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Research on detection technology for deep tunnel surrounding rock loose circle
and numerical simulation analysis

XU Kun, WANG Zhi-jie, MEMG Xiang-lei, SUN Chang-sheng

(1. Key Laboratory of Transportation Tunnel Engineering of Ministry of Education, Southwest Jiaotong University, Chendu 610031, China;
2. School of Civil Engineering, Southwest Jaotong University, Chengdu 610031, China)

Abstract: Surrounding rock loose circle support theory has been widely recognized and accepted by engineers, how accurate and fast
detection loose circle depth better for engineering services become all issues of concern, the new Lan-xin railway girder tunnel based
on field test, the test section of surrounding rock loose circle depth by single-hole sonic test method, the ground penetration
radar(GPR) for detection and combining with the ground stress and physical and mechanical parameters of rock mass according to
the result of the benchmark for the numerical simulation analysis shows that with single span acoustic test results for reference, GPR
test results and acoustic method test results are basically the same, in the surrounding rock water area test results in some deviation,
geological radar emit electromagnetic fields to water area is relatively sensitive, transmit and receive interference is bigger, but the
geological radar as a rapid and nondestructive detection method should be strongly applied: Due to the numerical calculation of
surrounding rock loose blasting without considering the influence of the circle, the calculation results are slightly smaller that ones
obtained by the acoustic detection, but the trend is basically consistent. Numerical calculation should be based on the
physico-mechanical parameters of rock mass stress and according to the test results, so as to make the results of calculation more real
and better for the decision of project service.
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Fig.2 Sketch of single span test method
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Fig.3 Single span test method of field test

X K s 1 K AR LR B DK331+810~890 St
IEH 6 AT, 7ok DK331+820. DK331+
830 . DK331+840 . DK331+850 . DK331+860 .
DK331+870. FEALRMIABIPE 45 R WA 1, Hrp
FEABTIARE T 25 AN 2okt 5 AN
FLo
222 HRTEIETL

1) FEI i 2

bR A — i BRI A AR )

R1 AFLIREF PR BR R

Table 1 Results of single span test method of acoustic test

o R R
e e,

/m /(m/s) /(m/s)
DK331+820(A) 2.32 2 690 5345
DK331+820(B) 245 2745 5569
DK331+820(C) 2.68 2853 5897
DK331+820(D) 2.41 2 699 5412
DK331+820(E) 2.65 3011 5562
DK331+830(A) 241 2 895 5413
DK331+830(B) 2.55 3256 5798
DK331+830(C) 2.47 2931 5 894
DK331+830(D) 2.59 3 546 5567
DK331+830(E) 2.71 3254 5497
DK331+840(A) 2.36 2987 5353
DK331+840(B) 2.49 3121 5461
DK331+840(C) 2.54 3256 5569
DK331+840(D) 2.87 3356 5879
DK331+840(E) 2.61 3568 5901
DK331+850(A) 2.44 2989 5568
DK331+850(B) 2.59 3254 5367
DK331+850(C) 2.46 3396 5697
DK331+850(D) 2.68 3102 5901
DK331+850(E) 2.74 2991 5978
DK331+860(A) 2.55 3524 5468
DK331+860(B) 2.68 3265 5302
DK331+860(C) 2.74 3341 5567
DK331+860(D) 2.71 3421 5324
DK331+860(E) 2.56 2907 5539
DK331+870(A) 241 3 464 5678
DK331+870(B) 2.68 3879 5142
DK331+870(C) 2.65 3458 5754
DK331+870(D) 2.74 3474 5369
DK331+870(E) 2.69 2962 5505
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Fig.4 Principle sketch of ground penetration radar
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Fig.5 Ground penetration radar site test plan
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Fig.6 Ground penetration radar test loose circle waveform
accumulation diagram
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Fig.7 Ground penetration radar test loose circle field
test photos
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Table 2 Results of ground penetration radar test
surrounding rock loose circle

