55 49 % 55 3 0] IR B ¥5HK Vol. 49 No. 3
2017 45 J1 ADVANCED ENGINEERING SCIENCES May 2017

KFlE L ARTH DOI:10.15961/j.jsuese.201600338
EERUCYE M ERSE BT EFETRE

R, E AT EAE R &% F,0ER, E &
(EFERR2E B R F 7% Sl F R E A 05 =, FHEK 400044)

& B ATREE AR A AT R R K AR, S BGE S A T R K A S T DL
A HY R AL R A R E SR B IR AR K I A A FHGT %  FEL S 19 et B TR 199 52 00 >R FH a3 A B A 25
B AT B A E AR ], B 5, SEA TR R /K ) B8 A R 5, B b A sl iR ks e
FR KR AR R b 43 301 598 7K I 8] 22 ) ) R £ 56 2R 5 70 SRR & 512 /K )R] B2 JATA BL 5 R K B[] /Y
SERCRT, GIA RN REONE KRB, @7 AR 2800 7 72 SR G, 3T 20 B 15 Sl X R ok 38 5 1
fiff, 5 3 TR X R Tl 1) 2 P SR A S R I 2 T A TG SRS T A RS N 2 A R R S R Ay
R AL RS A 2, ARAT 5 IR 1 1 25 T B 8 o e Ja , AR B it v o | A IR 125 5 0 P11 e 76
(B, ST 25 PR AR AU 1) % 2 FB1 2 1 e i ) g A A AR A R 2 SR T TR R TR R A R R A A Ak
R, BRI A R () 5 76 BRI 2 () OC R IR L 48 IR A TIE AR I, AR R v [ R [ B 4 S B0 AR AR
5 5e R DUARAE , B HAG A 1A RPN TR AL L R T A R A Y AR R, B S i A R e B A A
HiE AT AN A

KHBEIR): ARG E]; A AR s Ffk s BE B R 5 TR RIS A A

Hh[E 5> 25:TU443 XK FRRRRS A XS :2096-3246(2017)03-0068-08

Analytical Model for Stand-up Time of Rock Mass Surrounding Tunnel with
Consideration of Softening Effect

WU Jianxun, REN Song *, FAN Jinyang, CHEN Jie, LIU Wei, DENG Gaoling, YUAN Xi

(State Key Lab. of Coal Mine Disaster Dynamics and Control, Chongging Univ., Chongqing 400044, China)
Abstract: The existing analytical solution of stand-up time neglected the softening effect of underground water,which resulted in overestimating
the surrounding rock quality.This paper focused on the softening effect of water on stand-up time for the gypsum rocks with typical softening
characteristics. The research method combined the softening test results of gypsum with the axisymmetric circular tunnel elastic theory.Firstly,the
softening test of gypsum with different soaking time was carried out;thus,the absorption,elasticity modulus and Poisson’s ratio changing over
soaking time were obtained,respectively.The integrality index and water content coefficient were introduced into the quantitative relationship
between the elasticity modulus and the soaking time and that between the Poisson’s ratio and the soaking time; thus,the softening equation of
mechanical parameter of rock mass was obtained.Then,based on the elastic solution of axisymmetric circular tunnel and the influence of tunnel
face,the displacement formula of tunnel free face without supporting effects was developed.Then,the softening equation of mechanical parameter
of rock mass was embedded into this displacement formula;thus,the displacement solution of free face considering softening effects was
obtained.At last,the analytical model for stand-up time of rock mass surrounding tunnel with consideration of softening effect was established by
introducing the active span and the critical displacement value into this displacement solution.This model takes into consideration the engineering
features of rock mass,the mechanical performance of rock,and the softening behavior of rock.Moreover,it is able to show the relationship between
the stand-up time and the active span.This model was further investigated by self-consistent analysis,which showed that the variation rule of each

parameter accorded with actual situation and the self-consistency was met.This model was employed for the Lirang tunnel,which indicated that it
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is practical for in-site application.

