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Whole-process deformation laws and determination of stability criterion of
surrounding rock of tunnels based on statistics of field measured data
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Abstract: Deformation of the surrounding rock during the whole excavation process is the basic premise to understand the
evolution mechanism of interaction between the supports and the surrounding rock, which is also an important reference for
stability evaluation of the surrounding rock and design of the supports. On the basis of collecting the deformation of the
surrounding rock during the whole excavation process of 40 tunnels and underground projects, the whole process deformation
and its key nodes, the distribution laws of deformation rate and deformation acceleration of the surrounding rock and the
influencing factors are systematically analyzed. The results show that the advance deformation and basically stable deformation
of the surrounding rock increase with the construction speed and decrease with the excavation radius, while the corresponding
displacement release rates have no obvious correlation. With the increase of the surrounding rock, the advance deformation and
basic stable deformation increase, and the corresponding displacement release rate decreases instead. By improving the Hoek’s
formula, the whole-process deformation of the surrounding rock is fitted, and the goodness of fitting is above 0.95, which can
provide a basis for the solution of loss displacement. The deformation rate of the surrounding rock first increases and then
decreases with time, while the deformation acceleration shows the characteristics of "sinusoidal curve", both of which change
significantly with tunnel radius and construction speed. According to the analysis results, it is pointed out that the deformation
rate of the surrounding rock is small and the deformation duration is long for the large-section tunnels under unfavorable
geological conditions, and the deformation acceleration should be taken as the main index to judge the stability of the
surrounding rock. Furthermore, the determination method for

deformation acceleration threshold is given.
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Table 1 Statistical samples of in-situ monitoring of deformation of surrounding rock during whole excavation process
75 TRELFR Bl 4 SRR /m Wi T3HERE /(m-d ™) Wi T 7k JHYR M
1 K 1% 3 A 8.78 0.80 XU BE S350 v R
2 K22 IR b%IE v 6.50 1.21 Gk HeH
3 Bl fEIE v 6.75 1.30 ELUIeES posiil
4 HIT RS i \Y 9.01 0.89 U EE 4703 gl
5 BT R TE A 6.80 0.20 CRD ¥ HeH
6 I )| PEIE A 7.36 1.20 Bk R
7 = 2 bk \Y 7.30 0.80 U EE 4703 gl
8 BB oK s 1P BRI v 6.50 11.30 47 G
9 R FF R A I 1.98 0.40 Gk BRI
10 PN 3 s 1\ 8.94 2.60 CRD ¥ e
11 YRR E \Y 5.38 1.00 ELIeES I
12 MRS T R 111 10.13 2.13 ELUIeES R
13 [T 47 2 % 1 \Y% 6.15 1.50 ELUIeES Bl
14 At LR Bt 1A Il 1.45 2.00 ESU] R
15 Tono §j™ X 546 T 4T 111 1.20 1.00 ESUIARGR R
16 T BN PR 67 i I 12.5 1.60 Ak TRHE
17 HITAR T T 11 6.01 4.00 Gk BRI
18 FEAT 11155 6 VI 11.42 1.20 CRD % HH
19 FH 22 RS g 1 ik B VI 7.39 1.50 CRD % HH
20 KA 1 f%1E \Y 6.33 0.20 CRD ¥ HeH
21 PN C \Y% 6.50 2.83 ERUIeES Het
22 ] XK HL Sy 3T Il 3.75 1.70 Gk BRI
23 P 88 /K HL Sk 111 11.05 2.10 ELIeES R
24 v L% 3 SR Il 2.91 3.00 S HH
25 WK L 11 9.18 1.54 G YR
26 RV K HL S 111 8.69 1.08 ELUIeES R
27 B HL K L 111 9.13 1.20 ELIeES R
28 Y —3 06 FrBE VI 2.93 1.67 Gk I
29 PRATVE K HL 3 II 9.60 1.63 ELIeES R
30 KUK HL 3k II 5.25 1.74 ELIeES HeH
31 K51 FhgiE \Y 3.50 1.35 ELIeES R
32 VB 7K L 111 20.00 3.00 ELIeES I
33 F) 3z Wk JRE 7K g R A\ 17.20 1.20 Bk R
34 S s L 2 s 11 1.60 5.30 ESU HeH
35 BB — K HL il A 111 6.18 1.50 ELIeES R
36 JbRtHk 14 546 11 b5 VI 3.09 8.40 ESUARR et
37 b SR =y A 11 1.60 2.89 A=W BRI
38 RHSRA X A 111 5.00 2.40 A=W R
39 NS v 4.60 1.70 ES U] R
40 bk 8 52k — 1 \Y 3.15 10.00 SRR HeH

