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Simulation Experiment on Infrared Radiation Feature of Tunnel Lining
Seepage and Image Processing
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Abstract: To explore the characteristics of seepage defects in underground cable concrete tunnels, we
simulated water seepage on custom-made cement blocks with point-like, linear and hollow-like defects. This
orthogonal test is aimed to explore the infrared radiation law of cement block leakage with the change of defect
form, defect size and leakage flow rate. The features of infrared image and the variation rule influenced by flow
rate and defect size were obtained through the later image processing and area extraction. The experimental
results show that the seepage characteristics of the test specimens with different seepage patterns are different,
and the leakage area increases linearly with the increase of the leakage water flow under certain other
conditions, however, the size of the defect has little effect on the area of the leaking water in the case of linear
defects. The study provides the basis for the rapid detection of leaking water in practical tunnel.
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Fig. 1 Non-seepage reference point of the tunnel

B2 REZEkR(D)
Fig.2  Seepage point of the tunnel(1)
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Tab.2 Infrared camera parameters
device parameter parameter data
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Fig. 3 Seepage point of the tunnel(2)
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Fig. 4 Infrared camera and analysis software

1.3.2 R EM SR A G R AR 0 e 4 Bk
T8 R UL TR 2 A A 3 AN 1E S TR Y
IRV« BUR BB LR BB 25 BB . K Uik
HORBE 1 RS0 ok €25, SRS K T8 .=
150 mmx 150 mmx 150 mm, 35 i {3 B {3 F H IE i JL
fafrply, EIFA EAR K 20 mm B K . SR BB
KA HeALAR BB R SE 4358 4 mm .6 mm .8 mm |
10 mm ; 2 IR it B 7K U8 3 Bk A 28 e s IR~ 43 93
20 mm .25 mm .30 mm; %5 % 5 5 BE 2 B G R <F 4
54 mm.6 mm.8 mm. 10 mm.
1.3.3  2oshabml-F & ARWKIF & B ARHESLF
b3k F AR AT AR 2K YR B i RS = AR ) i
g BE 2L AN AR £ S B RS U 4
TF R B i 7K 4 R Il 3 2 1 T o ' 4% PR 350k
Vet A5 M AR SE . T2 HE 28 T A, B L O 1
P50 28 T A2 a0 R L T HE S5 T[] i
B ZA KR LR B AT IR R AR AR
WA ] LS E AN B 6 (a) BTN, AR AR
YA 50 SR B 7 7 it v R AT O A s o LR
LZB-6WB, H5 W Ean i 6 (b) fr s, i i i 17
— MR LYK R R A P, R R Y 4
J& VI ) AR B DRz, &R TR AT
PLTER N B b b AR B 78 8 R0 4R T
TLETFEsh, 5% FER VS, 8T waE LR
200 B 45 ARG 7R T . T s T T Y O R
0 L/min~0.4 L/min , B4 % 5 ks s .
1.4 R

TR0 A 5 38 R AL R R A G A
TR RN B, A BK I S B, SR 05 EAT A AR

1) 43 994 3 ol e B 0 =X 118 7K Ui X B i i A 3t
BV b EAT KA A0 A 4 R G K [
TwIE .

2) G SR AS ) 5t o RS 8 7K D8 3 B il 8 A 3k



55 130 JER A, 45 < % T S A 98 U 7K L AMRFAE A DL 6 % P 45 Ak 2 99

[} | A0 8 B 7 b AR AT A, B AU L 5 BE T AN R 2 T
| RF 2 It o
| 3) Ao B 1 A A ) 4R R e KO R
‘ 0.1 L/min, 0.2 L/min, 0.3 L/min, 0.4 L/min, 1 4] i3
1 B L SRR IE AN [ T i i A8 T i O
; 4) g 21 A0 FAABASH B AR B K P2 3R 220 mm
| Ak AT o 40 45 A5 ASC A R A I T, 98] A 2 0 IR 9
M, 45 203 58 30 min, & 5 min R4 — AR 56 41 4b
e ‘ FG 361K,

() SR BB K TR 1 e
AR 0 2 LO5pEGRAIE

2.1 BESE

Ry 1k D G Ak 3 s AR v ) B i D T Ak
AP L B O T A AR TR B ol K T

o G T s AR A, 0 75 2 B KA )
T, DAL MG 5 T R AT 3 e A 38R SR P vy S0 0 U8
B0k IR AT b B Sy 0T 08 I — b M T B
B, 2 B ARG AT B3 1y i 2

G A8 Ak 2 B R A B i — TR AS B R,

L 010

(b) R e K D it

()75 Bk G K e ik e
B 5 RXPRELER 4R (B4 :mm)

Fig. 5 Test block entities and two-dimensional drawings
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Fig. 7 Image processing examples

(a) Original image; (b) Gray image; (¢) Filtered image;
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(a) Experimental framework; (b) Rotor flowmeter 0T L 45 % G TR UL Y 3 AP TR IE 2K (AR,
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Fig. 8 Infrared images in different leakage forms

(a) Infrared image of point defect; (b) Infrared image of

linear defect; (c) Infrared image of hollow defect
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Fig. 10 Extraction of area at different water flows
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Fig. 11 Extraction of area at different defect sizes
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