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Models test and quantitative identification of abnormal water-rich

microcracks in lining structure

LOU Yupeng, LING Tonghua, HE Wenchao, PAN Xuechun

(School of Civil Engineering, Changsha University of Science & Technology, Changsha 410114, China)

Abstract: To investigate the identification of special-shaped water-rich micro-cracks in tunnel lining
structures, ground-penetrating radar (GPR) was used to detect the water-filling models of four special-
shaped micro-cracks. The F-K migration method was applied to offset and locate the radar
characteristic signals of micro-cracks, with crack locations identified through waveform analysis and
the wavelet modulus maximum algorithm. The results indicate that the radar response images of
irregular micro-cracks are difficult to identify directly, while their morphology can be highlighted by
the F-K migration method. Compared to waveform analysis, the wavelet modulus maximum algorithm
provides more accurate positioning and identification of irregular micro-cracks. The two-dimensional
contour reconstruction of the micro-fracture models fits the shape of the solid models. The research
results provide a foundational basis for the identifying abnormal water-rich micro-cracks in tunnel
lining structures.

Key words: ground-penetrating radar; shield tunnel; special-shaped water-rich micro-crack; wavelet

modulus maximum algorithm; location recognition

Y #m HEA :2022-03-07

E£WH: IR ARREE4TH (5207081829)

WSS L (1968—) W %, EENFIRTTHUE 20E TR B8 ST TR A+ TR CE W -5 5 4505 T k5
TAE. E-mail:lingtonghua@163.com

A5 W Ak < https: //jtkxyge. csust. edu. cn/jtkxyge/home



% 33

FE I, AT MG KM LR R XIS SR B

IR T G il T B ALARAR R R RS2 R
i 28 TR 38 A0 R MR T 4 )32 i I P T 30 TR
BRI 2 T S5 1F T T2 B AR A AR A I &
SO JiG AR B T8 A R 45 ) IS ) R ) S e
233l % i 2 2 b ) R T K A AT
S I W 7 L T JE R B T AT I A A B A, AR
TE G A BE T8 () 2 423278 AR N B T 4o B4 e ) B
B R AT K 4G 0 ik 307 R B 1 TE SR AR I
Perb R IS A ISR B A o SR, TS F s
T it T LR A A A BB S 2R 7R SR
TR e T A B e B % G AN SR AT A7 A 1 £ M
R AR N T R T AT ARG I A A R,
TS A B Y TR S T R i T £
Foft T 000 T B T L G ARG ) A 4 0 T R PR {5
fiE o & AR 4100 R 2405k 300 MHz 1 42 2R
b H TR FH T 1 A B A ) T U R e BRI e,
ST )4 b TR S PG T i B T ) L TR e
WIRPIRZS o LING 2500 50 I 4 % 8 AR (ol L 4 A
FHAF 5 T MELLTE Y [ 85, R FH 1 52 DU e 36 5
B IR AR 28 0 25 5 0 o LR A7 A I o0 A o 5 BH
BT Re A M E A X EE AR e A BE S iy AT
PRI, X6} 1 5 24 Wty 0 245 SR A T4 D8, O3 2o el
FLERAR IR UE T JHE W 45 5 A vE R P o RIS AR AR
T v R k3 A ), R A T R A R G e B 4 A A
AL b R 5351 4 900,400 MHz 145 1 7
TR AR AT 3R, 2 R AT Lo a7 A I R Y
IR 8 RIS RRAE TR0 4 R J5 S, (L o AR R
BIRRS AN o H AT A 98 32 BT X A9 2 B B 4
T PR30S 23 I A s 1) R 2 5 s 8 R R A K A
TG, AR 0 Rt LR T AR B R S
JERVTA A 2, T XoF Bk 3 Aol 8 4 4% Bk g TR A AT 5
HItE DL, P, AR 9 3 3 2 N VA S S S A A
R, FH F-K i B 125 RN AR B R A 7 % T
TRERI ) 5T 5 7K Gl S A A R R R A TR0 o7
A He 5 B Ay, LU Ry SEBR TR v 9 550 & /K i
HEEP RIS

