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Abstract

With the development of the science and technique, communications and
transportation, water conservancy, the city underground traffic and utilization
underground space, etc, especially the rapidly development of freeway construction in
recent years in our country, put forward the higher request to the tunnel engineering
on the quality. The large-scale underground engineering construction has promoted
the building technology of tunnel. And a great deal of bolting-shotcreting practices
and the new achievements of rock mechanics have established the modemn support
theories, more valid construction method based on the thought of New Austrian
Tunneling Method(NATM) has appeared. A basic demand of this method is to choose
the reasonable parameters and construction time of secondary lining according to
judging the stability of tunnel surrounding rock with the monitoring data. For seeing
out the thought of the NATM and economizing project cost, it is very important to
judge the stability of tunnel surrounding rock in the construction procedures.

Relying on the yinjiayan tunnel project, the tunnel situated on the freeway of Hu
(Shanghai) — Rong (Chengdu) in Heibei province, this paper puts the emphases on
analyzing the stability of tunnel surrounding rock with numerical simulation an&
construction monitoring. The means of research to be adopted in this paper mainly is
as follows:

1. Utilizing the structure analysis software ANSYS7.0 to imitate the course of
tunnel’s excavating, which is of great benefit to search for the sensitive point
on the section of stability test.

2. Testing tunnel surrounding rock’s strain with F iber-Grating Gauge, and
according to some knowledge of the theory of elasticity to calculate out the
clearance displacement of tunnel.

3. Based on gray system, programming the software, which can be used to

forecast the final clearance displacement of tunnel according to some data of
monitoring, named GM-TUNNEL.
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4. According to Technical Specifications for Construction of Highway Tunnel
(JTJ042-94), it is effectual to judge stability of tunnel surrounding rock with the
clearance displacement and final clearance displacement of tunnel that have been
calculated out previously.

This engineering practice has showed that the above method is simple and
feasible, the result are reliable. All methods and programs adopted in this paper can
be used to the other multi-arch tunnels. Especially, the method, combining gray
theory for forecast the tunnel final clearance displacement with the technology of
tunnel surrounding rock strain test to judge the surrounding rock’s stability put

forward a new thinking and method for the similar tunnels.

Keywords: tunnel engineering, stability of tunmel surrounding rock, numerical

simulation, construction monitoring, gray theories
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- ) . | FANR.Y
‘f | \ / "k| \ . !'pa
N e, NS
A Ap AL

E 4—7 JtaouiE R AR TIER R

SWCERR B AR, TORMRE A, TEXHA0 TR MR Y —
PMEHABERESERH. B2, aTFHNYEETUNEN, SOLM R
BB MU, HRRA G

Ad, =2nA{{l1—-(n’ [2)[R, —v(P, + B)}e +a +(dn/dt)! n]AT) (4—15)
o P, —— K R B R [ AR R
e —Ar N AT,
a —JCET A R B R R ¥
g — YA,
AT —4RBEAL.
AR (4—15) TR ERRR A M # N 8 s, SR,
(2) LA R BN

ERF A RENIS R M B R, SIS A A k34657 M oA
. ZHEMTIIRER, HARHHEOSS RS, 2RE=-SHER
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ECUE T KA A8 3

Pl BRI EE R R A, T 3 BEHE LT M R IBBA AT, (B 48
7).
ueibhr 11 KT ER
‘-C\#ﬁﬁ; i
ST MY W
| b N ~<
R
4—8 FEIE TR RIS BT N T A E B E
IR LEE 2 N e RS, wE 4—-9 iR,
.|_‘L, ab - el o
RN A )

¥ 4—9 MM RGBS MER

ERFXERERG BT RMRES, SRELT k3+657 Wil FFIZR, X%

T R ) 1R ST LB SEINIR T 46 RINARAFE . S Fe M4 A% BUAR i 3
NE4-3,

R 4—3 R _ERAF M5 B3R B

[*1]

BN

R L e e BB N/ v e
FiHEt(E]/d Al A2 Bl B2 Cl C3

0 0. 000 0. 000 0. 000 0. 000 0. 000 0. 000

1 90. 909 119. 122 239,812 103. 448 | 125.392 | 173.981]
2 156. 740 | 164.577 456. 113 184.953 | 200.627 | 252.351
3 169.279 | 231.975 575. 235 216.301 | 293.103 | 280.564
4 228.840 | 252,508 824. 451 343.260 | 351.097 | 346.395
5 267.712 | 261.912 802. 508 474.922 | 357.367 | 376.176
6 304.075 | 252.351 882. 445 547.022 | 470.219 | 434. 169
7 344.828 | 282.132 942. 006 601,881 | 490.596 | 465,517
8 371.473 | 327.586 998. 433 625.392 | 503.135 | 478.056
10 385.580 | 384.013 | 1061.129 | 699.060 | 516.928 | 498. 433
12 396.238 | 412.226 | 1105.016 | 755.486 | 520.376 | 506.270
14 418.495 | 435.737 | 1152.038 | 796.238 | 525.235 | 520. 846
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BT AFREFARXT

