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Uniqueness of Displacement Back Analysis for Transversely Isotropic Viscoelastic Rock Mass
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Abstract : In order to study the uniqueness of the displacement back analysis of isotropic viscoelastic rock mass, an analytical solution for
the radial displacement of a circular roadway in a transversely isotropic viscoelastic rock mass was derived from the principle of elastic
and viscoelastic correspondence principle. The uniqueness of the back analysis of displacement in transverse isotropic rock mass was
studied according to the identifiable conditions of parameters. The results show that only knowing the displacement of the measuring
point can not uniquely invert all the parameters. It is possible to uniquely invert other rock mass mechanical parameters only when at
least 3 parameters are known in advance. The values of the vertical ground stress and the transverse ground stress have a significant
influence on the identification of back analysis. The fewer the parameters to be solved, the more recognizable the parameters
are. The initial ground stress parameters have the best identifiability, followed by Poisson’s ratio, modulus of elasticity and
viscosity coefficient on the isotropic surface, and the modulus of elasticity and viscosity coefficient normal to the isotropic
surface are the worst. The research results provide a theoretical basis for the back analysis calculation of rock mass parameters.
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Table 1 Uniqueness of back analysis when 3 parameters are known

% P q E # 7 E’ 7 RS R

1 ? ? ? ? NG NG NG At — p=q B R=3;p7#q Bt R=14

2 ? ? ? NG ? Ni Ni 2 Al — p=q W R=2;p7#q W R=4

3 ? ? ? NG Ni ? Ni 2 il — p=q W R=2;p7#q K R=4

4 ? ? ? NG NG NG ? A — p=q B R=2;p7#q Bt R=4
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7 ? ? N Ni ? ? N 2 At — p=q W R=3;p7#q W R=4
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Table 2  Statistical results of back analysis

when 3 parameters are known

T R S AN — FAfuE—  ZaxdofE—
p 20 1 19 0
q 20 1 19 0
E 20 1 19 0
P 20 4 16 0
7 20 1 19 0
E’ 20 4 16 0
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Table 3 Uniqueness of back analysis when 4 parameters are known

TR p q E P 7 E’ 7 S B R R
1 ? ? NG NG NG NG S Aot — p=q W R=2;p7#¢ W R=3
2 ? ? NG ? NG N/ N 2 % o — R=3
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10 ? N N ? ? NG N 2 5%} Ak — R=3
11 ? N NG ? N/ ? N/ A — p=q W R=2;p7#q Fg=0MH R=3




172 g LR L5 A 2025,45(1)
(%40
% b q E 1z 7 E’' 7 453 B 4 bR 2
12 ? N N ? N N ? FAME— p=qWfR=2;p7#q Kq=00f R=3
13 ? N N N ? ? N FAFE— p=q Wt R=2;p7#q Kq=00f R=3
14 ? N N N ? N ? F A — p=q M R=2;pFq Hq=0Hf R=3
15 ? N N N N ? ? F AP — p=qifR=1;p7#q Kq=0Hf R=3
16 N ? ? ? N N NG 24t %6f Hff— R=3
17 N ? ? N ? N N/ FArE— p=q W R=2;p7#q K p=0H R=3
18 N ? ? N N ? N F i — p=q Wt R=2;p7#q K p=0HK R=3
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20 N/ ? N/ ? ? N/ N 2 %of W — R=3
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Table 4  Statistical results of back analysis W du, /9 p Vu, /g du,/IE du,/dp FMou /OE
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Table 5 Uniqueness of back analysis when 5 parameters are known

%5 P q E P 7 E’ 7 5 B 45 1 TR

1 ? ? NG NG NG NG N/ 2 %o} i — R=2

2 ? N ? N NG NG Ni 2 %} A — R=2

3 ? N N ? NG NG Ni 2 5%} i — R=2

4 ? NG NG NG ? NG N/ i %o} iff — R=2

5 ? NG NG NG Ni ? NG Sl — p=qWR=1;p7#q HKqg=0" R=2

6 ? N N N Nj N ? S Ao — =¢ M R=1;p#q K q=0H R=2

7 N ? ? NG NG NG J 2 %} ik — R=2

8 NG ? NG ? Ni Ni N/ i %o} iff — R=2

9 NG ? NG Ni ? Ni N i %o} i — R=2
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16 N/ N/ J ? ? Ni Ni o X} i — R=2
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19 N/ N/ N/ Ni ? ? N S Ao — p=qMWR=1;p7#q H p=0 ¢=0 M R=2
20 N NG N N/ ? N, ? A I — p=qWR=1;pFqHp=08 ¢=0H R=2
21 J J N ~ N ? ? A — p=q B R=0;p7Fq B p=01 ¢=08 R=2
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Table 6 Statistical results of back analysis

when 5 parameters are known
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Table 7 Uniqueness of back analysis when 6 parameters are known

Y5 P q E P 7 E’ 7 LS R
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Table 8 Statistical results of back analysis ME— LB D 1.6 NE A, BRSSPl L, AH Y

when 6 parameters are known iﬁ(%’ r'lj—J IEJ ﬁiﬁgﬁ ﬁﬁﬁi iﬁ‘ﬁﬁiﬁ %Q@Kﬂ[iﬁ j][] {EI

4 5 2 3 Ru— IR~ onfrE— AN YN i it 11.9 ANTI 43 5 L 1

LN REC e R e 57 0 B PR — L 8 T GEY

; 1 - - : BT 5 B 1 B R —

q 1 0 0 1 ®9 EHHPERIILL

E 1 0 0 1 Table 9 Comparison of two material models
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Fig.3 Measuring point arrangement of roadway
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Table 10 Displacement values of measuring point

W L% fi Bt fiFe & X2/ AEXER2E/
{f/m {/m m %
C1(2,0% 0.272 0.267 0.005 1.8
C2(2,45%) 0.150 0.153 0.003 2.0
(3]
x11 HMEAHNRSHER
Table 11 Results of displacement back analysis
for initial ground stresses
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