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Tab. 1 Fiber specifications

ESIi| K I/mm HfEd/um BF/(g-em™) Prhiam i /MPa FPEA I /GPa /%
PF 18 18.1 0.92 560 7.2 33.0
BF 12 13.2 2.85 1938 78.0 2.9
+z2 RRLIEELE
Tab.2 Mixture proportion of concrete
- HAN it (kgm™)
) K Ky IEIR Wk i 11 7K WK BF PF
NC 380.0 85.1 114.90 600.0 1053.4 158.6 33 0 0
BFRC 380.0 85.1 114.90 600.0 1053.4 158.6 33 2.850 0
PFRC 380.0 85.1 114.90 600.0 1053.4 158. 6 33 0 0.92
BPFRC 380.0 85.1 114.90 600.0 1053.4 158.6 33 1.425 0.46
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Fig. 1 Construction and dimensions of specimen
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Tab.3 Mechanical properties of steel bars

K B JEMREREE AR SRR
s
d/mm /MPa /MPa /GPa
HRB500E 18 515 657 216
HRB400 8 435 508 207
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Fig. 2 Mechanical properties tests of concrete
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Fig. 3 Schematic diagram of electrochemical accelerated
corrosion

_ zFrpn,
=" (1)

A RIS ], 2 R BHAR AL 22, ORI A
HHC, e BRI AR p I, BRI Il
R ARSI S R T I
123 33mK

i 0 P73 38 56 7 Fie KA 1 000 kN () HEL 38 ] Al
T3 RERIHL EEF T, A 4 B I fin 2820 R &
P TETT FH i O B30 AR 2R, 4 e v 5 4
M 24 SR Al R R i R BT 2L, DA R A
P o 38 2 B0 AL A 1 B D S PR g, I FH A 2k
AL AR 22 5048 R 2% (LVDT ) I 98 7% o 336 5% A3 7%
hng o7 =, ks 2R 0.5 mm/min, 174k )1 F R T
T B PFRIR A A bR

el HEAYIY
- AR
H-Je B
"~~~ LVDT

e
El4 RRMNSREREE
Fig. 4 Pull-out test setup
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Fig. 5 Appearance diagram of steel bars with different
corrosion degree
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Fig. 6 Results of mechanical performance tests
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Fig. 7 Fiber mixing effect coefficient
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Fig. 8 Rust expansion cracks
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Tab. 4 Results of pull-out test