Key words: stand-up time;rock mass classification;softening;tunnel stability;active span;gypsum rock

Bl 5 o e I i TR a5 0 B B 4 R 4R
b, X T Tk it AA EEE R E L FlS
Sy, A AR R T — 09 25 A B A AR,
RENE & A I SRAE AR T &, 5200 42 07 i ik 3 T
TR ERET [A] BT H . | S v A e B S AP B HIL R
FE o N T ARRIR M B PRI R T, AR AN AR f e
PR B RHFIR AT bR, R — R TS H AR i A B

H & i 1) B 5 0 T Lauffer B 25 1A 0 & 1) 43
% . Lauffer K IMAEAL B LA E I AAE T, ARET R 2B
5 BRI 3 B 1 T B /NG Barton 25 U5 s %
R R T B S A R 8] ¢ &% A AR i & E AT
PN . Bieniawskil® #RHERMRIA 2, BF58 74 F 4
IS I 5 6 S 4 B B 1 06 2R o Myer 45 OTRIF 9 T 4 3k T
VE T RUSE R T 42 38 B 3 A2 ) (8] A9 52 1 . Nguyen
2t VR T A0 AR FAB Y | 3 ST 5 T 425 6 T A 6 1) B 1
BBl A RSB (B M i, ik R T B, AT RE %
SRR

W& it Tt FR rh, 2 8 B B A B Rk
A, WABE IE R A A X A R T
KR, o A A R ) W FRAG, B TR R
TR F, 52 H R K B s 20 e e )
SR FH A P 800 5 rp e RS AR 5 A i T s, X
% I8 U 8 K AL PR SR AT BEAY, 15 B D1 Bl
g % 5 R i 38 7K R () 385 0 T S e Y ARl T AR L T R
e F T dch OBV BRUR A DM ) J12%
P AR AL BRI T T, K BLACE Sk EAER S, B
PO SR FE | PUHLR B Kb 5Y 5 B AR b 1 1 RAE O
F M T BB, 45 1 22 S 50K I A 1R 7K B [a]
) B 17T AN DB 55 Ak o T OC T3 8 A 2 K e
BRIk B A, 25 R HL AR, J1 22 S5 R
K [E] 3 T 2 554K o

T 7K BE S 3 55 Tk 25 A 1Y 12 S 4k v
SR ISR A B2 BE T o Nguyen ) F A2 5] (8] f# B
R 5 JEH R K AL, Br DOOF AN TS T X
HA A BRI, DU PRGN ALk R GE TR
s s, X AR S R ) HAT MO EE MR A B S,
I A6 37 ) 2 S5 S R K B [A] 22 (8] 9 o
FFR T I E 5 R S 2 ML B Tl % Bk i 1
PEA , N7 25 TR R AL AN 1 % Rl A B AR s ] A dr
LA DA b A [R]85 o HE B Y o H T4
ALTEFRIE A1 H FlA 0 B Rt Ta], 3 H s F A o i it
HIG T, WUEZ B A B 5 M o 58T S PR 0 rh e
KA HA SRS, MRS T TR

1 Bt

1.1 REEHRFGE

I A A B A TR BAL LR R IE . %
WEAFAET &R NI E XA
S R AT AT IR, B2 BT HUA FER BT ) LA : CaSOy-
2H,0 . CaS0,. SiO, f1CaCO;, I T B M Hr 4t 3, %
FH V3 b v B 0 B 2L 800 19 L 1 (CaS Oy 2H, O Fl
CaSO,), lL#1,

=1 AEETYRS

Tab.1 Mineral compositions of gypsum
BEMS w(CaS0)/%  w(CaSO,2H,00%  w(HA A4 5 )/%
Bkt 2~6 88~95 <5

B A KA A IR A4
1) AR T B 4250 mm . 5 100 mm ¥ &4 1
(BT o 7E40 CHETHE ML i A 7E , 30 skt
TIaEM,.

(a) RIEHT

(b) 221 d

1 W
Fig.1 Test samples

2)RIHET 5 B T 2K, 12K ) D7
FWA2, B AR T B A 3
®2 BUABRAR

(c) n#Ja

Tab.2  Softening test scheme
H5 1 2 3 4 5 6
VI E)/d 0 7 14 21 28 35

W BB 155 SOk 13-14].