16 440. 439 479, 624 1233. 542 808. 777 496, 865 h31. 818
18 459, 091 523. 511 1307. 210 811.912 512. 539 h34. 483
20 473. 354 548, HR9 1286, 834 824, 451 0H2. 821 536. 050
22 473. 354 872, 7127 12849, 969 843. 260 a64. 263 087. 774
25 482. 759 h83. 542 1302. 508 894. 984 567. 398 603. 448
27 542, 320 594, 357 1336. 207 880. 878 594, 201 614. 420
30 618. 966 605. 016 1377. 743 929. 467 627. 900 628. 527
32 628. 370 601. 881 1398. 119 937. 304 669. 279 626. 959
38 642. 633 £806. H83 1460, 815 943. 574 675. 549 631. 661
4() 664. 277 2494, (044 1467. 085 942. 006 686. 520 044, 201
42 688. 088 615. 987 1540, 752 952. 978 702. 194 652. 038
46 697. 492 614. 420 1578. 370 943. 574 714. 734 656. 740
4.4 FRSh

RIEF 413 RANARBABHRE 7B, BINRABMBSHIRLE 4—4.
&l 4-10 FIF 4-11.

K4—4 FWEREUSMBE

s B8 AL S B B4R R 8 L/ mm _ﬁ-ﬂ!ﬂﬁ%{ﬁﬂfiﬁg

F4 ] | BRA | all LM%

y AR (TR CUR | BHEA | Wi | KPR | desix

 /mm /mm/d % /mm /mm/d
0 0. 000 0. 000 0. 000 0. 000 0. 000
1 0. 824 1. 987 0. 798 1. 587 1. 147 1. 147 1. 147
2 1. 307 2. 986 1. 788 2. 986 1. 399 2. 188 0. 784
3 1. 562 3.718 2. 368 3. 718 0. 733 2. 779 0. 590
4 1. 942 9. 422 2. 865 H. 422 1. 703 3. 399 0. 620
5 2. 178 . 668 2. 982 . 668 0. 247 3. 649 0. 250
6 2. 349 6. 302 3. 754 6. 302 0.633 4. 316 (. 667
7 2. 652 6. 777 3. 952 6. 777 0. 475 4. 670 0. 354
8 2.923 7. 148 4. 055 7. 148 0.371 4.934 0. 264
10 3. 156 7. 693 4. 186 7.693 0. 272 5. 192 0.129
12 3. 292 8. 087 4,226 8. 087 0. 197 5. 317 0. 062
14 3. 478 8. 455 4, 293 8. 455 0. 184 5. 495 0. 089
16 3.719 8. 932 4.170 8. 932 0. 238 5. b78 0. 042
18 3. 942 9. 340 4. 262 9. 340 0. 204 5. 801 0.111
t 20 4, 089 9. 264 4. 485 9. 264 -0. 038 6. 063 0. 131 !
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KX BT RFH TR

22 4, 156 g, 333 4. 691 9,333 | 0. 035 6. 256 0. 096
25 4. 237 9.545 | 4.751 | 9.545 | 0.071 ! 6.356 | 0.033
27 4, 590 g, 688 4, 927 9, 688 0. 072 6. 729 0. 187
30 5.0350 10. 048 5. 149 10, 048 0. 120 7.201 0. 157
32 5. Q77 10. 181 5. 369 10, 181 (0. 066 7. 386 0.0Q@ .
38 5. 168 10, 538 5. 416 4_10,538 0,060 7. 484 0.016 |
40 5. 252 10. 567 5. 510 10. 567 0. 015 7.610 0. 063
42 h. 440 10Q. 997 5.617 | 10.997 0. 215 7. 818 0.104
46 5. 487 11. 175 5.698 | 11.175 0. 044 7. 909 0.023
Fe DA XY DL RSO 1B, B R R ARSI Ok £

