SRR AR Tk VR T R A B el 5 ok e R A 7 5 K R R A ) 1 A2 e 5 0 L IR RR R ik 5 B BE IR
V2 W6 P AT T TR B X B A 1 2 AR VE R 1 55 EE R R UK B 7 g T RE 2 T ) G 2 A T i A R )
IR SRy T ARIE S5 A8 114 22 A P RN M R R AR 45 00 45 R 2R AT 0 TR A4 R ECC i [E 9 A 5 ol i YR
SERYBT , ECC 555 1 A A 1] R 47 A9 28 245 1k BB 2 R UE n 1 5 R A w4 o I Aok, [ PN A 2 o e AR A A R R
B B[ B RN G 40 % 55 S HOM ECC S A 9 BE 4 MR R IT — R K50 o X 8 O 5 7 10 A7 A B A 2 4
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5HR 85 R 975 1 2R B0 0 B U /N AR TR B A 5 R A A T R o SRS B AR ARt ECC I EF 4T DL S il
far 2 i 153 A AN 5 ECC M R 45 o B2 0T & o B AT, BE X BCC 540 i A &5 45 1k e 9% H B L, (H X ECC
55 U 7 ) R A5 T REF IR AN BT A o
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it PR g R ER Al b i — 2P AR ST ECC 5 85 1h 3 377 09 5 45 Pk B, i i O B a5 A 9 B 51 4 ok
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ECC It I B 43 ) J2 35 3 A 12 58 K Ui 6 A HLVD I (PVA 21 4k Ry LR 2R FR IR v 380Uk 5 R K 2 4
FESHM ) FARAE, R R AT TR RR QR 2 TR s iR R D) 2E R RE SR 3 TR .

F1 PVARHEFESY
Table 1 Main parameters of PVA fiber
LY 4 R K Ji /mm B A% /um WBRPTHRLIREE/MPa B EE/(KL-m™) BRI /GPa
PVA 12 40 1 600 1300 40

R2 WEAFMERE

Table 2 Mechanical properties of rebars

WA A% /mm i R 3 - {8 /M P H0 B3 JE - 24 (/M Pa TR /%
10 439 625 24
12 465 625 22
14 465 605 25
HRB400
16 465 636 24
18 420 608 24

®3 ECCHIRBELMNZF MR
Table 3 Mechanical properties of ECC and concrete

REE LA FAAEBUB L% PUESE K £, /MPa
El 2.00 53.25 52.34 53.24
E2 1.75 54.04 54.59 54.80
E3 2.25 49.03 48.36 49.27
Cl — 53.59 54.51 53.89

TE:E1.E2 E3 703l 02 3 Fh &R 4E 2 i AN [F Y ECC; C 1R E il TR Bk 1
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X 12 41 ECC 55 45 184 #fi rboC P48 30 10 i 1 LR E 55 5 Tl B9 A5 1 6 L 0 6 A7 B 25 1k BB I 00, 5 4 3
AN AR R A A DR REAER [E K RE  ERAA i a  A EE RIS R AR A
TS TE A A B A T R RS A R R 150 mmx 150 mmx 150 mm AT 150 mmx 150 mmx200 mm. 59/
AL TR H s, AN A B 45 A K B 2 B 5 d L8 d I 12 d, AE A9 Al T X S 1R PV.C A A LT B i
BN I T T B 1R R LA PV C A5 5 A 77 A W L 7 e o e, B Lk SRR R A N DACRIE B 5 R
B BRSSO I RS I & 1 s o b RL kR AE 1000 KN HL AR IR 5 BRI e L B AT RN A B
iy AN 28 3y 43 590 % R AT B 2 4 LVDT, LA 5 o 28 v #1400 -5 X 0 A0 A 0 A% o 4R & R SR A S 45
il =0, G 20 1 mm/min, 3% 22020 5 2R R8RS BCT iR G A AR O SR B
4% R FEARBE 0 2 11 A A PROE = Mk s 2 A 48 ke 1 A 1K1 2 i o