3)SEMIR MG, T2, PRUER T JC I oKk,
e SR BT i M, o AT R R 451 SR A2 RS 2k
J5 8, A ZN0.1 mm/min, B B LR,
1.2 RERRSR

HR A [ s 5 A ) i el A7 A o, 113 R AN []
FEOK I [A] T 1A B A WK 3 | PR AR B R A LAY
A, W3,

1 2 A W 7K 23 i i [1] 9 A2 Ak o £ 78 25 I G 7K 23 i
1K (] S 3G hn iS4, BB bk, J5 10 R 2
W% o R AR I 25 2, HO A S PR O, WK



70 TRESSHAR o5 49 %
. 7
®3 HAEER 45 P
Tab.3  Test results n RISKIE
40 |
R 1a)/d WK#/% PR E/GPa TR L
<
0 0 4.255 0.122 G35t
i
7 0.131 3.634 0.147 e
w30 |
14 0.237 3.374 0.189 s
21 0313 2937 0271 25t
28 0.361 2.638 0.306 20 e
35 0.394 2.541 0.327 0 5 1015 20 25 300 35 40
VR IKI A]/d
VE: WOKER ., SRR KT LIS P A s K Z=100%x o . R
(My-M,)IM, . B3 ABFERMREMZKEEEL
RIFBRFN }ﬂéﬁk%[lél’ F2 (D) SR B LA Fig.3 Elasticity modulus of gypsum changes over soaking
time
t
Ry (1) P14 30 B 60 075 0 55 24 B

K, SIRKEFE], wok e ZI R K R, aflpR S5 5
LK FER S S8, 25 =00, w,=0, %t I 25 A AW
IR B 12 7K B TR] 3G i, W KR S 48 K B AR
Wi O AN 8 b1 R e B < o s o vi
i, we=1/a, a kA A AT KRB B8

0.40
0.35
0.30
0.25
0.20

WK ZE /%

0.15
0.10

0.05 o R
0 — WAL

0 5 10 15 20 25 30 35
12K Il/d
2 AEAEWKERRERKEEZEL
Fig.2 Water absorption of gypsum changes over soaking
time

P13 Ay g P A S B T[] £ A8 A o A 85 S o A
Rz K B ] 2 PR 1R K35 dE, HEE
2.541 GPa, [ 15 31540.28% . A UL, 7K X647 8 5 A
R AR P Ol S e SR AE M AR A B IR K ]
FEPHX — i R, ELS BRI 58 Ak 5 s b
a3 ol B (2) V%I 143 BRI A

E,=Ee™ (2)
o BN e ZN S A5, BN ) b PR A A, Y
t=0WF, E=E, %t B 2 A R Ak, e ) F T 55 i,
E 410 T0, Xt I #1858 80 s moh 5 Ak Rk
SR, mil K, SRR I R, R A
R

TR DI E] L2 34 AR A SCRR (15146 H e 4 TR AL A
CIGPRIE K o D AR AE, B R AEIA AL FE A
BRI A A E BESC R, X (3) LA IR e -

t
Uy =——+0D (3)
t+n

Ao, o S ZIRTARA LG, o A RTIRTARA L, n o )AL
FAES R =00, o=, Fosa O A BAL . BEE
BRI RIS, IR P AT K, mill/ )N, A EE 3 T
FrBRER, Xof I PR A AR R PR A
0.40
0.35
0.30

0.25

HELVN =

0.20

0.15

— g
et

0 5 1‘0 1l5 2‘0 25 3‘0 35 40 45
2K a)/d
E 4 AEEBMREHERKE BT %

Fig.4 Poisson ratio of gypsum changes over soaking time

FAGNZ A NI S HUE R AU A P, ek
PRI J7 M1 (SSE) /NTF0.055, fie KbrfE 22 (RMSE) /)
F0.11, /M E R EL(R-square) KT 0.95, F
(1)~ (3) RBAR LT Ml S Wil B 25 51
2 BRREERETIEE

o T B S i 7 Ky B Rk, H R — &
AR, 2 T 18T ol Xof o o 1 5P e B A i

ARAT B0 BEOCAR, AL BARERON B BRI LA A
RIS [B] i BT A

0.10




5339

SR, A« B TEHCIARN, Y R A [ RGN IR g A A 71

x4 SRWERMEE

Tab.4 Values of parameters and goodness of fit

. N WERE
A ¥ M@
SSE RMSE R-square

o 1.34

(1) 0.000 18 0.006 8 0.998 4
s 40.73
E 4225

#i(2) 0.054 91 0.104 8 0.974 4
m 0.017
) 0.122

#(3) 110 0.001 67 0.018 3 0.954 8
n

2.1 BRBE

Shy ST A BT AR AR T 24 L (R Bl ) R o
RERY AR 254, B R %

1) S Br TR v Bl A A8 T B ) (] 3% i, L AR JE 3
BRI R INZ AR S 2 ag s U W g 00 I R
FERT AR RS, R, (RS2 K A ) 4

Vsl B TR R IR R 12 ST RS 20 Bl AR
TEBE ]34

2) TAEN A, Rk n) s, 85—~ 52 &
BOMEAS 0T KX TR R RCR ™ T it Wl T
TRXT B AL B — R AR ROR , i AN %
JEHE T K B 43 AR RAE

3) SE bRt T e, 38 A B8 A B B W A A 2
A Rall 20 STy B SRR, A 2 B T R
IR —ANIlfs FHE AT RIS AR

