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Experiment and Molecular Dynamics Simulation of Interfacial Bonding Degradation of
Fiber/Resin Under Chloride Corrosion

LI Shicai', JIN Zuquan', SONG Huamiao'~
(1. Engineering Research Center of Concrete technology in marine environment, Ministry of Education, Qingdao University of
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Abstract: The force transferring between fiber and matrix is closely related to the interfacial bonding properties of fiber-resin
during the loading process of fiber reinforced polymer (FRP) bars. However, its bonding properties are degraded by the diffusion
of chloride ions in the pore solution of seawater sea-sand concrete into the interfacial zone of fiber-resin. In this paper, a
micro-debonding device was independently designed and combined with the digital image correlation (DIC) technique to track the
degradation process of basalt/glass fiber-resin bonding property during the corrosion in chloride solution for 28 d. The results
show that the bonding property between glass fiber and resin is better than that of basalt fiber. The interface bonding force of
basalt/glass fibers is decreased by 73.9% and 71.8% after the corrosion of 28 d in NaCl solution. Matrix cracking and fiber pulling
out are the main failure modes during the pull-out process. The formation of the hydrogen bond is dominated due to the bonding
mode between resin and fiber matrix. However, the number of hydrogen bond atoms is reduced by the interaction between the
chloride ions and the atoms at the matrix interface, thus accelerating the debonding between the fiber and resin.
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Table 1 Basic performance parameters of fibers

Material Tensile strength/MPa Diameter/um Wire density/(g'm™") Elasticity modulus/GPa Ultimate elongation/%
Basalt fiber 4800 16 93.1 3.1
Glass fiber 2200 25 76.0 4.7
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Table 2 Basic performance parameters of epoxy resin

Epoxide number Epoxide equivalent Elasticity modulus/GPa Glass transition temperature/C
0.41-0.47 212-244 3.6 140
1.2 #l#& Perrsm gl B oA . 3) MR YER: KA 4E2 R
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(a) Acrylic mold

(b) Resin block

FEFETA 11 mm, B 10 iRE4EL2 AETIRR SN 1
W, A R S e S T b B 4) e
CFYESR, A FH R S B 4 2 SR R i i B S P S
REJG, SERUKG AR 4 AR A2 AR He b |, =
R 24 h e HESOR BB WSS, R4
WA AR AR ELE | mm L

(c) Prepared samples
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Fig. 1 Preparation of microdebonding samples
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Fig. 2 Schematic diagram of molecular models
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Fig. 3 Bonding force loss of fiber/resin composites
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Fig. 5 Strain evolution of basalt fiber/resin during pull—out process
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(b) Strain values

(d) Evolution of bonding strength
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Fig. 6 Evolution of surface strain and bonding strength of basalt fiber/resin composites

(b) Strain values

(a) Evolution of strain field (d) Evolution of bonding strength

(c) Bonding strength
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Fig. 7 Evolution of surface strain and bonding strength of glass fiber/resin composites
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(g) Bonding end (h) Fiber breakage
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Fig. 8 SEM images of fiber/resin composites
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(a) Centroid height change curve

(b) Centroid height at 500 ps

KO RS M B0
Fig. 9 Centroid height of epoxy resin

(a) Oxygen atoms of epoxy resin

(b) Hydrogen atoms of fiber

O.: Oxygen atom of epoxy; H,: Hydrogen atom of fiber; O: Oxygen atom of fiber; H: Hydrogen atom of epoxy
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Fig. 10 Radial distribution function g(r) of resin and atoms of fiber matrix
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Table 3 Coordination number of resin structure atoms and
fiber matrix atoms

Coordination number

Fiber Environment
O.—H; O.—Si O.—Al He—Os
Glass Dry 15.20 7.10 1.71
fiber NaCl 14.28 1.55 2.52
Basalt Dry 7.89 3.04 5.17 1.21
fiber NaCl 4.98 1.38 4.92 1.68
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Fig. 11 Radial distribution function of solution ions and interfacial atom pairs
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Fig. 12 Interaction energy and motion properties of solution ions
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