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Visualization Analysis on Bonding Effect of Cementitious Material Repaired Zone
Based on Volumetric Strain

DONG Biqin, PENG Shaocheng, ZHANG Jianchao, WENG Jianwu, HONG Shuxian
(College of Civil and Transportation Engineering Shenzhen University, Guangdong Province Key Laboratory of Durability for
Marine Civil Engineering, Shenzhen 518000, Guangdong, China)

Abstract: The interface bonding quality is critical to the repair effect of repaired cementitious materials. In present, there is no proper
method to accurately evaluate whether the interface can establish the effective mechanical connection. This work proposed a method
to visualize the interface bonding effect of cementitious materials repaired zone. The volume images on three repaired mortars with
different bonding areas during loading process were obtained via in-situ X-ray computed tomography. The digital volume correlation
(DVC) was employed to analyze the volumetric strain distribution of samples based on the obtained images. As there is no
constraining in de-bonding area, a greater deformation occurs in the loading process than in the bonded area. Therefore, the area
without a mechanical bond in the repaired mortar can be visualized through the strain mutation in the DVC strain contour. The results
show that the strain mutation area detected in the DVC results corresponds well with the artificial de-bonding area, indicating that this
method can detect the de-bonding area in the repaired mortar.

Keywords: repaired cementitious materials; X-ray computed tomography; digital volume correlation; visualized evaluation of the
bonding property
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Table 2 Scanning parameters of the XCT in-situ test

Table 1 Ultimate strength of repaired mortars Voltage/kV Current/pA Exposure time/s ~ Matrix size (voxel)
Sample serial Sample No. Ultimate strength/N  Average/N 80 8 8 1 024x1 024x1 014
S100 Sample 1 2579.6 2657.3
Sample 2 26784 TFHRRRSKANSHIE DVC HEIH
Sample 3 27138 FE, T BT R AN BT R,
., s TR TR MRS B X R Y, R
Sample 3 2868.5 AINBARZES T XCT BT RE, 15205
S0 Sample 25792 26484 SR A T IRAIERE: 2RI 5 B IR R b
Sample ot T IR 2.
Sample 3 2721.0

JE AL N 3R 5 7/E XCT X #% (Xradia Micro
XCT-400, USA)WN [f/in#k %% & (DEBEN, Mechanical
Operation V1.0, UK) FiAT . 2HBIAFE I INEGE SN
0.2 mm/min, FAEHEZR 500 ms. AT #H47T DVC iR
ST K S EAk, TE AR I Z) B A R 4 32 4
E B ARAH. =2 kG2 2 A XCT B
ZJ&, A10.2 mm/min BINEGE Z AN 1000 N
oy 1 At BRI DR AT 2, AT 2R 3 IR R IR A
FRXIF R AR 801 IEHEE S, B 1014 18
EMg, BURRIARZE RSN 14273 5 pmx14.273 5 pmx
14.273 5 pm.

1.3 TS

DVC & —Fp 5T B AL BB A P 44 A7 72

AR AR . Sk B FREE

[l Mortar [l Artificial debonding

(a) S100

1.4 H{EEHL

N T BRSO R A EE, R ABAQUS
AR 3 PR S T RS 55 W0 R it (0 BRI 52 e
AIRICHAL, Wik 2 Fior. Hd, w¥kw SCHYETE
MR, S S R R AR A, R AR
PEI AR R IR D IR IR AR G R s SN T
th, FEMRZE B SO B, TR INEL )i
NTRAEEIR T, B DATEAR PR GRS ot IR A0 i
EESWREARRNGEE T RRERNRBELN: NTH
DVC AR SE FAHXS R, B TR 25 Ak 1 AR TG
HETORE 25 X 52 SUNM BHEREIRAR AT L. ToRigh X
SIAMW IR R RS SRR A Z LR, WE
NTCEEE . bR S R g 3 Bl
Hr, fffe R EGREL, K NTER R, K
NRGES

Epoxy resin

(b) S70

B2 3 ikt IS B G ISR i A BROTRE Y

Fig.2 Simulation models of three kinds of repaired mortar
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Table 3 Material properties in the FE models

Elasticity Plasticity
Sample No.

Young’s modulus/MPa Poisson’s ratio Dilation angle 6/(°) Eccentricity Jolfe K. K

Mortar 32.0 0.20 0.2 32 0.1 0.667 0.005
Epoxy resin 0.2 0.25
Artificial debonding 5.0 0.30
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