AR5 5 b ) ok o i e ), B A R —
HIE RS .

(070 = po)R?
U= —>c (4)
Kb, uhhit%, oo WL JT, po i A 7, ROV R TE T
22018, GRBTUIR &, oA A N — i B R o0 1Y
BE B M BIFSE A R IE], AN 25 R S S AR L, RD
Po=00 B 58 5 10 g T Ife 2 T A 2 88, BU=R . HL H15
R A, Wog=pH!", y Bk 25 5L UL 35
RAK(4)75.
vHR
u= Tl (5)

FF L) 2), it e (2) R (3) g R %L

K., fE SR AR A AR R AR AR -

E(f) = KEe™" (6)
st
o(t) = l‘+_n +0 (7 )

s ECe) o (o) 53510 Ry i) 2065 U ) S ASE o RV A
s KM Se BEVE R B B g I HE N T s £ 50 1k
Pt 5 S PRSP R B 2 () O 2R 5 s AR SCE SCRY R
IKAREL, BERIGIABEXHEBE2) , FH A I T K% ]

AR A BEARSR o s OB, E(¢)=KE, v(t)=0, It
B AT AR, 2 TCH T AR s 528 1A, X 1 3k
55 T A A KRS o s BRMEAR B an T
Hu R KON TR A B s e, — ek HoK s 20 |
A O R T B 2 A0 0 APEAS o BRAT A B T TR
R 2 R K R B BUE Y, s T
s Ak, ELAT AR TREVE T, g7 2 R R G 3R
s=1-k, (8)
#=5 Kk MEEKE

Tab.5 Basis for assigning value to k,
ky
BiRTTH2 )5 KB
0>30 15<0<30 0<30
REEK, K, TKE 1.0 09 0.8

AR KB SRR K, KE<0.1MPa 09 08 0.7

WRACIR K B AR AR K, AKE>0.1 MPa 0.9 0.7 0.6~04

e o NE A RBUR R, SAMPa.

HR A6 5 A By AR i L e (6) ~(7), Al

ARSI A7 1 KA AE 2Rk
E(ry  (+n)KEe™

GiH= 201 +0()]  2[st+ @+ D) +n)] (9)
KL (OFRAR(S):
vyHR  yHR[st+ @+ 1)(t+n)]
U= = (10)
2G (t+n)KEe™m

3 (10) K25 FB T FRAALON Ay 152 1 il o) R ok 36 17
I 25 T (37 RS B8 SR T REHP s 2% 1 67 % Bt A7 A 55
1O , B A2 3 7 T B s i 2,

7 a5 T b A5 B A T R BN 1, B S8 ¥ A B,
T BRI B 4 (Lg— M 33 s i YD) L 2
I>LI}, P R AN 2 s, v R (10) #53k; i<
Ik, 1% 55 % 7 06 2T R (1) 4 RP .

w=u(l—e®) (<l (11)
o, u BIE B T AL R IG S Em A, a4

Lg%

B (10) M C11) AT A 28 17 _L AT — 55 7 7%
Fak, W (12) c LR E S AT . Y 1=1 R,
wy=u o AR YE LA, T P a B - 25 T 52 PRbE
T W e S BOR AT 4 850.01 mm By LA AR I X — R
S92, FEN T =1L, e ™ < 0.018Fu=u. fCAR Y
Iy RFZATERX, 1N Bafl, W6,