1 ERFIE

L1 RMERTERE

PR A 1K A9 A S B R Y R 2 e B v A v
o U R MAC PR 902 ) S i e o 3 v 90 A 5
A [ A Fi 8 B A g, Lg% e B Y

A B0 S A T LA PR A v T 7 56 A58 TR 3R
A AR AR A T R B R o AR FE AL 3 Y P S
SR SR E I PR R R 7 55 AR H AR Y
(VAR IVIZONE 7S e F (e D DL S OVRT Y

c.Je, At
20, (1)

sk RN RS 5 ¢ IR L RE B AEAY b B 1%
FEHE s e, A BRI HL B0 A SRR E I
1.2 NEERERKEE

NP G S — R AR AT T %, RE S A Bl A
UL I ] A0 B 1 SR A TR S I A3 B R Ak
PR PEAR T H o FL R SRR Ul i AR R BE 4 R
A5 5 19 3 LEARAE , I AR 4 3 S8 RF AR 2R 4T R AR
IIp

AN AR ) R

W/(s,x)=fmf(t)s_;¢(t_x)dt (2)

S

() IR AR 5 PR s o 430 Ry RUBE S 850Rn
VR SH RIES BTSN EY &% A ]
A s AV INE

EREBUE OB L VA ROI TR R s =
R) (AR AR A5, T A 5 W (L %) 728 Ak A5 38 % 7 A5 5 1Y)
e A A5 B B T B il 3 A A X SRR S
FRAET 5 A R IR B IR E 5 R &5 Sk
ZE IR B0 I 72 R -

Wntt—AEREE 0 <w <n+ 1, WRAEN
ANHEBAR by > 0 K n k2T P, (h), M5 T =
M h < hy A7,

h =

| f(xo+ k)= P(h)|<AlR]" (3)
For o, A B RS () P ROAT R — . WA 2 b
£ (20) ISR B w.

IS E S B IE B A OC, BOLH
14 RER, 45 IRFR BIOBOR , )z B . 2R IR BN
1, D) R ESCf () T8 oy A0 3 1 T B35 4 25 IRFE B T 0
HNT 1, 00 pR B f () 7 20 A S AT 51 o 7SR /I
WA o3 A o BRSO B S PRI 75 20 B S
A SPE . MR PREICEE , 3 P B R R /N AR
e RUBESR P /INib 2 B8R

[a, b] 0 x B HEASBEL, # x € [a, b], AT IAFAE
RIEZSH s, > 0, #1595 Va e [a, b] Fls < s fATEH
e >0, H o) 20 N4 2850 2

‘Wf(s,x)‘ < (Cs)* (4)

A5 W Ak < https: //jtkxyge. csust. edu. cn/jtkxyge/home 75



x @ # % 5 T # %40 %

W f () FEX ] [a,b | BA—E0H A RIS 5w, YA il PRI

#xelab], LR

15.00
15.00
o
21.50

’Wf(s,x)‘slwf(s,xo)‘ (5) A o D
W f (o) FE RUHE 280 s T B9 /0N U 78 B R 0 % i =£2 N
R 20 () 1 (b) YI&
e .o W2 YDA T 2
2 RERBS5ESRE _ : T
21 R ENaN
6 FHOGRCRE (SLAFE 4 B4, JH 3D 4T EDHILI P "
(c) STE (d) 2%

YEUE Y IE STERI ZIE 4 Fp S SR AR AL | A5 7Y 5l 5 4
LR R . 32 3D FTEL T 25 (B o, 455 A BE KL 3.5
mm, N #8245 JE 3.0 mmo 7K T8 SEAR A LIS &
K EE, HAERTRIR ST ILER 1, 0

2 AR S R IIR(F 45 om)
Fig. 2 Model feature points and their buried depth (unit:cm)
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Fig. 4 Images of crack models after deviation
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