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Abstract:

tunnel lining, reinforcement corrosion is a serious threat

As one of the most important diseases of

to the structural durability and safe operation of tunnels in

service. The reinforcement corrosion and the resulting
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cracks directly threaten the durability and safety of the
lining. Therefore, it is very important to timely perceive
the reinforcement corrosion degree of tunnel lining. The
current detection method mainly relies on contact
measurement, which is low in efficiency. To explore the
feasibility of non-contact rapid detection, a combination
of indoor experiments and numerical analysis was used to
study, in detail, the heat conduction law of shallow steel
corrosion. The influence of the degree of steel corrosion
and the thickness of concrete protective layer on the
temperature field of the lining surface under active
thermal excitation conditions was analyzed. The results
show that under the condition of active thermal
excitation, the corrosion area of concrete surface is
shown as a high temperature area in thermal image, When
the corrosion rate of steel bars is 4.36 % - 23.16 %, the
temperature difference of concrete surface is 2.3 C -
4.4 C. The temperature difference on the surface of the
specimen increases with the increase of reinforcement
corrosion degree, presenting a cubic function
relationship. The thickness of concrete protective layer is
negatively correlated with surface temperature difference.
The larger the thickness of protective layer is, the smaller
the heat

conduction effect caused by the temperature difference

the temperature difference is. In summer,

between the inside and outside of the lining will occur on
the lining surface at the position of reinforcement
corrosion. By detecting the temperature distribution of the
lining surface with infrared thermal image in combination
with the apparent characteristics of the lining, the
corrosion degree of reinforcement can be determined
comprehensively, which provides a new method and
technical means for the rapid detection of reinforcement

corrosion.
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Tab.1 Measured data of tunnel temperature
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MR/ C
2021.5.21 14:15 28.8 25 18.4
2021.6.18 17:20 29.8 24 19
2021.7.19 13:50 31 25 20.5
2021.8.17 16:40 28.3 24 16.9
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Fig. 1 Mould for concrete specimens(unit: mm)
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Fig. 2 Pictures

of concrete specimen wrapped

around thermal insulation material

CPFREAT 72 h T RAL B, AR5 FF P E RS Bl 2 = il 3
B PR 24 hy D SRR i 1 R AR s © 22
IRLLANPRANL, BRI S #E4T A lix £ O
AR LN PAR P 5 ORI LL M S5 I HA b
XHRBE L A FREAT I, BT ES 20 em , iR 8]
20 min; @ NFRTE R , B HLLINHRACIE R 53 il i
2 T L U A0 30 min, IS SR A T A
i OFE R LFEO~PIRO , BRI 5E T A 2R
AR LA s DT IR BE L, A & Bl 45 THUIR S
RS MR,

(3) A5 AR

R 0 1 45 - A I R MR AP B 16 T
TERRHE) " HILAE B0 B0 315 B e R B I 5 7 0%, R 5 T
FBRES RRUE R M TR AR AL B AR E T AN A
B R (1) —(2) TR BN A 5 13 o F1
BRI R 0,

=0T 100 U (D
mo
81:610(1;1,0) (2)

2 omo R BB AT T, g5y SR BRI R S S T
i, g 0 NS R S, mm i d, R RIAG B
£, mm,

RIS IEHIAE T 785 55 A LS AN s
PRALER Y 8 1, 1-7 i 2 AR 0 RN 1517 B 45
JE B 3 Fos , IS L3R 2.

o rEae 43 2

a S

b AR
E3 SWARRIKSR

Fig. 3 Pictures of corroded bars taken from speci-

mens
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Tab. 2 Steel corrosion rate of each specimen

RIEH S
1 2 3 4 5 6 7
BFHIG FE/ g 651.59 651.98 655.75 652. 00 651.73 603.71 654. 36
MRS IS i/ g 623.18 609. 54 598. 32 585. 22 549. 75 488.91 502. 81
AT R BE /mm 0.22 0.33 0.45 0.53 0.82 1.00 1.23
B R % 4.36 6.51 8.76 10. 24 15. 65 19. 02 23.16
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Fig. 4 Pictures of typical corrosive crack(unit:mm)

*3 IRNGEIKEETEE
Tab. 3 Average width of corrosive crack of specimen
W4
1 2 3 4 5 6 7

AR/ % 4.36 6.51 8.76 10.24 15.65 19.02 23.16
B AS% 50 /mm 0.79 1.19 1.49 1.65 3.26 2.44 2.73
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Fig. 6 Infrared thermal images of Specimen No. 6 at

each time
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of Specimen No. 6
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Tab.4 Maximum temperature and temperature difference in corroded area of specimen surface at initial

analysis time

R
1 2 3 4 5 6 7

R/ % 4.36 6.21 8.76 10. 24 15.65 19. 02 23.16

BRI oA X B e i /°C 47.30 47.50 47.70 48.00 56. 20 48. 50 49.40

KR/ C 2.30 2.50 2.70 3.00 11.20 3.50 4.40
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Fig. 8 Infrared thermal images of Specimens No. 1

and No. 7 after cooling for 60 s and 120 s
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of Specimens No. 1 and No. 7
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Fig. 12 Temperature difference of concrete surface as a function of normal zone temperature and corrosion

degree of steel bar
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Tab.5 Comparison of determination results
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Tab. 6 Coefficient of heat release

X v, HEAEE R/ (klem 2h <C 1)
/(mes™) e # L 2
0.0 5.13 5.85
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1.0 9.93 10. 66
2.0 13.72 14.72
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Fig. 13 Schematic diagram of each material in the
model
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Tab. 7 Thermal performance parameters of various

materials
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Fig. 15 Average surface temperature of specimens
versus different thermal conductivities of

concrete
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Fig. 16 Surface temperature difference versus time

at different thermal conductivities of rust
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