%6 SMaMEUEIKE

Tab.6 Basis for selecting parameter a

lyR" 6 8 10
a 0.77 0.58 0.47




72 TR SHA %5 49 &
_ YHR[st+ (0 + 1)t +n)] [>T AT
- —mst ’ 0> 4 N "
(t+n)KEe (12) ®7 REGSRHNZMER
W = YHR[st+(+ 1)t +n)] (1—etY) 1<, Tab.7 Factors included in this model
(t+n)KEe™! T —
A} mpECY Fa) - ey
Laufferi® ¥ T?ﬁﬁ%ELas( &l5) [7]: 4 1<BR}, - [ AR TR Py AL
Lo=l; [ >Bitt, L,=B=2R ¥tk L SRAK(12) h75. TR g ke BOK BEARR BRPE A BRMERLE JARALL
s L]LH[SH( +1)?z+ j; AR AEIEE N N
_ 0.5yLH[st+ (v n ]
"= (t+n)KEe 1> b 2:;‘} Hy K S ey E m n

_ 0.5yL, H[st+ (v+ 1)(t+n)] (1- il VB <l<ly:
(t+n)KEe™™

_ YHR[st+(v+ 1)t +n)]
© (t+nm)KEe™

—"

@

. I<B
g —

5 LMEX

Fig.5 Definition of L,
B E AR b, G e 6 A% e lm AE N, 2
IS IR AN R FLE Bl AL (A
7l , 28 30T 2 PO A T ORI o A g, A R
G SR, TETC AP ERTR , JHZE Y S Re s 1
Frfa 2 1 A M u<ugy, uy<ugyo Fu B0 (13) 1Y
uflluy, AR RS T &SR NA(14)  H
Hre MB<I<IgHY, wy < w(ly) ~ us L, B R b3 IX
6] B<I<I, M 14T 45 3
_ 0.5yL,H[st+ v+ 1)(t+n)] s

u

(1-e%),0<I/<B

u
(13)
e 4

IR
IR

S LT

1
-~

M I

NN

TR
IR
I 10

kv,
o]
~

Il

Uey B;
(t+n)KEe™™ (14)
yHR[st+(v+1)(t+n)] alas
cv = 1_ R ,0<ZSB
! (rmKEem )
\ Las —aLas N =4
TE0<I<BIX [f], aR’ <1, HFA—e ) n] 42 K 7
KEOL
—alLas al,, 1 alL,
l—e F) =28 _ _(Z=2y4... 15
(I-e™®) R 2( R )+ (15)

B(1-e ) = T RA ), ML
3 U, (t+n)KEe™"
7 0.5yH[st+(w+ D(t+n)]
_ un(t+n)KEe™"
" ayH[st+ @+ D(t+n)]
3 (16) Bk e g 37 1 F R (] BT S 8, 3R
TAGERES BE | H AR [R] S8 S R G 3R o BRI

(16)

0<I<B

as

BERL T S B m M n R BL T FLA 3k M o 3 5 ik
55, AT ARAS HAR R A L, AR ARL G B 2R Bl
KA B AL S A — 2 S HE L,

22 WA

TF 5 Ay o DG % S0 e A B AL LE s 2 50 H Y —
4% o BT FH T A0 R A A B A AR ] TR
AN LA A A At , a0E TG 3k B 48 kR
PRIt T H Y

ST M OB it TRk R A A I A5 R, e
PN 2% SRR U, W38 o 45 5 KU A AR 5
B/ A

D) M BB R s A B B B IR 120 m
(IR £, H=120 m, y=25.5 kKN/m>; 17775 BE AR5 e e
TEREM: REUK=0.4,

2) 1B B i KA /K 50.028 6 L/(s'm), i T
HREE FLHBKES, KEANF0.2~0.71 MPa,
A PP R SR FEA T 11~25 MPa, X HRFES,
Eky=0.7,5=0.3,

3) MRl SRk [207 H 9 5 55 Pl 7 Bk T8 A v RS A
FUIEE, e, =100 mm,

4)E v m . nBHE AR KA, 51T %8,
W& 16 it T B rp BB S, BRI AE A B N TR
A 56 BE , Bla=0.77.