T4 KEGEEFERITSHERER

Table 4 Design parameters and results of test specimens

N R mm & K /mm BRI 1 S B AR A e BRER 2, iz M BR K451V 771/
B /% B /% kN MPa
E1-5d12-10 12 60 10 9.95 47.53 21.02
E1-8 d12-10 12 96 10 10.32 62.48 17.27
E1-12d12-10 12 144 10 10.24 63.56 11.72
E2-5d12-10 12 60 10 9.68 38.81 17.17
E3-5d12-10 12 60 10 9.85 37.13 16.42
E1-5d10-10 10 50 10 9.76 38.65 24.61
E1-5 d14-10 14 70 10 9.68 75.31 18.74
E1-5d16-10 16 80 10 10.35 50.79 16.50
E1-5d18-10 18 90 10 10.28 64.10 12.60
E1-5d12-0 12 60 0 0 48.87 21.61
E1-5d12-5 12 60 5 5.16 49.78 23.02
E1-5d12-15 12 60 15 14.79 41.43 18.32
C1-5d12-10 12 60 10 9.84 43.04 19.02

W E1-5 d12-10 78 B1-Bh45 6 B K 8 (5 D) BIAT B4 (12 mm) - A BB 85 0 2 (10%) s d 2Bl B2
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Fig. 1 Size of specimen (unit: mm) Fig. 2 Pull experiment device
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Fig.3 Accelerated corrosion device and corrosion control
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Fig. 4 Typical bond stress-slip curves
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Fig.5 Internal damage of the specimens

FEL 6 2 R I 5 o 3¢ T 5 0 S0 B A 5 ECC 107 1 5 07 — 8 R 24, 1 7 J2 S [ 4 o 3¢ 5 4 1
o PR AT 5 5 S O I 5% , B T 6.5% R AR B4 8 4 R T 10.37% 0 5
SN 55 7 0 TSI L ECC 4R M 08 8 W63 25 0 I 9 A B I 0 M5 5 4 S0 5 % e 5%
S 15% AP 6 B 55 1 F B T 20.04% 5% A B I ) T W T S7.91% , 5 bl ¢ 4 5 K o, 9820 0 A
I A7 8 I 5 M e BB 1 s S AR B
B 59 15 55l 0 800 208 I/ 07 0 8 5 00 4 5 0

28
——E1-5d12-0
241 /’\ — —E1-5d12-5
Pat —--E1-5d12-10
00 | \ ----E1-5d12-15
il L\
\
ﬁf 16+ " X \ N
= ' N
le 12_!’: \‘.‘ \\\-__
I Neo o
ol & ; -
T
0 3 6 9 12 15

6 AEFHMETEHFERI-BBML
Fig. 6

32 FEHEKE

Bond stress-slip curve under different corrosion rates
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Fig. 7 bond strength under different corrosion rates
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Fig. 8 Bond stress-slip curve under different anchorage lengths
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Fig. 9 Bond stress-slip curve under different rebar diameter Fig. 10 bond strength under different rebar diameter
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Fig. 11 Bond stress-slip curve under different fiber content

4 FHEHMEER
56 [ B 5 108 P 22 (ASTM) C1018 I T BE & U AR VL TH 3 R 25 B0 M 5 200, SO ki e & LU (BB OR45 &

ECC 15 45 1 4 s F- 42 55 205 10 7 — A% il £ 090 e, 48 1 35 1T T ECC 5 85 et 8 S04 1) 8% 4 0 P 4 M 50 T

e g N RN W

_SOABE (2)

- s
S()/\D

=|

Lo

S
[0.5:M’ (3)

SOAD

221, L S 53000 D 15 B 766 45 5 8 I FLRR 25 58 B R B 2 50% B, X
IO 4 %6k 45 B0 45 B, AN TR 12 T 7R S 4 £F HEATR 12 A1 T TT 33 6 X
28 T 6 T AR (KN-mm) 5 S e F Soace 73 31 2 15 21 26 45 5 2 B 0 2
Z59R T FE 2 50% Bxfpz it 26 B9 A (KN-mm) . — :

KSRGS BT AR W AR M SME k) 1:) E F <
KA BT, BhaS B E 3R 501, A 1, 1 Bl £F i 0k B3 B G 388 i 2 E12 #IMEHEY
BRI AELT AR R B 1 2% I, R A5 BOPESS 8Os L MZE B Fig. 12 Definitions of toughness indices
TRLIG 2T 24 fr) 48 ) R0 BH 2L 00O B W

K5 FEVHEITEEAR

Table 5 Calculation results of toughness indices

iit,fﬁ,: Z$ gﬁ%%/% SOAD SUABE SU/\GF Il.l) ]0.5
E2-5d12-10 1.75 8.36 16.30 40.17 1.95 4.81
E1-5d12-10 2.00 10.35 21.86 63.38 2.18 6.12
E3-5d12-10 2.25 7.28 13.75 28.78 1.89 3.96
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