18N ZE K FER ST H A Bl AR C B m{EBRKETE. M

i s 1 Tt A FIk3+6 75 E L 10 F B 48 & e Sk 5 1

\ # /mm3¥mm/d

12, 00D

10.000 F-------- - - -

{amma S I S

i —— EHAHE/mn |

' & 000 A= BSUR /m/ d |

| 4. 000 - - - - ~ i

! 2000 | ggfow - - - - -

~0.000 - ! i T e -0-0-0-u-i-a
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(2. 0000 = _ ~ . T EuFEmE/A

Al 4—10 T8 F il S8 R SUE L E

BSBIEBRIL s+ 675 T 1 # RIS T B Rk

‘aﬁ#EHw—~ BESREEN g | I

8.000 | --- e e ]

7000 boo-oi o . . e

6.000 | -o oo L .

5.000 [ e oes i

| 4.000 My g

| 3.000 - ---- - - L T

02,000 f---s - .- e e

| 1.000 |- o _ I ]
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RO T RSB F R

HRIE TP M S /N T 0.15mm/d, BREETHAT BS R E /DT 0.1mmy/d Bf, AT
LI ERE O BEARE. WNR | L2 BEES, YBEFE 40 KURE, HBTR
TR EE H 0.044mm/d, 1* 7K Wz Sk e i S 25 0.023mm/d, X KB, 4B
BEFE 40 RUGHES OSBRI E.

L
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KRB TAFTLFMR Y

T

ES58F ZETKAE?

PRI R B R ERERE

5.1 Ik B L #tiA

Pl 18 & LA EE A R (BlackBox) E A ARG RRZHH R MRS, H
“R”ERIERBZ, “H” RRERTEE. EERAXED. REEHA “K7. 15
BATEEHRG, FAKBRGERFEIREKRG(Grey System). 5 ZAHN FIEILFR
AKEHIE.

KERFBERRAKBRE BT RERENEE A, THERTECES
BIAMMFE, (ERst, Rk, S8 EEERBME. EFERKERELHE R
TE TREBORTT BT A R ife T #6887 — 2 MBTR R R, i Bkt
TREARTHAZ B ERABRTEEAR LGB THRTENER. T
HiZFK BB w LB GM (1.1 AR TS T TR TS S aay,
AR 5 KR IF R R e R e,

52 IRBIEIEGM (1.1) &R

5.2.1 GM(1.1)¥&RY

R TREE KBRS E W K805 BRI B4 R
SRR, ERERE FE— DT T TR T s R T
THERBSRENEHE.

GM(LDEH IR ETRERBR Mo HIEHROER. B xO%) RR
SEHl R R B R ) R G $EE R 5

xV (k) = {x (1), x®(2),x?(3),..., xO (n)} (5—1)

H AGO EMERTEBEHREBIFFER — BMERD RIS A
xU (k) F R, W10
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OB LAY LSRN Y

xV (m) = i xO()
=0 (5—2)
xW k) = xP 1), xM(2),xV 3),...., x4 (n)}

] 20 R R ZEFE R IR H AR B Y (k) X B AR 2 B 7 (BAA#) 4

dxﬂ} () (5_3)
— 4+ ax = U
dt
(1 (M D)
S Y R
! — H

Ax D ~ x(”(k+1)—x“’(k)
At k+1-k

= xD(k +1)— xM (k) (5—4)
= xO(k +1)

Bx A xO)y FxW (ke + 1) B2 IE, 80

¥ =%[.r{”(k)+xm(k+l)] (5—5)
xR (5—3) HE

k=18, x9Q)= ~—%[x‘”(l)+x“](2)]+u
“k=28, x®@3)= ~-‘23[xf“(2)+xf”(3)]+u

Hk=nl, xO(n)= -—-g—[x“’(n)+x“)(n+])]+u

e b /NG W £ S
r -
o] | -0+ @) |
A S @ 0 o) 1 H
. ' U
n : - (0—6)
Lx{ ?(2]_ _%[xtl}(n)+x[1)(n + 1)) 1

& v=8a , M
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REE L FE X

x©(2) | é—[x‘”I M+ xM(2)] 1
. .x(O)(z) B _%[xtl)(z) +x(l)(3)] 1
) —-%[x(”(n) +x0(n+1)] 1 |
A |:a}
a=
u
UES) .
Y=28Ba (5—=7)

EETRRZEBR A MERD —TeK, UH:
a=[j]=(BTB)"(BTY) (5—8)

i (5—8) TR aflufBH. MGM (1.1) ARFRER G- ©

i
x() =[xO 1) - L + 2
a a
BRSBTS e %
Xk +1) = [xO )= X + ¥ (5—9)
a q
AR (5—10) #, koo , HEBLRKSSTBIHAE
%, =limx(k+)=2 (5—10)
k= a
522 BAIRKEE