=8 BHEVE

Tab.8 Values of parameters

Him Y(kN-m®) g
120 25.5 04 03 100

RS SEUE, 15 [ Far ] 5TE s I 2, L
6. T F L P S5 B0 G &, IR ERES BBk, A
st PR B

Stk AT, 7 2 H N guyen s 8 4o 74 [ 51
SR, KT, S H0kR B RS R S8,
AR SCHR[7] B 7S S8

LaufferR 4 7 iR 25 5 5 0 ] 5 28 % B 44 ),
SRR AR AR, WIRIS [ 8 Th A%l 4
SR R, G T B 2 o R 75 SRR AR AR 4
SR A3 2 20 SR % T O IR BE S 10 ms PRI 6, LR
AR 1A E0375 ds &7, AR BE X R [ [ AT

s u,/mm E/GPa o m n a

4225 0.122 0.017 110 0.77




5339

SRR, 45 B R Y

Wik B 1 o ) A B A 73

A 110° do B P8 b 1 43 4 0 1, SCHp s
A4 S TR B2 NguyenZdh IR AZ . P # 72 it 45 5
WK, ST SECEMEIY 225

90 ¢

80
70 ¢
60
50
40
30
20
10

0

RS B /m

0 100 200 300 400 500 600 700 800 900 1 000
H A l/d

6 ASCRBITE A B R E) 5 R RS A K AR
Fig.6 Curve of stand-up time and active span predicted by
model developed in this paper

102 =

10 107 108 10° 10 10" 107
E R T)/d

7 ENguyentZ B+ HH K B E 5iEREE X &

Bhk
Fig.7 Curve of stand-up time and active span predicted by
Nguyen model
W ORI R,
@ Nguyen R4 25 R
10 — | — T L el

T RIS B /m

v w = f=] « <
- 2 E E - e~ s 8
— 2 —
H A
8 AEFREHNFREESBRAEIXAR (Lauffer,

1958)

Fig.8 Active span versus stand-up time for different classes
of rock mass (Lauffer,1958)

BT ARSI PPN 4520, B0 BL e IR B2
Pl BEA T T, 2 SR N 15 -
DHLETBEE, G KEHNE m,

2) 1R B 25, 37 RIRE VE B0 B S R AT AN A
W HREE SR B 1, R it st P L W0 SR
C30m PR RETR BE 1 .

3) WA Y AT E J5 K Bt A, AT iR
P70 m.

R 28 0 H TR B B, U T R
g5 LA P T 0 B 3 W s I 25 ROk R
Z BB Rl A Tl T A B A 1E R o
23 RBESHEAIW

R H 5 %) ) RRORT TA) {, AR X 3 2 2R b 50
AR T, 76 Bl a0 b AT ERE 1) H A
BRI, PRI R H O e i 45 SRl o 2 T o b e
H DA BB T o 7 I, e X AR R R ) S A S R
B HT, B IER R [ 351

T RSP SE ACANFWHE, 15BN B
FRH ] 520, A0 9T 7R o

50
8 “©-H=100 m
40 + ~&-H=200 m
0 =%=H=300 m
=¥=H=400 m
=)
= 30 |
b
0
£ 20 f
ot )
10
0 100 200 300 400 500 600

FI R [)/d
9 BREIE R BFRAS A A R0

Fig.9 Influence of tunnel depth on stand-up time

H PRI, 7 AH [R] B 5 HE T, RS N ] it 5 2
TR I3 RTINS o 3% 5 SEPR L — 20 R AT,
TRH R TE 14 RS [a] 24/ HR R G 1 3 A ]

BT R8, AUAMIA I KIH , 155 7 56 Bk R B0
AR ] A S e, G &I 10T 75 o AT RN, FEAH [R5 BE T

50 ¢ Q

40 +
30 P

20 +

TR B /m

10 +

0

0 100 200 300 400 500 600
A fil/d

10 EiFTEM R BREER N

Fig.10 Influence of rock-mass integrity index on stand-up

time



74 TRERESHA 549 %
IR IS 18] il 3 56 8 1 28 500 3 R T 96 3 e Wa =w(r,6,1) (17)
1, O AR ZS A D, BA AR, AR 2P, oI s b PR BLE K 36 DATRE B 3 ot Ay
PR [ o A JEU ST AR AR R R, PO s R AR o 7K R S B

IRV AE ) 77 12550 3 BT 8 7K 2R s RS 1 Xt
(RN AR A O il TN R R D e N S B R TS 1 B 4
R, AR RN BE T ARk fa) B, U Wt R K R
Pl 8 5 V5 B o e P 120 0, Sk A AR, [ AR
[, 50 B AR ot L L s R o SRR E

50

40

W
S

TERIES E/m
S

—
(=)

(=)

0 100 200 300 400 500 600
EI RN TRl /d

11 F¥ s B E ST

Fig.11 Influence of coefficient s on stand-up time

50
—-E=2.0 GPa
40 -*E£=4.0 GPa
-8-£=6.0 GPa

-o-£=8.0 GPa

W
(=]