g5 ¢ /MPa s/mm  7/% / (MPaIiinmil) (MPf;r/lmil) RS t/MPa  s/mm  7/% (MPfli':lmfl) (MPf;r/lmil)
NC-0-1 20.12  1.15 0 43.96 21.04 NC-5-1 18.11 1.48 4.93 39.20 17.92
NC-0-2 19.28  1.38 0 45.21 19.75 NC-5-2 19.45 1.39 3.85 40.89 19.02
NC-0-3 21.08 1.46 0 46.43 222 NC-5-3 17.94 1.72 4.57 42.91 18.56
PFRC-0-1 2292  1.25 0 43.61 2343 PFRC-5-1 20.36 1.56 4.37 423 16.35
PFRC-0-2 2133 1.30 0 42.96 22.87 PFRC-5-2 19.75 1.36 4.53 40.75 17.45
PFRC-0-3 24.15  1.56 0 46.03 24.90 PFRC-5-3 21.54 1.43 3.99 43.25 18.01
BFRC-0-1 22.50  1.31 0 42.58 24.53 BFRC-5-1 22.05 1.53 4.24 45.21 19.58
BFRC-0-2 2190 1.57 0 42.55 23.46 BFRC-5-2 19.42 1.45 5.13 42.89 17.32
BFRC-0-3 2550 1.60 0 45.37 27.29 BFRC-5-3 21.83 1.61 3.76 43.90 20.10
BPFRC-0-1 26.05 1.23 0 49.22 30.16 BPFRC-5-1 22.58 1.79 4.37 48.30 22.69
BPFRC-0-2 2430 1.33 0 47.21 28.83 BPFRC-5-2 22.65 1.49 4.25 46.77 23.12
BPFRC-0-3  26.15 1.58 0 47.57 31.17 BPFRC-5-3 21.34 1.46 4.69 47.43 21.41
NC-2-1 2042 155 1.80 42.23 20.65 NC-10-1 15.08 1.35 7.35 37.84 11.96
NC-2-2 2001 136 1.45 43.27 19.60 NC-10-2 15.92 1.28 7.15 39.69 10.95
NC-2-3 19.18  1.60 191 42.00 18.18 NC-10-3 18.53 1.75 5.93 41.57 15.48
PFRC-2-1 22.67 166 147 45.77 20.62 PFRC-10-1 20.28 1.7 5.99 43.21 15.12
PFRC-2-2 2314 172 159 46.4 21.19 PFRC-10-2 18.71 1.45 6.84 40.87 13.69
PFRC-2-3 2232 150 1.87 47.33 20.14 PFRC-10-3 19.69 1.53 6.62 41.92 15.45
BFRC-2-1 2264 139 150 47.58 22.03 BFRC-10-1 19.59 1.52 6.54 40.25 13.58
BFRC-2-2 2193 156 1.96 46.60 20.00 BFRC-10-2 17.96 1.31 7.10 39.67 11.65
BFRC-2-3 2374 1.68 138 46.82 24.92 BFRC-10-3 20.77 1.67 5.96 41.58 15.29
BPFRC-2-1 26.01 147 155 51.45 30.05 BPFRC-10-1  21.10 1.64 6.68 46.02 17.07
BPFRC-2-2 2521 135 145 50.67 28.11 BPFRC-10-2  22.00 1.42 5.61 46.78 18.52
BPFRC-2-3 2342 128 1.81 47.88 24.71 BPFRC-10-3  20.08 1.38 6.95 44.60 15.53
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Fig. 10 Bond-slip curves
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Experimental Study on the Bond Performance Between Corroded Steel Bar and Fiber-reinforced Concrete
LIU Yanchun', CHEN Bensheng', LIU Caiwei'", YAN Liangtaiz, LIU Xinyu', MIAO Jijun'

(1.School of Civil Engineering, Qingdao University of Technology, Qingdao 266520, China;
2.College of Architecture and Civil Engineering, Beijing University of Technology, Beijing 100124, China)
Abstract:

Objective Reinforced concrete structures remain highly vulnerable to chloride ion corrosion during prolonged service life. Fiber-reinforced con-
crete (FRC) demonstrates enhanced durability, making it well-suited for complex environments and rigorous engineering demands. This study
seeks to clarify the influence of fiber incorporation on the concrete matrix and to examine the variation in bond performance between different
types of FRC and corroded steel reinforcement.

Methods A total of 36 specimens were designed for basic mechanical performance testing, and eccentric pull-out tests were conducted on
48 prism specimens subjected to varying corrosion rates (0, 2%, 5%, and 10%). The corrosion of the steel reinforcement was accelerated using
electrochemical methods. Stirrups were incorporated into the specimens without insulation or oxygen isolation treatment to simulate actual engi-
neering conditions. A corrosion current density of 200 puA/cm? was maintained. The relationship between the applied time and the theoretical cor-
rosion rate was determined based on Faraday’s law. After reaching the predetermined corrosion time, the specimens were dried and then subjected
to pull-out tests. The pull-out force was measured using sensors on the testing machine, while two Linear Variable Differential Transformers
(LVDTs) recorded slip values. Tests were performed using a displacement-controlled loading method at a rate of 0.5 mm/min, and the pull-out
process was terminated when the pull-out force stabilized or the specimen failed. Surface changes and failure modes were documented. The
bonded steel was extracted, rust was removed through acid washing, and the actual corrosion rate of the steel reinforcement was calculated using
the mass loss method. Scanning electron microscopy (SEM) was then employed for microscopic analysis of the bonded interface after failure.
SEM observations revealed the microstructure of the basalt-polypropylene fiber-cement interfacial transition zone, as well as the distribution and
post-failure morphology of the fibers, which further clarified the fiber action mechanisms. Based on the experimental results and incorporating
the corrosion damage factor, semi-empirical and semi-theoretical bond strength prediction formulas, together with a three-segment bond-slip con-
stitutive model, were developed for different fiber incorporations. These models generally maintained errors within 20%, which confirmed their
effectiveness and accuracy.

