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Stability estimation method of greenschist tunnel based
on increasing-decreasing energy method

SUN Feng, FENG Xia-ting, ZHANG Chuan-qing, ZHOU Hui, QIU Shi-li
(State Key Laboratory of Geomechanics and Geotechnical Engineering, Institute of Rock and Soil Mechanics,
Chinese Academy of Sciences, Wuhan 430071, China)

Abstract: Based on the understanding of geological conditions, tunnel excavation response and the physico-mechanical properties
from laboratory tests of rock, deformation gradation and safety factor of the soft rock tunnel are proposed. Considering that the root
cause of tunnel instability after excavation is the excessive energy of the tunnel native rock; the energy, which is combined with the
ratio of the total deformation and elastic deformation, is used to analyze the stability of the tunnel; and on the basis, the safety factor
is obtained by increasing-decreasing energy of the original rock. Through the practical application and compared with traditional
evaluation methods, the method metioned above is proved to be reasonable and practical. The geological conditions of surrounding
rock, the cross section shape, size, excavation and other factors, which are rarely considered by traditional evaluation methods are
taken into account, so as to supply important references for the underground engineering.
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Fig.1 Stress-strain curves of greenschist in Jinping II
hydropower station under triaxial compression
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Table 1 Deformation gradation of soft rock tunnel

B IR Hip A W4T S IR
B el /el <n EARI N NAREAL, JFEER)E, B
PR RE
. L BARI N NG, LR,
AT my <60 /60 ST RTTRRARG R, W RGETTHE S

SE I
o EARIA A AL, TFHZF LG, AL
PEEGTH n, <efleg <np BATRESkEERE, MEHRETRAH
SE I
HARE), KESURA TR, AR
BB, ISy AT S

IR

a e
&y /g =y

MR 1 Aoy BBl R PR il 15 e 30, WA
SEVET LA M S 3 X, mg s m 0
Al B RAER BIAERA AR TR N T,
I, BlA AT 2aRE, BEAAE R RN
B T, n, G AL T A 2 4R, TR
HAPIUER A IRUENE: T, n, ZIAIN, [
AT HXE IR, TR, S R
TSR T I 2 a2 g, PRAIE A 1R 2 A RE
P BT, BA AT ERRRES, RAERUERL
KRUE 24, WISy, EEAA N fRAE TR
BEHWT I A T2
23 RERZERBHITE

AT RIANRIARTEREE T (¥ BB A P 10 S
W REAT R AITVEAY, ATCTIN T 22 REUT

A~

3 3 E AR S T LU 2 B A AR AN R 5 I AR T
FEPE T HIARIELE, 10728 LG s SR 7T LU o =2
WER A . IR 1, BEUh, R B AL
FELLIE R n, 6, &I AL Tl SR BECIR A 0 (15
HERREE NIRRT RER Q. N Za R
JEA 1o R FLEARTEE Ay  FO N U 4
RugEN Q, Hue Rk T LE N

k=0/0, (4)
A Q Wi B A A AT I IR N J o 4R
Regh.

3 THENH

3.1 IREERENE

B DR oK LS KBS TREAES ] (1) 14635~
1+800. 5] (2) 1+643~1+730 kA K9 Ik Je 1 Fr
SR ER, BN 1500 m A2 AT, VK E A 242 m,
THEIAAE R 13.8 me BUIA T2 5 S50 T 25 cm 7R
B2, FERE G S8 T AN HE AL, B AT E R 6/9 m,
[ EE R 1 m.

HE—FE2 2 )5, WHZIFB W T T #0sH
i, RII BB AR TR, 40 TR B 2 I8 3
T 1.3 m BAL, i LR AR O A B A AR
WK, HIET 0.7 m, BRI KA T B R,

R RT3 B i A7 A 4 AN P 7
FEARTE, IR LR ARSI R . o R )
TH I D2 0A 2 FE it T HoRERe ) e i
I ST B I 2 B, VA W A ) 3 s s
B, AEATAR IR TR KSR T, o
AHLEEIE T 0.3 m, A 1WA TS 4
Ja BT B IS % .

grile A A i = male g5 AR, HN - AR
fHh £ FL A 0 S8 1) N AR s A R AR AE s I B
RO R A e e P e 4, WG TR A9, & T34
POEPEARTENERS . SRle o B 0 SRR R L R B
B, TIRRIMRISAE T, (a5 BRI
5 BRI HIAF & Mohr-Coulomb i 5 #E I 1 28 8L 1)
b, K, @i Mohr-Coulomb A5 i) 4
Ik T B 2 A T T A 2 5 B A1 B0,

