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STUDY AND APPLICATION OF INVERSE CONTROLLING TECHNOLOGY
FOR 3D GEOMECHANICAL MODEL CONSTRUCTION OF
UNDERGROUND ENGINEERING

LI Zhongkui, WANG Aimin, WANG Kezhong, LIAO Yi, FU Shengyao
(State Key Laboratory of Hydrosciences and Engineering, Tsinghua University, Beijing 100084, China)

Abstract: As an important research method, geomechanical model test is used to analyze the deformation and
stability state of rock engineering and underground engineering. Construction technologies of the model often
determine the feasibility of the model test and the credibility of the result to large extent. The controlling
technology for 3D geomechanical model has been researched, through introducing two three-dimensional
geomechanical model tests; how the bulk density grows as the depth increases in the inner model was studied by
taking samples on in-situ tests with different depths, which were constructed and controlled by the fixed volumes
of the materials of the models. A design and construction method is suggested; the bulk density of model material
reduces as the depth increases by the so called inverse controlling method, which was carried out in another
three-dimensional model test of the subway station extended from shield tunnel. The results of sampling taken
from in-situ of the model test show that constructing model by this design method is available; and the density and
property of the model material are uniform and stable.
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Fig.1 Dimensions and shape of the physical model
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Fig.3 Curve between bulk density and depth
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Table 1 Relative compression with depth by fitting curve

RElem AR s 4 2%
15 —1.7
45 —1.0
75 —05
105 0.0
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Table 2 Bulk density changes with different depths(model
constructed with 7 layers)

HHS T2 /(g + cm %)

R

m M 2 3k 4k s e T
0.85 195 1.930 1946 1956 1961 1963 1.963 1.963
0.50 165 1.914 1930 1.940 1.944 1946 1.946
0.23 135 1.904 1.921 1930 1.935 1.937
0.12 105 1.900 1.916 1.926 1.930
0.00 75 1.898 1.914 1.924
0.00 45 1.898 1.914

15 1.898

BRI RS2y - TR I 4 PR, #
LR L N FE RN R HER LIRS 7 S 2 2 )% - 1.93
glem®, Fr sz 168 kiim®. ##EE 2 FiR
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Uy - FERE g, ST EGUE R ) 7 5L T RARAR AL
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Fig.4 Relation curve between bulk density and compactive
effort
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Table 3 Compactive effort acting on different layers
(controlled by fixed volume)
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Table 5 Compactive effort transfer on different layers
(controlled by fixed volume)

R ALK - m )

#EElem

15 2 3)2 4)F 5 6)F T1)2
195 00 60 40 20 05 00 00
165 60 30 1.0 10 00
135 50 50 1.0 00
105 6.0 4.0 3.0
75 60 3.0
45 6.0

15

ALk + m3)

WEEfem
15 2% 3)F 4)F 5 6 1)
195 168.0 1740 1780 180.0 180.5 180.5 1805
165 162.0 1680 1710 1720 1730 173.0
135 158.0 163.0 168.0 169.0 169.0
105 156.0 161.0 1650 168.0
75 155.0 161.0 164.0
45 155.0 161.0
15 155.0

® A4 BBHUR L) B R R G EE )
Table 4 Total compactive effort for each layer(controlled by
fixed volume)

92/ (kd » m %)

TR
BB EHAEME
1 0.0 168.0
2 6.0 168.0
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4 10.0 166.0
5 115 166.5
6 12.0 167.0
7 12.0 167.0
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Fig.5 Relation curve between bulk density control and
depth
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Table 6 Compactive effort calculated for different layers
(based on Table 3 and Eq.(3))

HLT(kd » m )

B lem

12 22 3F 42 52 6

180 155.7 1615 1654 1675 168.0 168.0
150 1553 1613 1654 1675 168.0
120 1555 1616 1658 168.0
90 1574 1636 168.0

60 1615 168.0

30 168.0

RT o TR SR I AR e 40 A
B S2 Ty, AT RER A% K)o S 2h (A

RT W& E T AR
Table 7 Total compactive effort for different layers by
inverse control method

LTIk » m )

LA
B AR
1 0.0 155.7
2 5.8 161.1
3 9.9 165.5
4 12.2 169.6
5 13.1 1746
6 136 1816

YA 4 ek, 55 12 BERE A, XN

SELy ERUE K 155.7 kI/m®, 4436 3R B s
Ky 0.0, FHHFERIETSEIN 155.7 kiim®, i
% 1.899 glem?®,

W2 JFIHSLE RN, XN TSz BARE A
155.3 kI/m®, {33 N RN TSl 5.8 kim?,
PSRBT ST 1611 ka/m?, $541 35 % S 1.915
glem?®.

B3 JRIHBL W, XN sSE D BRRE N
155.5 ka/m®, AL 5 R ENZ K E T2 Th A 9.9 ki/m®,
FSHER sz h 165.5 kIim®, #sih|28 5 4 1.927
glem?®,

B4 JFIHSLE RN, XN s D) BARE N
157.4 KIm®, A3 FENZ AT SEThh 12.2 kim?,
FHMFER Szl 169.6 ka/m®, ¥ihl#5 5 1.938
glem®,

W5 JFIHE RN, XN TSz BARE A
1615 kIm®, A3 NEMNZE RS Lhh 13.1 kIm?,
PSRBT ST A 174.6 KI/m?, 42835 3 4 1.951
glem?®.

6 RGN, XN sE T BARE N
168.0 kIm®, L33 ENZE (KA Th h 13.6 ki/m?,
FHSHER sz Tk 181.6 kIIm®, #sih|25 5 4 1.967
glem?®,
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