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Reconstruction method of 3D element mesh models for unfavorable
geology based on CT technology

WANG Qiming, CHE Ailan
(School of Naval Architecture, Ocean and Civil Engineering, Shanghai JiaoTong University, Shanghai 200240, China)

Abstract: The stability of rock and soil under the unfavorable geological conditions has attracted wide attention in
underground space engineering. A reconstruction method of 3D mesh model of unfavorable geological conditions
based on CT detection technology was proposed to establish a reliable analysis model to do analysis and
prediction of the stability of rock and mass. In this method, a 3D visualization model of elastic-wave velocity is
obtained by performing numerical simulation of elastic-wave CT detection and block Kriging interpolation. The
peak value formula is used for material threshold segmentation, and the 3D mesh construction and material
property mapping are used to form the 3D grid model in target region. By comparing the reconstructed
three-dimensional grid model to original model, the results show that the simulation degree of the reconstructed
model is as high as 91.44%, and the absolute error of the volume fraction is 3.33%. On this basis, the field test of
elastic-wave CT detection is carried out for the bridge foundation location area, and the 3D mesh model of the

region is reconstructed and verified by coring. The simulation degree is greater than 84.31%, and the absolute
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error of the volume fraction is less than 2.45%. The method has high modeling accuracy and can accurately reflect

the spatial distribution state of bad geological bodies, which has important scientific significance for evaluating

poor geological stability.

Key words: geotechnical engineering; unfavorable geology; elastic wave CT; 3D element mesh model;

reconstruction method; simulation
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Fig.19 3D mesh model



e 10

HA1E S TR

2019 4F

YZ001 PRFL A E 43R ZN 1.11%, HEEN
90.80%, J&iEfL YZ002 AARFR 43 H 4 5 1% 72 N 2.45%,
i EHN 85.31%. RIBREBIMATREINGETAN, OFF

21.60m =
22.30m 22.00m 32 200 22-00m 5]
~= 2 O0m g
24 30m 23 80m %3.60131
2480m 24.60m 2430m T,
2540m 55 ¢ 26.00m =1
27.40m 27 60m X
FAgyrsy
ﬁﬂﬁﬂﬂ
A A A
A A
ﬂﬁﬂﬁ
AAA
33.40m =]
33.90m 33.80m 24
= i —]
| —1
ABAA 36.40m I —
36.80131—'_—5 _: |
CT— 5 —
_| | IEIM}S 40 - _|
= L
FT— —
= FT—
CT— —
— ] ET—
n |_| —
— - | —1
1= 45 90m =1
L |_
ﬂ
49 00m-_—T 49 00 m

A oo Dxa on [Jee an

20 BUSXT G

Fig.20 Core comparison diagram

TR oA 5 Z RS AR T AT B, AT BLAK, 3.33%.

ZITERA B R EBRN L, REMER WA Rt 5
22 [ AR

(1) AT THT CT A A R 57
P 3 = 24 X R A TR ) 7 ¥ 12T VAR FE SR CT
PRINAZ A, S PRI 45 ST = 4 vT WA I IR A AL 22,
HFAS [T = 4RSS, SB[ b o )
SREHEMTNG S

(2) ZJ7iEAF, XHub Kriging 6 {58 1T 20 d 4
(BT GORT B OB o, S T AEAE S U e XA R R

s (R

AV

BB EE R TV RO B2 o S5 RARH . ) B A
() = ZE A AR S TR R AT S L iy, SRS
R B ik 91.44%, MBI B 4 xR 72

(4) JPRE 7 HrRIALAVE AL X SRS CT FRIBL

s, xoF HAA AN R 35T =2 PR AR AT HOE
WA, BRESDATREUNETAN, SRR A
ZYEMUAS AR IE AR N, IR B2 VA B

B AR .

S+ TR B, TREE o =4k
PRSI S L PR SR MOR sy, B3R CT IR
DA 1) = 24 A 7R A g 92 AT e e O HE B
Lot ERR @ T, Oy TREAR E P I it 1
— R RV T i

FERIREM,  ARAT s e e X el s B M i
IR, D iR =Y AR R AR .

(3) AP A BB, JF AR CT
DR HIF AT = 4E PR Y A, A S = A%

(11 JeBk, #Eal, &

Mechanics, 2018, 35(1): 1 - 54.(in Chinese))

BE ik (References):

o, & s E ] TR, 2018,
35(1): 1-54.(LONG Yugiu, CUI Jinghao, YUAN Si, et al. Build

‘Chinese Dream’ with the Assistance of Mechanics[J]. Engineering



38 %

FJA AR F T CT RN EORAIAS R SR I = 2k A% A5 R A 77 0%

o]

[2]

(3]

(4]

[3]

(6]

(7]

(8]

(]

bR, B TR ek R TR S A5 SR I B R S
Jim[I]. BEIEE#, 2017, 37(3): 251 - 263.(QIAN Qihu. Main
Developments and directions of geological prediction and informatized
technology of tunnel construction[J]. Tunnel Construction, 2017,
37(3): 251 - 263.(in Chinese))

FRA, B, B &, 5 BEIORREBRMES K. HIT
HERL 9B S R RGIAHID]. BA 1S TSR, 2018,
37(5): 1041 -1 069.(LI Shucai, XU Zhenhao, HUANG Xin, et al.
Classification, geological identification, hazard mode and typical case
studies of hazard-causing structures for water and mud inrush in
tunnels[J]. Chinese Journal of Rock Mechanics and Engineering,
2018, 37(5): 1041 - 1069.(in Chinese))