ﬁ%?ﬁﬂﬂﬁﬂ?@ﬁﬂ%%%?ﬁiﬂﬂﬁ;"(k) WIREL G R, A BE 2 1
PRI ER. ARIFABREM ¢ KARME, HFRER DO,

c=-t (5—11)
Hih, si WBRETE s ARET %,
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REE TA¥FEFMIRYT

52 =13 [e(k) el
mia (5—12)

1

2 _
§5 =—
n

3 [0k~ xF
k=1

R, elk) = x° (k) ~ x(k) s
(R I 1
B SR E .

£5—1 cHNREESHR

e

BN L 2 FREL (¢) MIA/D
4F <0.35
B <0.45
utiiey <0.5
ok >(.65
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5.3.1 GM-TUNNEL 125

Rime ERERR GM (1.1 BENES, A CEIHRERKEELTNSE
F GM-TUNNEL HZTRm 5% R =LA 5—1 152,

‘s Ez\¢N-TUMNE. EIE

nput the Inpuclile name:yju
nput the ontdat file's

The lastest Ei:platumentJis s 115849

B 5—1 F2FF GM-TUNNEL TR
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R LA EEARX

der maie) RE D WY Wi
}I-I-l-n-n-l-l--llIlllllllllll-uﬁlliddi-h-lruuuuinlnllll-ll-l-l-l-ll--l- -
" 35T A A e AP ) 1) £~ it T O PR .
- CopyRight@d? by .
. W FOOET W gt .
Y i A A R — |
MO MBI ke~ o ol BT A TE T 0T 0 R
TELA E. (DRSS TR TTR T I TEEEREERE P 4
ootk ”--','PF"&:I . bl
4 =l | -kl ﬁﬂﬂﬁr— e #'0 r an B
L LI 1 15070 | [T {
2 FRCTE 1 *. 7420 1 m.2ENe i
a | EIALTY 1 3. TVIT 1 -, aray !
uoo 5 L2 0 1 W71 uE 1 ['ERF
14 ] LT L I L5487 I m, 41533
o OLHERD 1 Wiy 1 m.aran
| 0. TPTR ] WL BT 1 . araF
] | T.1h80 1 T.ohbED 1 NN IiT] !
m | T.4090 i T REEA i -B. 04 eb]
LEA b, T e 1 [P ] -, 22RO 4
mw | 0, 4550 | LT ] n.2a%a v
g [ | [T 1 LI FRE 1 -, Ty ]
(LI LR 1 LT ] m. myz |
a0 | L REND | L I 03155
22 | 05999 ] L TR I 0, BT R |
e | V.5450 ] 10.00E7 ] -[. Wb3T
EE | LRLLLT ] 10,1855 I o, A9TY
a0 | 10, 0L@Ee ] 18, RLES I o, eED
w | 10 1HER 1 18 LIEG | - re0y
as | =Tl 1 10,801 I -1, A3
| 105470 I 10, THEL [ -0,y
| 10.we7e [ 10,8057 [ LILTE
= '«:! L! 11,1754 [ 10.EBLY | n.raut
SR L, A ITEE
Tﬂr:]ﬁ_t_iﬂ' i -

K 5-2 GM-TUNNEL 8% 45 #) L g ¢

532 BREBEITHER

KRR 4—4 HABHEN KBRS BBARIET TRNAE. #5
FZENFRITEMS TP B BELE, HERUES—2 RES—3. 5
~3 FiR.

F5—2 EHAEBRYEABHIRE Y HAELE

mianif/ LT T Gidr 4% /mm 1 # KA /o
WA R A e | BHAAE | R

1 1. 587 1. 587 1, 147 1. 147

2 2. 986 2.762 2.189 1. 8601

3 3.719 3.798 2.779 2. 504

4 5. 422 4.711 3.399 3. 0855

5 5. 669 5.516 3.649 ] 3.6107
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B L R#EWLFAIR T

