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Abstract: The rheological lav for the sea areas tunnel wasobtained by in-situ test, and the rheological characteris
ticsof rock, water-physical properties, mineral structure and in-situ stresswere al® analyzed The tunnel rheologi-
cal mechanisn for the sea areaswas further studied The concept of the vicinity of the rock ultimate strength was
auggested And the ewolution lav of surrounding rock stress field in the tunnel was discussed  Finally, the tunnel
upport strategy with the features of coal-bearing <eries at Longkou M ine was p roposed
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Tablel The observation reaults of itsdistoration for tunnel support ( The thickness of top coal is less than 1 m)

1 10d 11 20d 21 30d 90 d
A s/mm vimm- d°?! A s/mm vimm- d?! A s/mm vimm- d°?! fmm
191 19.1 20 2.0 8 0.8 240
330 33.0 67 6.7 42 4.2 492
- - 87 8.7 34 3.4 -
258 2.6 38 3.8 10 1.0 346
530 53.0 91 9.1 56 5.6 716
113 11.3 46 4.6
2
2.1
M TSB815 . WZ-2 ,
2, 3 2, 3 : 34.0 43.0MPag, 38.5MPa 22.2%
53.8%, 9.7%  15.1%; 5.7 12.5 MPg, 8.6 MPa
28.7% 42.6%, 12.9% 14.9%:; 3.15 10.39MPa 6. 7M Pa
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2 2 3
Table2 Physicomechan ical param eter s of rock Table3 The test results of rock water-physical
parameter s
/m M Pa M Pa 1%
-3
274.05 2294 0.34 34.0 4.49 fm Jgam® /% /% % /%
274.36 2407 0.25 43.0 4.32 276.80 2.14  16.0 205 53.8 15.1
283.95 1431 12.5 1.12 278.25 2.17 10.8 204 22.2 9.7
285.57 1041 0.21 7 0-80 285.95  2.23 11.2 251 42.6 14.2
293. 58 993 0.36 10.7 0.97 287,53 ’ 19 118 o2 8.7 12.9
293.73 1441 0.25 5.7 0.76 ' ' ’ ’ '
291.84  2.17 10.1 215 31.3 14.9
2 298.23 2910 0.30 14.9 0.35
292.97 2.09 10.0 256 34.4 15.4
299.39 1958 0.37 10.4 0.64
299. 63 753 0.27 3.2 0.59
300.23 1871 0.20 6.6 0.54 2.2
LEO - 435VP
, 3 4 XRD X ,
4
P 3 o 2 R $OR /S IR)Z (5 630 £%) P4 e e mpDRnR a1 A1 0RE (3 860 £%)
Fig. 3 The I/S mutil-layer of sheet and Fig. 4 The granule of albite in oil mudstone
flocculent in oil shale (5 630 times) (3 860 times)
4
Table4 The content of rock and clay m neral ngredient
1% 1% 1%
1% S IS I K c c/s /S CIs
21.2 2.4 33.1 11.7 3.2 28.4 91 0 9 0 0 0 100 0
16.6 3.3 13.8 7.2 1.5 57.6 87 0 6 7 0 0 95 0
36.2 4.7 0 0 0 59.1 66 0 8 26 0 0 95 0
S o 1/S v o K ; C ; C/S
4 : 28.4%, 91%;
57.6% 59.1%, 87% 66%.
3
3.1
2 ; 5
“ " M TS315
“® ” 3 ’ 60 ,
’
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E, =717MPa, E, =5 278 MPa, N, =64 TPa- s R =
3.237 8 € =0.007 6 - 0. 000 91exp ( 0. 004 95t).

00-0
(2) 6.0MPa , 2 , € =_ +_ 1-e t,

E, =700 MPa, E, =7 900 MPa, n, =0.18 TPa- s N3

97 TPa: s R =0.119 Q € =
0.009 33-0.000 76exp ( - 0.043 9t) +4.330 x10° "t
(3) 7.2MPa 2 , Oy AR B AT R
LAHCDR)

ke ?KM:(B(L
o o O, -0
C 2y o E] s,

El E r] n3

E, =700 MPa, E
13500MPa, N, =0.42 TPa- s N5 =220 TPa- s
R =0.080 7.

Oy

€ = 0.010 82 - 0.000 53exp (- 0.032 14t) +
- Q
5.182 x10" "t ,
y 7 7
3.4 Fig- 7 The vicinity of rock ultimate strength
2 0, =10.06 15.05M Pa, in uniaxial compress
0.,=53 8.5MPg Go S
O0.,b,=52.7% 64.9%. Ao —
5
5
Table5 The test results of rock rhelogy
o s (0 S'U b)
0 ,/MPa E,MPa E,MPa n;/TPa s E;,MPa E,MPa n;/TPa s MPa 1%
1 15.1 470 5 800 414 510 2 610 60 8.5 56.5
2 11.6 560 8 500 210 565 4 200 81 7.5 64.9
3 10.5 422 6 200 230 516 2 200 99 6.3 60. 2
4 10.1 580 5100 252 690 4102 58 7.2 71.6
5 10.1 717 5278 64 700 7 900 97 5.3 52.7
8.2 1043 3295 18 400 890 12 500 127 4.7 57.1
8.2 690 10 700 230 740 7 600 101 6.3 76.5
2 , 6m, 2 , 13m
4
(KX-81-1 ), )
L 3
1 1 6- 6 .
(1) -350 , o, 33.96°,0, =11. 37 M Pa
(2) , o, 42.59°, 0, =11.65M Pa

(3) , o, 56.88°, 0, =10.86MPa
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Table6 The test results of n-situ stress

MPa 1(°) 1(°) MPa
- 350 0, 11.37 213.96 32.88 1
2 o, 8.09 - 53.54 3.84 7.77 ' '
354.6m O, 6. 25 222.38 - 56.80 '
“ ” 0, 11. 80 212.80 33.14 : '
1 0, 8. 40 -53.42 5.78 8.05 ,
351.8m O3 6. 43 225. 30 - 56.22 ,
“ " 0, 11.50 232.37 36. 06
2 o, 7.07 -14.62 28.22 7.86
351.8m O3 5.34 103. 15 40. 97 7
0, 11.14 236. 89 21.11 5.1
1 o, 7.09 -20.86 28.79 6.33
33.0m O3 5.08 116. 02 53.03 '
0, 10.58 236.87 21.11
2 0, 6. 72 - 20.86 28.83 6.01 ' ' A,
335.0m O, 4.82 116. 06 52.99
( ) : O,
o, , o, . |0,-0,| Ao, , o,
, Ao, , . Ao,
(0- 1y o 2y o 3 ) 1 1
Qo )* = (Acl)z + @02)2 + @03)2S @00)2-
: Ao ,
, , Ao . 2
Ao, A0, . 7
, J , J=
Qo, -Ac) Ao, J N
0 1, J=0 , , . 0<J<1,
5.2
, J 0<J<]; ) )
; 2 ;
( ),
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