FETE, T2, 3O, 5 FLNFER CT BORTER L XL T
RAE SRR TII]. PEACHbE 4R, 2011, 33(b08): 335 - 339.
(WANG Qiannian, CHE Ailan, GUO Qiang, et al. Technology of
Borehole Sonic Computer Tomography and Its Application on Survey
of Underground Cave[J]. Northwestern Seismological Journal, 2011,
33(b08): 335 - 339.(in Chinese))

Z o, WEME, KER, & TV CT BORIE AR
M50, CT Be 5B AWFST, 2015, 24(5): 681 - 688.(LI Gao,
ZHENG Xuhui, ZHANG Baojun, et al. A Detecting Method for Rock
Mass Fracture Based on Elastic Wave CT Technique[J]. CT Theory
and Applications, 2015, 24(5): 681 - 688.(in Chinese))
DERE, M, FEE, & ERFN T A A LRZ VR
SIHTPRA RN BRG], B 15 S TREAR, 2008, 27(9):
1741 - 1 756.(FENG Xiating, ZHOU Hui, LI Shaojun, et al. System
of Intelligent Evaluation and Prediction in Space-time for Safety of
Rock Engineering under Hazardous Environment[J]. Chinese Journal
of Rock Mechanics and Engineering, 2008, 27(9): 1741 -1 756.(in
Chinese))

PREM. AT HEH CT FBM=4EMD]. WZREKE,

2003.(YAO Guopeng. Bone 3D-reconstruction Based on CT Image[D].

[Ph. D. Thesis][D]. Xi'an: Xi'an Science and Technology University,
2003.(in Chinese))

HUANG M, LIY. X-ray tomography image-based reconstruction of
microstructural finite element mesh models for heterogeneous
materials[J]. Computational Materials Science, 2013, 67: 63 - 72.
BHouk 5 ¥ £, S BT ZHBOUHRMBR U 2 4k
BEFRRRATIIN]. RIBEREFM: ARBHERR, 2018, 46(1): 60 -
66.(HUI Bing, GUO Mu, WANG Zhou, et al. Multi-dimensional Index
Detection of Potholes Based on 3D Laser Technology[J]. Journal of

Tongji University: Natural science, 2018, 46(1): 60 - 66.(in Chinese))

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

Mook, #ELM, # L BT CT 365 3D T HEARME A=
Yk 2K S TR ERIR D). B 0%, 2017, 38(8): 2297 - 2 305.
(TIAN Wei, PEI Zhiru, HAN Nv. A Preliminary Research on
Three-dimensional Reconstruction and Mechanical Characteristics of
Rock Mass Based on CT Scanning and 3D Printing Technology[J].
Rock and Soil Mechanics, 2017, 38(8): 2297 -2 305.(in Chinese))
DING Z, SUNJ, ZHANG Y. FCM Image Segmentation Algorithm
Based on Color Space and Spatial Information[J]. International
Journal of Computer & Communication Engineering, 2013, 2(1):

48 - 51.

FAKIR, BN, RIEW, &5 G TR A M AR = Y < R s
I B ATACTTA]. & A IS TR, 2012, (3 2): 3482 -

3 490.(MENG Yongdong, CAI Zhenglong, XU Weiya, et al. A method
for three-dimensional nephogram real-time dynamic visualization of
safety monitoring data field in slope engineering[J]. Chinese Journal
of Rock Mechanics and Engineering, 2012, (Supp.2): 3 482 -3 490.
(in Chinese))

CHEVALIER Y, PAHR D, ALLMER H, et al. Validation of a
voxel-based FE method for prediction of the uniaxial apparent
modulus of human trabecular bone using macroscopic mechanical
tests and nanoindentation[J]. Journal of Biomechanics, 2007, 40(15):
3333 - 3340.

GILBERT D, MORTAZAVI I, PILLER O, et al. Low dimensional
modeling of Double T-junctions in water distribution networks using
Kriging interpolation and Delaunay triangulation[J]. Pacific Journal of
Mathematics for Industry, 2017, 9(1): 1-19.

BRI, FZMR, AL, &5 BT CT BBIKEL IS 2 U
=AMtk k. S5 52k, 2018, 40(2): 140 - 147.(ZHONG
Jiangcheng, ZHOU Hongwei, REN Weiguang, et al. A Three-value-
segmentation Method of Coal Containing Inclusion Based on Gray
Distribution of Computed Tomography Image. Mechanics in
Engineering, 2018, 40(2): 140 - 147.(in Chinese))

JiOEL KHE T, BB, S BT ES R R R AR =
e ERFIE]. PR R HAARIEERR, 2012, 43(7): 360 -
367.(WAN Cheng, ZHANG Xiaoning, HE Lingfeng, et al. 3D
Reconstruction Algorithm of Asphalt Concrete Based on Real
Microscopic Scale[D]. Journal of Central South University: Science
and Technology, 2012, 43(7): 360 - 367.(in Chinese))

FRIE. JRHER CT HoR RILAE Bk it a1 B 94 b ST [D]. R
K%, 2014.(ZHANG Lianwei. The cross-well seismic ct technology and
its application in railway karst survey[Ph. D. Thesis][D]. Tianjin:

Tianjin University, 2013.(in Chinese))