*2 BERETHS BRI

Table 2 Distribution of deformation of surrounding rock of tunnel

(mm)
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Table 5 Fitting results of parameters in equations for deformations of surrounding rock of tunnel during whole excavation process

I WL
TR A B C R’ TR A B C R
3 -1.4539  -1.8059  0.9772  0.9967 1 -0.4594  -1.8073  0.9651  0.9984
8 -1.2871 -2.0215 09721  0.9983 2 -0.6913  -1.4414 09391  0.9896
9 -1.8632  -1.6850  0.9854  0.9960 4 -0.8916  -1.7451 0.9871  0.9896
12 -0.7040  -2.2641 0.9914  0.9919 5 -0.6353  -1.4954 09824  0.9825
14 -2.1503  -1.8791 0.9892  0.9864 6 -0.5113  -1.8774  0.9568  0.9967
15 -0.6059  -1.4078  0.9240  0.9927 7 -1.0168  -1.5416  0.9920  0.9736
16 -0.6586  —1.4892  0.9764  0.9832 10 -0.8437  -1.5464  0.9023  0.9908
17 -1.1605  -2.0263  0.9021  0.9956 11 -0.8885  -1.5004  0.9422  0.9869
22 -1.0088  -1.3291 0.9820  0.9959 13 -0.5404  -1.1848  0.9452  0.9927
23 -2.5022 -1.9714  0.9895  0.9745 18 -0.9643  —2.0672  0.9096  0.9801
25 -1.6989  -1.5805  0.9721  0.9953 19 -1.0684  -1.8992  0.9687  0.9906
26 -1.9203  -1.7946  0.9661  0.9973 20 -0.4555  -1.4946  0.9942  0.9784
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29 -2.1661 -1.9886 09621  0.9934 24 -13618  -1.5102 09106  0.9913
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33 -1.6624  -1.7216  0.9600  0.9993 30 -1.2172  -2.1227 09203  0.9902
35 -1.5154  -1.7250  0.9930  0.9858 32 -1.0591 -1.6750  0.9707  0.9923
37 -2.0478  -2.1904  0.9631  0.9983 34 -13622  -1.7817 09176  0.9980
38 -1.8951 -1.7306 09751  0.9903 36 -1.1503  -1.5897  0.9755  0.9773
39 -22807 22226  0.9731  0.9983 40 -0.7955  -1.1062  0.9041  0.9814

E LA e PR A M2k, et ardt— Dl fls A2

T —fB

PERUREEAT RGT M, JREAF BRI, R

B A AR TE LN RS LR - AE I, i 9 o

(VE: 2505 &

[hx:Z:o &

TRBR RS FEL e AR A T AL T 47 TR T 20 3D(D B
AR EA) ALEAL, FEE TR T4 6D A EAbE
FURGE ;s TAHERRE WIS IS 2D AeTT a4
B, EETINAELY) 4D g RHAR e . Xik—
SRS T RS T8 [ RS = AR N, R
FESE TR R RGE BB, BlA YIRS mif
THER, R DU B BN, AR5
Wiy D, R B Ia s A 2PN F AR R

YT sy
08F
061 musksk
A=-0.6969
04| B=-1.2948 TR
S d=gien AHEIL, PR T SR -
02 C=0.9978 2.2 BREEZETREIM BT

2 4 6 8
[ 37 W B B /D

(a) RELAM

WA HT ST, TR FLE AT Al R i
U P 10 Fror, IS L AR A2 R i Be P () 2
AT I3 M.

5

%

N BB %
E

S

I
|
1
|
|
|
|
|
|
|
1
|
|
|
!
X

(=]
=

B

AAKKAAK EKRR A IRRRAIIKLRRIALKRARAALLRRALL
B3 T BE B x/D ALK BN 5
(b) BN m— S s
—yatan
9 BFEEEEURETHHMEIEER I S

Fig. 9 Fitting results of deformations of surrounding rock of tunnel

during whole excavation process
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