T RS B /m
S

—_
[=]

’ 0 1(;0 2(‘)0 300 4(;0 5(‘)0 600
5 Fa (8 /d
E 12 EMEEXBREEFE
Fig.12 Influence of elasticity modulus on stand-up time
A F AR [l 2% 2 R0 A8 A L 5 S B 1
FAFF, X R IR EBAT AG T
3% i
TEARLE R, B TR BE2), Bt 51w K R
s 2 I 7K A LA R A BT BRI AR RE TRT AL 7]
B SR A —E W 22 5 S b, B IE AN )
S R R IR KRR BE T AN AR R], HoH R K B2
] AZ AL, BRI R 7K 0 A B B S AN 215 1K 2 3K
Pl B9 S SR S0 B o AR5 WP Il 7 1 22 24
2 SRR AL, 30 S 2 1 TR SR A 5 R A A
R e B R S
AR RS K R AR KRR B o 78 3 % 7 R
IR T L AT — B THT, 2 WL 2% A5 B AR & Ok 32
7 ()07 FE A (R SE0 , SEERR -

PERIARA SRR, PR AR 5 K R A T 27 2 50 T
IZAFEE B R AR, BN
E, =g(Wy) (18)
oy = h(W,) (19)
A, E Rl 2301 D2 s i SR PEASE B RIA AL LU R X
QDA ) FI(19), AIFRE]J) =2 B sk
PSR R
XFASCHRER, F A T2 2R 3R A -
f f glw(r,6,1)]rdrd6

_ D
E@) = D (20)
[ hlw(r,6.0]rdrdo
o(t) = = > (21)
D={r,0lRy<r<R,,0<0<2m} (22)

K E@)Fo(e) g il 1A e 20 (%) i A FTIFTAS L 5
Ry A BT FFAZ 1458 5 Ry R BE 8 32 MR 7K el S [T i)
AR, ME 13RI (20) FT(21) A (6)
(7)), RIS F AL Y H 1

(AN
\_/

E 13 xFREREEREE
Fig.13 Model of axisymmetric circular tunnel
1 b3 e AT, S BE 5T Y O B AE T AR
w(r,6,1) . g(W,) FLA(W,) bR B A HAR 15 5 i 46 ] 5
2 AR Y O ST

4 & i

FEAT T A H A A, 45 R R A
M 7K R FIVA AL LBl IR 7 IR ] 58 R, P B [ R K
IS [ S 5 KON A0 8 S B I 2 e TR &4
A, LT MK R SRR AL HE o] S R K
6] Z [ A AR

SN T 25 RS AR RO Y BB G L 1 AR 8] g A
REAY BRI T 25 [T A R TR A e



55340 SR, A« B TEHCIARN, Y R A [ RGN IR g A A 75
A BACRE 394-400. [J AR LA iR X Bty 55 AR IR PCA AL I oL

FAY T AL L R T8 A7 8 B LA 209 Bk Tz

BIRY X As 2R, 52 th A R R it v H T 337

XPRER AT T S AR 0T o A R [E] B A% 2

B AZ AL I 5 I PR BUAHAT , B0 UE T A SCRCAY Y

HiATE.

SE K :

(1] i 3 77 22, RN, 56 1R LR R G840 5 ikt M]3k
o AR Tl R iR, 2005.

(2] XU T A BRIE T AR M) AE ST AU RS Ao it 2012

[31Li P,Zhang Z,Tao L.Stability ranking system of rockmass
surrounding a large-scale underground cavern group[J].
Journal of Engineering Geology,2004,12(1):25-29.

[4] Barton N,Lien R,Lunde J.Estimation of support require-
ments for underground excavations[C]//The 16th US Sym-
posium on Rock Mechanics (USRMS).American Rock
Mechanics Association,1975.

[5] Bieniawski Z T.Classification of rock masses for engineer-
ing[M]//Rock Testing and Site Characterization.London:
Pergamon Press,1973.

[6] Myer L R,Brekke T L,Dare C T,et al.An investigation of
stand-up time of tunnels in squeezing ground[C]//Rapid Ex-
cavation and Tunnelling Conference,San Francisco,1981:
1415-1433.

[7]1Nguyen V M,Nguyen Q P.Analytical solution for estimat-
ing the stand-up time of the rock mass surrounding
tunnel[J].Tunnelling and Underground Space Technology,
2015,47:10-15.