6 6. 302 6.225 4.316 4. 0849

6. 777 6. 851 4. 87 4,5131
8 7. 148 7. 402 4,934 4. 8999
10 7. 692 7.888 5. 192 5. 2491
12 8. 087 8.317 5.317 5. 5645
14 8. 455 8. 694 5. 496 5. 8493
16 8. 932 q. 027 5.579 6. 1066
18 9.34 9.321 5. 802 6. 3388
20 9, 264 9,58 6. 063 6. 5486
22 9.333 5. 808 6. 256 6. 738
25 9. 545 10.01 6. 356 6. 9091
27 9. 688 10. 19 6. 73 7. 0635
30 10. 048 10. 34 7.201 7.203
32 10. 18 10. 48 7.386 7.329
38 10. 537 10.6 7. 483 7.4428
40 10. 567 10. 71 7.609 7. 5455
42 10. 997 10.8 7.818 7.6383
46 11.175 10. 89 7. 908 7. 7221

FiREW 0. 3286 0.2943

AN m U DR B MR TN LR ;mnmmnhxwwnuuqf,mmmuf

—*—ﬂﬁﬂ.-wl |

fl—=— ri

-

BS5—2 BUTFRBRLUBMNBRESHRMELE B 5—3140% KA RA MBI RIS HA S

H GM—TUNNEL F2FF4M178 th $t T 1 3 & 1% 028 59 2K T e S s 85 B
FRRG A
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B TRFMLEABX

u,, (k) =-9.918¢7 1 +11.505
u,_ (k) =-7356¢%"*" +8.503

BRI LR TR AFE, k > o, FIAB R EHRTN T IRAIREMBAN 11,508,
"R IR FIRSBAMNER: 8503. B TREMBEEIVEHAXLERT
ErishAANE, Sl RANEREZE - REERAERE, TESREE
PLHES P R B R R AN RN . L, BE —MMRESRERT
s 5ixBEAR MR RSB RE TN, A%
z5-3. EEFEMEERH T HHEERERBUBTEHNHEN, BEE

— BB IR .
RS—3 BEuBTNES TEERNELE
F LS PR B AR/ mm BEHWERELZUE/mm ZE/mn
#HM TN 11. 505 15. 891 ~4, 386
1+ B4R K S # 8. 503 8.818 -0. 315
MIE P E M I R, iR H e BRIttt nE 5—4,
2 5—4 JHEJS 46 REt % S E ks =
M £ MBI /o TN RS /mm et
T T 11. 175 11. 505 97. 13%
b # AR /K 8K 7. 908 8. 503 93. 00%
5.3.3 &5t
R T R A Y — R B ELik B IKET R R 80

%-90% 8T, ATLIMTEREREARE. AR S—41H, BRFEEBIEEFFE 46 RE,
HEAHERA B R BB SUBH 93%~97. 13%, i 2 I & B E L A
H’JHE%%E%—#

ol
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BN T AEM - EAT 1 X
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Fo6E HILER

6.1 45t

FXEERRBRETE, HERaREERMBARE, NEREEE
N7 AR BRI BEET THRANTR, RETERARABTRHLEIEHR:

D #EETENETHENRELDYHE ST R, EilsRE FpaE S T
JHERES LR ST EEROX G, AR miieER, RBBETE
S, FAFHTE NGB ST R E K M e A i AL, &
AR, ZHERSERNEETESE, BETESROMRE.

2) ERER THMRES, R el e RBIER T TELF. X
MR B BRI R AR TR RS RT BRI TR, HE—%
PE%dE, AYHRIERE TN EEL RN, HAeRE LN GED 84
R EBIHRTR .

30 2 SCEHATIE A AR 0 B S R MUAAR A I o R 3 R i M SR 8
B, MITHRIEHAEREENZBAE, HEBHENREN. %7 5EE R 1T,
ARSI TS, B—MAEFNE SR BRI FR.

4) FIH BRETK AL TN GM—TUNNTL F2/5 627 5% M 45 2 58 9058 10
REE IR RSN AR, B T B A B AR, TR “Bs” %
HIETER RIS R . BT AT B S 7 5 8 R Bty
a5, WAHARRERSHIREHEEEEENSEMNAE.

RICHBERBMIS R RR R SRR TS ST —k, MBETFEEY
HEWSMBET T HETE. IR, FR=MEeRARATFR, MBEELMY
WERE . RAWHE . WRE=AF X B RREE T THE. RN
TARKPrE S, ETEREMER M A E BB AR E I, XTI BRE — e
KR YL SRR T EEMER.

AR AR E M BRI A %, B R F AE R R R S5 b At Ll
EREHIRHEREN R SETH — 0 ESER. B ERBEREE LN
P B e TR U R AR RS N R A E AR B 55, &

1

Lol
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FAXE AR R AREN KRB EEATHOTE, ERBERETH
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