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Abstract . In view of the problems of water leakage and structural damage in the tunnel, to find out the location
of high water pressure leakage point or imminent leakage, and to quantify the water pressure, the indoor model
pressure test of cracked concrete was carried out to simulate the seepage of cracked lining under different water
pressure conditions. The temperature distribution of the seepage surface of concrete block was observed by in-
frared thermal imaging camera to study the correlation between seepage pressure, the size of the crack and tem-
perature. The experimental results are as follows: the seepage volume is proportional to the width of the crack
and the water pressure. Under the same crack conditions, the higher the water pressure is, the faster the seepage
velocity is. Under the same water pressure conditions, the more the crack develops, the greater the seepage ve-
locity becomes. The seepage area of the non—penetrating crack seepage surface is often larger than the seepage
area of the penetrating crack seepage surface. The temperature is usually the lowest at the maximum seepage
flow, so the minimum temperature point in the tunnel seepage area can be found by using infrared thermal imag-

ing camera scanning to determine the most suitable punching and pressure relief position.
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Tab.1 Classification of tunnel lining cracks in Railway Bridge and Tunnel Building State Evaluation Standards in China

Damage level

Crack width characteristic

AA (Very serious)
A (Serious)
B(Slightly serious)
C(Medium)
D(Slight)

L; > 10 m,L, > 5 mm, the crack continues to expand rapidly
S5m< L, <10m,L, >5 mm,may collapse under external force

Ly <5 m,3 mm L, <5 mm,the cracks continue to grow slowly

Li<5m,L, < 3 mm

L, < 1 mm,no development changes
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Fig.3 Diagram of the experimental setup for hydraulic test through a cracked concrete block
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Tab.2 Crack dimensions

Test block Crack Crack Crack

st loe width/mm  length/mm depth/mm
1 0.4 250 100 (not through)
2 1 250 200 (not through)
3 3 250 300(through)
4 5 250 300 (through)

300 \?00
= =
: X : 5

(c¢) Test block 3 (d) Test block 4

4 WMRIMHELER (LA mm)

Fig.4 Concrete blocks and various crack dimensions (Unit: mm)
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Tab.3 Compressive strength of concrete blocks

Test block Stress/kN ifﬁﬁ:ﬁfﬁﬁi
1 1 105.8 49.1
2 1 108.7 49.3
3 1 084.8 48.2
Average value 1 099.8 48.9
Standard deviation 10.6 0.5

Pressure regulating valve

Air compressor

Pressure gauge Level gauge

Crack
Sealing ring

Concrete block Water tank

Concrete test block
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Embedded parts
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Fig.5 Diagram of device connection
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Fig.11 Water seepage behavior of test block 5 mm after gradual pressurization

(C)1994-2022 China Academic Journal Electronic Publishing House. All rights reserved. http://www.cnki.net



%1 AR AT AR E A WA TR B K = AR BRI Y 47
33 gRERERBEER
3.3.1 AN VGIRTEY 8.5~9.0 °C

B12 4 3 mm B 2E 244 70 F AR T /935
B FLT AR PSR Y . Wk R 24 1 Avio R550
LLAMARACHA BRI 28 3 B Ab 3 A5 2], % b g K
BRI, 3t IR R 2R 10 O BA IR AT DL A B K 1%
B, LT AN G B E AT LU B 5 AR 25 gk
O 9.4 CEIE W A 7.3 °C, B E A, it
WA AR Z B KW, R 9.1~9.4 C (4%
), T AR X A 5 i B R] 22 98 U K R A
K, HANE IR 9.1 CIEHTFEMLE 8.3 C(M
T W 2 W 7 A R RE A R AR T LB e A
Tk AR 5 AL AL IR R B 1K, 7.3~8.3 C, 24
SCHG ARG o, H ] X3P 2 IR R A A S 2R
FEAK 0.1~0.2 °C,

9.1~9.4 C

7.3~8.3 C

8.3~9.1 C

(a) Normal photo (b) Infrared thermal image

E12 3mmBEEEETHEERR RAOIMRGERK
KR E 3
Fig.12 Photo and temperature field obtained by Avio
R550 thermal imaging camera of 3 mm crack under
normal pressure

3.3.2 B

Bl 13 (a) FTE 13(h) 38 Avio R550 H14% Hi 11
3 mm 535 AR EE + AR 50 kPa /E R 113538
HER FNLLAM QIR B g, PTG 38 IR 24 5% M 4 5%
T RMA B K, WL SN AAGIR 8 7 1e 248% 7
FH @ EE N 8.5~9.0 °C, 8 F i L&
OO R R AR R, TEE 9.0 CHE &
10.2 °C, AT LIHERr 280K 00 8 544 5
3.3.3 R EER

IR AR v & B, TR — i B K R K, 414 A
TRALER WL H 1198 T Ak 5 ) 3720 1) 30 22wl B R , 21 90
PASIREE Y i ta 22 St s ] i 58 LD IR 2 K
JEREK Bk R £ | 38 0l B R, 3B KA S
PR BE BT 22 WO o B DASE W i B Y R

EBKE,

(C)1994-2022 China Academic Journal Electronic Publishing House. All rights reserved.

Crack location

9.0~10.2 C

(a) Normal photo (b) Infrared thermal image

B 13 3 mm 47 50 kPa 2 ETHWEZERF ROIMNLEK
[E 7 B B R 35
Fig.13 Photo and temperature field obtained by Avio
R550 thermal imaging camera of 3 mm crack under
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