3.2 FEAESHRES T

h TR ENZIA B A SIS DL, ARG R
T (1) 14690 b [ W TR A2 B £ s FiAA 3
AR &5 F AT T S8 Y,

R0 it 5 27K HE TR 5 [ K Bl b S ) sz 35
g5, AL 1500 m BEERR BEIE R HIN ik 2.
SO HERME RS (1) 14690 Ab 30 i $ 4142 7
HH R B X 45 R

K2 W RTIKEERS FrE TR BN
Table 2 Geostresses for greenschist
in Jinping II diversion tunnel

O-\ O-L O-; Tw TL: T\z
/MPa /MPa /MPa /MPa /MPa /MPa

-37.64 -4.21 -4.68 -2.84

-32.76 -39.23

|

X

B3 AR ARRR R

Fig.3 The coordinate system used in in-situ stress

5 RE BRI £ 1, e SR 52



5 2 3] P OWESE: LT R IRIA IR AR Ao BRI A E MV T A 471

PE RSSO B S S HE S, R E
PRI E VAR 1S o T8 I S A5 21 0 [ 44 1 o 2% 2
Bl PAMERIE E=1.7 GPa, B2 Jic=2.5MPa,
NEEE M9 =27" .

SIKEER S B R PIEZ . Bar, 5l (D
1+690 Wikt CEAT T E 20 HE, BRI SR
BRI RALEAMBEF AL, 15 0.67 m, AR ik
FT 04 mU b BHEIN, TEEFHERRAZIX
I8 224 2 P g0 AR A T S A ) X, 12 B
FABHIX (R IIAR &5 S 2R W% X SAA B X ek, ki ik
BT 6mbl L, AMgE. #IAEEESFT 8§ m
Ko

BT RSB H, ARSI BT )5 Bl AR
TEFIBAVER S A AT T oF 5, il 5. 6 P, 55K
Bra RN ORI, THE TR s KR AR R AR
ELMBEE, 4 0.68 m, HSLFREEAR—E, A
WEETF ST ARIER T 0.6 m, BXSEBR R ZERK,
oAb R ARG W AGAE 0.5 m AiAT, HSLPhRAR
FEARATT . B 6 rhAABNIX 5 YL R0 EE AL, s1
$3 AL THEAE S S IME R A — 3, HAh A AR ZE A
Ko PLEZRU, T RS EH 4R
5035 SEBR AR TE R 2 Bl DA — 2,
JESEBR TAEM TR EL

0.67

?%%Lﬁj
S DT i

B 4 3| (1) 1+690 WrEHEZ

Fig.4 Deformation of tunnel section 1# 1+690

yaug,
§

775
7

bogs
s
‘V'!.'I'

i
% ,‘0,

Bs5 5l (1) 14690 RIFSHBHHHLER
Fig.5 Deformation results of inversion parameters
in tunnel section 1#1+690

Bl6 [l (1) 1+690 vHEEMEX EHHAZ) R ST 45 R xT LE
Fig.6 Contrast between plastic zone and measured
loosened zone in tunnel 1#1+690

R3 MIIXENESEER T E
Table 3 Parameters of plastic zone and measured
loosened zone

. S1 S2 S3 S4 S5
bEE

/m /m /m /m /m

S 6.9 7.8 7.9 6.8 6.4

VS 6.7 9.5 7.5 8.0 7.8

3.3 RRFEREE N RZERYEKIE

4 Aydan! i, T LLE I % Py =g
SRR E IR A o, 0, My, o HIBRAE
B Ak T v PR HOIRASs (EAE BRI R eI DX 3 N 27
RSB FAE T RBARIE FRORES, s sk A =
W =R I, AU RS N ARG Sy
WA —EG T, ARSCERCT % N 5
5 MPa [ & T B i 25 5t A0, i st
I gt 25 R 4 .

T R B AT G U S T, SRR T 4%
A AR IR T 1 B AR LU I S -

SS

&
n=—=160; 7, =L=231 n,=22=313 (5)
& & &

€ € €

R4 mAaNAELmME

Table 4 Critical values of strain ratio for greenschist
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