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Table 1 Part of initial scanning data
/ /m 9
(°) 11.5m 11.7 m 13.2m 13.5m °
0 1.21 1.40 2.41 2.43
10 1.16 1.32 2.36 2.33
20 1.10 1.40 2.31 2.32
330 0.94 1.13 2.15 2.12
340 1.21 3.51 2.32 2.32
350 1.13 1.30 2.20 2.20
5.1
36
3 8
Fig.8 Fitting of the three-dimensional contour by
Tis1=Ts 2 =Tss = L16myryp =5, =155 = least squares method for stereo contour fitting
L37m; iy 1 Zri30 273237230 M ryy5 =135, =
Tiss3=2.36 m; (1)
Nmin 0'3 Nmm( 1'7
(2) 36
2 o
2
Table 2 Effective detection values after data 9
. Fig.9 Fitting of the three-dimensional contour by
preprocessing
the present method
/ /m
(2 11.5m  11.7m 132m_ 135m 2
0 1.16 1.37 2.36 2.36
10 1.16 1.37 2.36 2.36
20 1.16 1.37 2.36 2.36
330 0.94 1.13 2.15 2.12
340 1.21 1.22 2.32 2.32 B
350 1.13 1.30 2.20 2.20
5.2
7( a) o
(b)) . 0 .
7
Fig.7 Contours of horizontal sections and
three-dimensional view
5.3

10
Fig.10 Triangulation of the three-dimensional
contour map



3 109

Bezier

6)
;@

R .
2005.
2 . 3D
J. 2006 26(5) : 16-19.
3 D .
2008.
1 4 .TSP203
Fig.11 Texture mapping I 2007 4( 6) : 589-595.
5 .
6 I 2005 24( 24) :
4409-4417.
6
J. 2004 (11):132 151.
o 7 )
Bezier J. 1995 (5):23-25.
Bezier 8 : I
2002 ( 4) : 104-106.
. 9 .
’ J. 2001 (7):12-14.

10 . . 7.

MatLab ( ) 1987 15(3): 117-121.

. D ( : )

A Method for Determining Empty Area Profile Based on
Borehole Ultrasonic Scanning Technique

WANG Jinchao' > WANG Chuan-ying' TANG Xinian'
( 1.State Key Laboratory of Geomechanics and Geotechnical Engineering Institute of Rock and Soil
Mechanics Chinese Academy of Sciences Wuhan 430071 China; 2. University of Chinese Academy of
Sciences Beijing 100049 China)

Abstract: Due to the extremely complex detection environment of empty area in deep underground engineering the
detection data is often limited thus we can only obtain rough contours by conventional fitting method. In view of
this we propose a method for determining the 3-D profile of empty area by using borehole ultrasonic scanning tech—
nique. Firstly we present a preprocessing method for the effective screening of ultrasound scanning data by determi—
ning valid data points and smoothing non-effective detection points; secondly by introducing the second-erder Bezi—
er curve we present a curve fitting method which could cover every single effective detection point favorable for
the fitting characteristics of horizontal sections of the empty area; after horizontal contour fitting we accomplished

( 15 )



Research on Dielectric Property and Interface Reflection Mechanism of
Unsaturated Loess by Ground Penetrating Radar
LU Gao' > YANG Jie' > LI Ning' HU De=xiu' *

( 1. Institute of Water Resources and Hydro-electric Engineering Xi’ an University of Technology
Xi’an 710048 China; 2. State Key Laboratory of Eco-hydraulics in Northwest Arid Region of China
Xi” an University of Technology Xi’an 710048 China)

Abstract: The dielectric property of loess and the reflection mechanism and law of ground penetrating radar
( GPR) wave are studied in this article. Through tests on the relative permittivity and conductivity of unsaturated lo—
ess the inner relation between relative permittivity and three phases ( gas liquid and solid) is analyzed. Moreo—
ver the mathematical-physical relations of relative permittivity versus compaction degree and moisture content are
obtained. The influence of GPR antenna frequency on the moisture content-permittivity relation is also analyzed. Re-
sults suggest that relative permittivity of unsaturated loess is positively related with moisture content and compaction
degree; given the same loess sample relative permittivity is positively related with antenna frequency. In addition

the interface reflection numerical model of relative permittivity versus moisture content is built indicating that echo
intensity of GPR grows with the increase of moisture content. The above conclusions are of guiding significance for

GPR detection of unsaturated loess engineering.

Key words: unsaturated loess; ground penetrating radar; relative permittivity; moisture content; finite-different

time-domain forward; interface reflection

( 103 )

to tunnel structure and traffic safety. Although ground penetrating radar ( GPR) technology has been widely applied
to the investigation of hidden diseases no uniform understanding or systematic conclusion of anomaly features in
GPR images has been reached. In this article we sum up the types and causes of old tunnel diseases and set up
corresponding earth-electricity models to identify anomaly features through forward modeling and comparing the
GPR images with field measurements. Moreover we establish an evaluation system for old tunnel disease by intro—
ducing the concept of membership degree in fuzzy mathematics. Results show that the dielectric constants of lining
crack and cavity are significantly different due to different filling mediums reflected by event dislocation and local
improvement of diffraction patterns. The non-compacted and impervious layer gradually develops into a mixed struc—
ture involving water concrete and residues with multiple reflection interfaces and the corresponding GPR image
is cluttered with local strong reflection. Application practice prove that the presented model could well assess the

safety levels of old tunnels based on GPR detection of potential disease areas.

Key words: old tunnel; hidden diseases; ground penetrating radar ( GPR) ; anomaly features; disease evaluation

system

( 109 )

vertical fitting by linear interpolation based on depth information and acquired computation result and 3-D images
by MatLab software. Subsequently we compared the results with those obtained from other fitting methods and the
comparison suggest that: 1) the borehole ultrasonic scanning system is able to provide effective data for the model—
ing of empty area; 2) the improved Bezier curve is feasible and suitable for the fitting of empty area profile; 3) the

presented contour fitting method based on ultrasound scanning is proved feasible and accurate.

Key words: borehole ultrasonic scanning; 3-D contour of empty area; effective detection point; fitting method;

Bezier curve