(81 ARIUAE FNEL A o 2 i % 1
M]E s R R, 2007.

[9] Marchetti M E,Capra A J C.Analysis of circular tunnels in
soft ground[J].Tunnels and Tunnelling,1986,18:45-48.

[10] Teng Hongwei,Ren Song,Jiang Deyi,et al. Experimental

ARRE TS SR

study of mechanical properties of water-saturated weaken
shale in gonghetunnel[J].Chinese Journal of Rock Mechan-
ics and Engineering,2010,29(1):2657-2662.[ 7 5, 4F
27 S5 LR IE v K ARSI e (0] A0 )
5 TAR’,2010,29(1):2657-2662.]

[11] Zhou Cuiying,Tan Xiangshao,Deng Yimei et al.Research on
softening micro-mechanism of special soft rock[J].
Journal of Rock Mechanics and Engineering,2005,24(3):

PLIIBFSELT]. 1 T2 5 TR0, 2005,24(3):394-400.]

[12] Zhou Cuiying,Zhu Fengxian,Zhang Lei.Research on satura-
tion test and softening critical phenomena of soft rocks[J].
Rock and Soil Mechanics,2010,31(6):1709-1715.[J&Z2
e AT 5k oA K s 5 BRI SRS
+ 712#£,2010,31(6):1709-1715.]

[13] Ren Song,Wen Yongjiang,Jiang Deyi,et al. Experimental re-
search on softening in mudstone interlayer[J].Rock and Soil
Mechanics,2013,34(11):3110-3116.[{F#, 3K T, 2248
SR JA I )2 AL RIS B 9T [1].58 £ 712%,2013,34(11):
3110-3116.]

[14] Liang Weiguo,Zhang Chuanda,Gao Hongbo,et al.Experi-
mental study of mechanical properties of gypsum saturated
in brine[J].Chinese Journal of Rock Mechanics and Engin-
eering,2010,29(6):1156-1162.[% T [, kL ik, m 4L
B, 5 ER BT 48 A 1 R e it e (0] 4 41
J127 5 TRR2A41,2010,29(6):1156-1162.]

[15] #5606 4 1 124 5 TARM] AL R AR, 2002.

[16] Chen Jie.Catastrophic mechanism induced by damaged sur-
rounding rock and mitigation principle during bedded salt
cavern construction period[D].Chongqing :Chongqing Uni-
versity,2012.[FRES. & JJZ 0 I LA 40 05 R AR5 K
AL I S 5T [ D] 8 PR 8 KA ,2012.]

[171 Wood A M M.Development of tunnel support philosophy[J].
Excavation,Support and Monitoring,2016,4:349.

[18] Angel M L,Johnston S,O’steen K,et al. Groundwater control
issues in transportation engineering:A short review of dewa-
tering methods and lessons learned[J].Journal of Engineer-
ing Science and Technology Review,2015,8(3):8-13.

[191Wu Q D,Yan B,Zhang C,et al.Displacement prediction of
tunnel surrounding rock:A comparison of support vector
machine and artificial neural network[J].Mathematical
Problems in Engineering,2014:1-6.

[20] 2% SCTL R 7K 42 BRI J1 2 (M. b3 AL Tl ittt 2013.

[21] Turymbetov T, Azhikhanov N, Zhunisov N, et al. Stress-
strain state of two diagonal cavities weighty inclining
layered massif system with slots in terms of elastic-creep
deformations ¥r[J]. Procedia-Social and Behavioral Sci-
ences, 2015, 195:2263-2271.

(#miE  FhM)

D e S SR S S S S S S SR S S S R R S S R R S S SR SR S S S S S S S SR S SR S S i S SR S R SR R S SR

¢+
+ 5| #&3X:Wu Jianxun,Ren Song,Fan Jinyang,et al. Analytical model for stand-up time of rock mass surrounding tunnel with-
* consideration of softening effect[J]. Advanced Engineering Sciences,2017,49(3):68 — 75.[ =8t 1THS, W4 TE, 25 Z e
¢ X e \ - . §

o TERBE R WESE PR AR TR AT R[] TR R4 540K, 2017,49(3):68 - 75.]

> o ® *

A S S S S R R S S R SR R S S S e S S S S S S S S S S S S e S R S R S S S S S S S S S S S 2