Results and Discussions In terms of mechanical properties, fiber bridging effectively inhibited crack development and dispersed the applied
loads. The incorporation of basalt fibers (BF) and polypropylene fibers (PF) into the concrete resulted in a more pronounced improvement in split-
ting tensile strength, with splitting tensile strength and flexural strength increasing by 12.43%~18.65% and 5.36%~~9.64%, respectively. BF re-
stricted the initiation and propagation of microcracks, while PF primarily limited the expansion of macrocracks after their formation, demonstrat-
ing a positive synergistic effect of PF+BF. An analysis of the specimens’ appearance after corrosion indicated that corrosion products accumu-
lated between the steel reinforcement and the concrete. As corrosion advanced, rust-induced swelling cracks formed on the concrete surface, ac-
companied by the overflow of reddish-brown rust products. The incorporation of fibers modified the concrete’s porosity and permeability, and fac-
tors such as corrosion discretization caused actual corrosion rates to be lower than theoretical values. Due to the bridging effect of fibers and the
lateral confinement provided by stirrups, all specimens failed in splitting pull-out. FRC specimens exhibited finer and fewer cracks than normal
concrete (NC) specimens. Primary cracks extended toward the concrete side and, as the load increased, developed into longitudinal through-
cracks parallel to the steel reinforcement, ultimately leading to the ductile failure of the specimens. Bond strength degraded significantly with in-
creasing corrosion rates in terms of bond performance. When the corrosion rate reached approximately 5%, the bond strength of BPFRC de-
creased to 87% of that of the non-corroded specimens. When steel mass loss ranged between 6% and 7%, the bond strength of NC decreased by
an average of 18.1%. Under corrosive conditions, the bond strength of FRC increased by 11.1%~27.6% compared to NC, with BPFRC exhibit-
ing improvements of 19.9%~27.6%, which was 5.2%~11.8% higher than that of specimens with single PF or BF additions, indicating a positive
synergistic effect. In addition, FRC demonstrated higher initial and secant bond stiffness. At an average corrosion rate of 1.65%, the accumulation
of corrosion products increased the friction between the steel reinforcement and the concrete, which resulted in an increase in the initial bond stiff-

ness of BPFRC, PFRC, and BFRC by 4.2%, 5.2%, and 8.0%, respectively. However, as corrosion progressed, cracking of the protective layer sig-
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nificantly reduced concrete confinement and interface friction. At a corrosion rate of 6.56%, the secant bond stiffness of BPFRC and NC de-
creased by 43.3% and 39.0%, respectively, while the initial bond stiffness was less affected, decreasing by 5.0%~11.8%. Under the same lateral
confinement conditions, FRC exhibited a more gradual decline and higher residual bond strength compared to NC. Fiber incorporation effectively
delayed specimen failure, absorbed part of the energy, and provided additional structural support. No consistent patterns were identified in the
changes of slip amounts among different FRCs and NC under identical corrosion conditions, where an initial increase was followed by a decrease.
This behavior was partly influenced by concrete cracking but remained relatively stable.

Conclusions The experimental results confirm that corrosion damage is a critical factor influencing the bond performance between steel reinforce-
ment and concrete. As the corrosion rate increases, bond degradation becomes more severe. Fiber-reinforced concrete, compared to normal con-
crete, demonstrates improvements in both fundamental mechanical properties and bond performance after corrosion damage. Appropriate fiber ad-
ditions mitigate initial defects in the concrete and effectively suppress crack propagation. A bond strength prediction formula and a constitutive re-
lationship for fiber-reinforced concrete under corrosion influence were established. This research provides data support for evaluating the perfor-
mance of BF-PF reinforced concrete and provides a theoretical basis for practical engineering applications.

Key words: fiber reinforced concrete; corrosion; mechanical properties; bond-slip; constitutive model
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