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Application of digital photogrammetric techniquesin 3D model tests on large
caverns

ZHANG Qian-bing, ZHU Wei-shen, SUN Lin-feng, ZHENG Wen-hua
((Geotechnical & Structural Engineering Research Center of Shandong University, Jinan 250061, China)

Abstract: Geomechanical mode test and numerical simulation play important roles in stability anaysis of large underground
caverns at great depth and under high in-situ stresses. Large-scale geomechanical model tests were carried out under true
three-dimensional stress stete. In order to solve the problem in measurement of small displacements in the surrounding rock
masses, the digital speckle correlation method was adopted. Color marks were adhered on the model surface of the caverns, and
the Photolnfor software system was employed to calculate and andyze the vertica displacement of the crown and the
convergence values of the side walls. Numerical simulation was also conducted using FLAC® software under the same
conditions, and the results of the model test and the numerical approach were compared. The study shows that the research and
the application of the displacement measurement methods used in the surrounding rock masses for large-scale model tests on
caverns under 3D stress field have achieved satisfactory results.
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Table 1 Comparison between physical parameters of prototype
rock and similar materials (average values)
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Fig. 1 Structural steel frame for model tests after installation
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Fig. 2 Excavating subsequence of model tests
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Fig. 3 Layout of cameras and lighting
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Fig. 4 Layout of digital photogrammetric marks

2.5 RS2

(1) HRAEHEAS XA B0 SO M Y g {1, 38 v s
TINA 6 (7] 2 0 38 7577 16 A0 2K~ 7 1] R S 2
FFREAT A IR 1) (1) £ F A

(2) FEATE — /NP IHZTE U » AEI 2 A ET
B10 emiC RS R, FFRE TR L R

(3) FHZERNRI FUE R (s B T, (R 43U
B ERR by S R EISPTR .

. a2
iR

5 REIREPEERSNHE

Fig. 5 Layout of color marks
(A) THEAE— /AR, 46 FINLIZZI R IR 4
sk, Il TR BG RS EFES min/idy, DU H
I oA, AR N —ANETHZZ T, 4G FNLRRE

BEAT ISR
(5) HE FARLE (3 . (4, ARFEIFE
S8
2.6 EMHHTIRR

AR o At A B 1 b FROAE A R 2 ) A ] 2
[ PRI R B A 28 PR EE 51129 0 0.12 mmvpixel, 2 0.1
MG RIS, B AR RS B RSE
0.012 mm, FHEAT 253 At B T 4230 5 (0 RS Y

6 #FRIAENH RS Photoinfor i+ H T2
Fig. 6 Calculation process of Photolnfor software

3 EMNEREHETESERX LR

AT S B b T SRR K ME— B L
| B S R A T I = 4R A, A L 4y
39798 AT AR 35440 AMHn, Wi 7 s, KA
FLAC™ %47 i 40 A7

FLAC?D 3.00
Sepszes Moo 1Pempecme
0530011 Mo Jul14.2008

Fotn:

7 BESTREE
Fig. 7 Model for numerical analysis

PR TR, A SCANER Y 1-1 Wi T 42 58 m B e vt
SRR 2 B AR S5 R A0S B, T 8 ANk 2 o

XTHSP (mm)
035
0.30
0.25
0.20
0.15

0.10
0.05
0
—0.05
-0.10
—0.15

8 FIZEMNE |- BTEALfs =B
Fig. 8 Displacement contour of section I-I after excavation



% 34

SRCEE, A B RO D A K R AR R0 () B 9 451

2 ENERMBETESERI L
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Fig. 9 Deformation convergence of crown of main power house
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