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Discussion of identifiability and optimal measured arrangement for elastic
back-analysis of parameters in underground tunnel engineering
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(1. School of Transportation, Wuhan University of Technology, Wuhan 430063, China;
2. Wuhan Academy of Command, Chinese People’s Armed Police Force, Wuhan 430064, China)

Abstract: Based on complete measurement information, it has important practical value for guiding back analysis practice in
geotechnical engineering to study the identifiability and optimal measured arrangement of elastic back analysis of parameters. Via
planar elastic function of complex variable technique and general elastic theory, the analytic formulas of displacement and stress are
derived; and based on the displacement and disturbed stress solutions for the plane elasticity problems, this paper studies the
identifiability and optimal measured arrangement of back analysis of elastic parameters by use of differentiability condition of
parameters and most sensitive principle of optimal measured arrangement, and uses a simple example to validate the conclusion. The
study shows, based on the complete measured information to carry out elastic back-analysis, the five parameters P, O, M, E and u
can be identified uniquely under condition that the measured arrangement is appropriate and the parameters satisfy the restrictive
conditions. The identifiability of inversion parameters is influenced by the shape complexity of tunnel; and with the shape
complexity of tunnel increasing, the restrictive conditions of the parameters are decreased; the requirement for the measured
arrangement is also reduced. To avoid the substantial fluctuation of inversion results arisen from a small error of measurement data in
engineering practice, the combination of measured points (lines) which has the largest sensitivity coefficient value of each inversion
parameter should be chosen as the optimal measured arrangement based on the most sensitive principle.
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Fig.1 Tunnel under in-situ stress
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Fig.2 Observation points (lines) arrangement
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Table 1 Coordinates and theoretical measurement values
of observation points

; . D A AR I # HeEh 5
W (% 5 4
(r, @) /(10™ m) /MPa
1 (1.5,0.) -7.263 -0.800
2 (2.0,0.) -4.880 -0.450
3 (2.5,0) -3.694 -0.288
4 (1.5,45.) -10.38 8.99x10*
5 (2.0,45.) =7.782 0.000
6 (2.5,45.) -6.226 0.000
7 (1.5,90.) -13.49 0.800
8 (2.0,90.) -10.68 0.450
9 (2.5,90.) -8.757 0.288
10 (1.5,270.) -13.49 0.800
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Table 2 Scheme of measurement arrangement and result of back analysis

A E T R SR R
ES LRSI Mo P/MPa iR%/% Q/MPa #%/% M/MPa #%/% E/GPa  3%E/% pu U
ES 2. 5.8 1. 4. 7. 10 1.40063 0356 1.00063 0.497  0.000 000 225596 0266 0299756 -0.652
FHE2  2.3.5.8.9.6 1 139513 -0.347 0.99515 -0.485 0.000018 224945 -0255 0302031 0.677

EX 2.5.8.9 4, 5.6
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IR 5 B8P, Ov M ERlp . £2 458
R, 7% 2 W REEEIR S BRIV S A, T
T 3 MREE RAMNE—, P=1.627 46 MPa ,
0=1.16297 MPa, M =0, E =2.620 85 GPa,
1 =0.299 382 ;2 —2fiF, HILREAT IEFAT R £
4 [FARENN T3 K 1.044x107 MPa, MZD. @. O
MIXRIRS . B 22 54 8 9 IRARIAALAS K5 5.
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X i is X, 2w sy & s n] 5 ok
UeU'=U*+[-AU,AU]|=U" + AU' (33
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AU APIRBHEIRZE I, AU' =[-AU,AU] . FIH
D) A M BT, AR g3 e o BT B 45 Py O,
M (IR TR

R3 WMRRERH

Table 3 Sensitivity coefficients of observation points

S RIWFE K/ (m/MPa)
Xul Xu2 Xu3

1 -3.459x10* 1.211x10° 0

2 -4.013x10* 1.050x10° 0

3 -3.735x10* 8.923x10* 0

4 4.323x10* 4323x10*  1.556x107°
5 3.243x10* 3243x10*  1.451x107°
6 2.594x10* 2594x10*  1.266x107°
7 1211x10°  -3.459x10* 0

8 1.050x10°  -4.013x10"* 0

9 8.923x10*  -3.735x10* 0

10 1211x10°  -3.459x10* 0
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AN P S 3 4 T, BRI AR BUR AR
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T BRI RIARR R ZE IR TS 1. tHikr]
ML 2 f R LA £ Bl A T S IERA 1
BEAh, XTEETTSE 10 5 ATEH, B IS B EOH A
HE SO AR VDR L o

R4 MBRWAETREXBRSER
Table 4 Scheme of displacement measurement
arrangement and result of interval back-analysis

. . e

R R

P P IRZE (0] IRZE M IRZE
/MPa /% /MPa /% /MPa /%

1. 4.7 [1.377,1.423] 1.65 [0.977,1.023] 2.31 [-0.0257,0.0257]
1.5.7 [1.377,1.423] 1.65 [0.977,1.023] 2.31 [-0.0241,0.0241]
1.5.9 [1.367,1.433]2.38 [0.974,1.026] 2.60 [-0.0270,0.0270]
4.7.8 [1.278,1.522]8.71 [0.631,1.369] 3.69 [-0.1491,0.1491]

T S

1.4, 7.10[1.377,1.423] 1.65 [0.977,1.023] 2.31 [-0.0257,0.0257]
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