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Model and field tests on detection effects of tunnel lining cavity by GPR
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Abstract: The tunnel lining cavity is a common defect in tunnel engineering, which is harmful to the operation safety of the
tunnel. The application effects of GPR in detection of railway tunnel lining cavity are studied through the combining model
tests and field solid tests. The edges, upper interfaces and ranges of 27 unreinforced inclined cavity models, unreinforced
horizontal cavity models and reinforced horizontal cavity models are detected by GPR, and compared with the actual sizes of
the cavity in the model. The results show that the radar detection images of the unreinforced inclined cavity model have high
discrimination, complete cavity shape, clear cavity edge and upper interface structure boundary, accurate cavity range and error
of —0.4~0.5 cm. The starting point of the unreinforced horizontal cavity model is clearly and accurately visible, the radar
image interface on the upper surface of the cavity is clear, and the error is —0.4~1.3 cm, but the lower surface of the cavity can
only qualitatively explain the approximate depth range of the cavity. The horizontal cavity with reinforcement has complete
interface shape and clear structural boundary. The research results may provide reference for the quality inspection of tunnel
linings by GPR in the future.
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Fig. 1 Working principle of radar
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Fig. 5 Solid model for unreinforced inclined cavity
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Table 1 Test data of unreinforced inclined cavity model

(cm)

e e f

W ShE RE B2 Sl BE RE
#1 21.0 21.4 -0.4 16.0 15.9 0.1
#2 21.0 21.3 -0.3 16.0 16.0 0.0
#3 21.0 20.9 0.1 16.0 16.1 -0.1
#4 21.0 20.8 0.2 16.0 16.2 -0.2
#5 21.0 21.0 0.0 16.0 16.1 -0.1
*6 21.0 21.3 -0.3 16.0 16.3 -0.3
#7 21.0 21.2 -0.2 16.0 15.8 0.2

3 21.0 20.9 0.1 16.0 15.9 0.1
9 21.0 20.0 0.0 16.0 16.2 -0.2
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Fig. 6 1 Radar detection diagram of unreinforced inclined cavity

model for linings of specimen No. 1
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Table 2 Test data of unreinforced horizontal cavity model

(cm)

e c d
B ThE RWE R Sl RE  RE
#10 28.0 28.3 -0.3 15.0 15.4 -0.4
#11 28.0 28.3 -0.3 15.0 15.6 -0.6
#12 28.0 28.1 -0.1 15.0 15.7 -0.7
413 280 278 02 150 149 0.1
*14 28.0 27.9 0.1 15.0 15.0 0.0
*15 28.0 28.0 0.0 15.0 16.3 -1.3
*16 28.0 28.4 -0.4 15.0 15.3 -0.3

#17 28.0 28.0 0.0 15.0 14.9 0.1
#18 28.0 27..0 1.0 15.0 14.2 0.8
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Fig. 7 Solid model for unreinforced horizontal cavity
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Fig. 8 Radar detection diagram of unreinforced horizontal cavity

model for lining of specimen No. 16
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Fig. 9 Radar detection diagram of model linings for specimen

No. 26

5 IMIARMIRIEHR

T P T8 Ao )5 SR AR, I8 mT DA I
SCHARBLEE . e R L AR S T A AE AT )
T2, B 10 AFERERE T AR R, WEGTiEE
HE AN R L 4003 A 175 L, R 7E T IA MR T A e 3,
WAL TE T IR G L RPN A HR H S S
5y XS B RE A I 2 5 BT SRS EL AT
AT RS HORE, ] DL AN A AN SR () B = A
HWAT MR A BB, WP R ZE T +
20 mm, FHHE[ IR PR 1R ZE 3575 £ 100 mm, 2 (kK
B TRt T s IR SR e ) IR .

E 10 STMSRAR . SRHZREAE K
Fig. 10 Radar image of measured reinforcement and steel arch
B B BEIE A WAL TR I S Ak R (B 11D,
FEATAPTE D, BEAUHERRIE S WL, T #2285
RS AR SR ) (R S, BRSO R AR S ¥R 0 B
SRR, IR S, TeiRH



136 = + B ¥ R 2022 4E
R NS, SRS
6 & ®

Fig. 11 Measured radar image of lining vault detection of tunnel B

B E BEIE AT I S F Ak R (B 12), AN
T e AR B O R AR Al SR S T EL AR s S PR AR AR
B AR S AT G, BT HRRIERE R
SHRAS, 1R G RIS RS B R i
TAERIN B RIS B R, WA A E =
TRRRANER, SHEMEEE—B.

: | ik AN
12 3 E BEF i SN & ik E %
Fig. 12 Measured radar image of lining detection of tunnel E
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Fig. 13 Measured radar image of tunnel F
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