WrintiAE  #DUm ZefB/m ABUE/m ZEE/m A7 m
DK331+820  2.39 2.41 2.72 2.35 2.67
DK331+830  2.32 2.51 2.45 2.60 2.75
DK331+840 2.3l 2.54 2.51 2.82 2.66
DK331+850  2.47 231 251 2.37 2.69
DK331+860  2.29 2.35 2.43 2.72 2.51
DK331+870  2.38 2.71 2.61 2.70 2.73
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Table 3 Comparison of the results of single-hole sonic
testing method and ground penetration radar test for
surrounding rock loose circle

. WRARLE Rl BRI Tk 5 Bk
Y
/m /m /m A ZE {8 /m
HETR 2.32 2.39 0.07
Frft 245 2.41 -0.04
DK331+820  AiftjE 2.68 2.72 0.04
il 2.41 2.35 -0.06
VEpUE: 2.65 2.67 0.02
HETR 2.41 2.32 -0.09
Jr 2.55 2.51 -0.04
DK331+830  AiftjE 2.47 245 -0.02
il 2.59 2.6 0.01
PEpUE: 271 2.75 0.04
HETR 2.36 2.31 -0.05
Frft 2.49 2.54 0.05
DK331+840  fiftjE 2.54 2.51 -0.03
il 2.87 2.82 -0.05
VEpuE: 2.61 2.66 0.05
HETR 2.44 2.47 0.03
Frft 2.59 2.31 -0.28
DK331+850  Aifts 2.46 2.51 0.05
il 2.68 2.37 -0.31
VEpuE: 2.74 2.69 -0.05
HETR 2.55 2.29 -0.26
Frft 2.68 2.35 -0.33
DK331+860  AiftiE 2.74 243 -0.31
il 2.71 2.72 0.01
PEpUE: 2.56 2.51 -0.05
HETR 2.41 2.38 -0.03
Frft 2.68 2.71 0.03
DK331+870  AiftjE 2.65 2.61 -0.04
il 2.74 2.7 -0.04
VEpuE: 2.69 2.73 0.04
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Table 4 Material physico-mechanical perameters

e WA EFQ} R MBS WAL
/GPa (kN/m’)  /MPa £°)

Jem KA 1.5 26.0 0.201 32 0.40

BARE 1] 0.24 20.5 0.020 21 0.40

T 0.5 22.0 0.062 27 0.35

B S A 272 220 0.25

./ eiry) 31.0 25.0 0.20
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Fig.8 Three-dimensional numerical model
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Table 5 Comparison of single-hole sonic testing
method and the numerical calculation results of
surrounding rock loose circle

N WRARLE PR B S BUE RS R
Y
m /m /m VLMK Z A /m
HETR 2.32 2.17 -0.15
Frft 245 2.32 -0.13
DK331+820  A7#tf 2.68 2.51 -0.17
Sk 2.41 2.26 -0.15
PEpUE: 2.65 2.51 -0.14
HETH 2.41 2.24 -0.17
Fr ikl 2.55 2.40 -0.15
DK331+830 A7t/ 2.47 2.31 -0.16
Al 2.59 2.41 -0.18
PEpUE: 2.71 2.56 -0.15
HETR 2.36 223 -0.13
Frft 2.49 2.34 -0.15
DK331+840 A7t/ 2.54 2.37 -0.17
JeiikG 2.87 2.72 -0.15
PEpUE: 2.61 2.43 -0.18
HETH 2.44 2.29 -0.15
Frt 2.59 2.41 -0.18
DK331+850 A7t/ 2.46 2.31 -0.15
Al 2.68 2.50 -0.18
PEpuE: 2.74 2.59 -0.15
HETH 2.55 2.43 -0.12
Frft 2.68 2.55 -0.13
DK331+860 A7t/ 2.74 2.55 -0.19
Sk 2.71 2.56 -0.15
VEpUE: 2.56 2.40 -0.16
HETH 2.41 2.29 -0.12
Frft 2.68 2.53 -0.15
DK331+870  A7#tf 2.65 2.54 -0.11
Sk 2.74 2.57 -0.17
VEpUE: 2.69 2.54 -0.15
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