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A Numerical Simulation Study on Seepage Effect of Granite Residual Soil Tunnel

JIANG Lingyun, ZHANG Hong, JIANG Meixing, LUO Wen
( Zhangjiajie College, Jishou University, Zhangjiajie Hunan 427000, China )

Abstract: In order to study the influence of seepage effect on granite residual soil tunnel, seepage is realized by
injecting water into surrounding rock, followed by a numerical simulation. In the simulation process, four groups of
water pressures (0, 50, 100 and 150 kPa) have been set up, thus obtaining the relationship between different pressures,
displacements and supporting structures. The results show that, with the pore water pressure of surrounding rock being
50 kPa, the excavation of the upper step is unfavorable; with the pore water pressure of surrounding rock being 100
kPa, the excavation of the lower step is more unfavorable. Tunnel excavation is greatly influenced by water pressure.
The larger the water pressure is, the wider the seepage range is, and the more serious the inverted arch uplift will be. At
this time, the top lining structure is characterized with a large deformation, which makes the supporting and monitoring
of the tunnel excavation quite necessary. After supporting the upper steps, a timely supporting should be given to
the surrounding rock so as to avoid a large displacement caused by excessive seepage. The construction of the lower
steps of the tunnel is influenced by multiple factors, and the vault should be reinforced in time to avoid unnecessary
engineering accidents.

Keywords: granite residual soil; surrounding rock pressure; supporting system; seepage effect; numerical
simulation
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Table 1 Constitutive model parameters with their values

eSSl EEA B
TRERE / (KN'm™) 17.3

MR /GPa 1.8

B /GPa 0.47

N HEEIE 2 24 MEL/Na 0.25
NEERE SR/ (°) 25.77

W% J) /kPa 0.03
Prhisg i /kPa 0.054

Rl A LR 0.55

BER (m*Pas™) e

FEH AT S IKAEEE / (kgm™) 1.0x10°

MR /GPa 2

PrhisR i /kPa 1.0

HHER R /GPa 15
bk s o I/ (kgm™) 7000
WITIZE R BRI S5 A 095
JEEE /m 0.3

BFFACE /m 3.8

HHER R /GPa 45

BERF S 2 1 e 5 K Ye e JEH /m 1.5

IRIEFARA TR NI /GPa 15
IRIEHARA BT NI /GPa 15
KIEHKFNAFEER 1 /MPa 1.0




13

Wk, & EREIRR L E BRSO AR 25

33 EmsRRERAR

IKFEF S R A B, HB i SO R A
SUAL SN SNE /iy = W Lo [ 371 f sl il N 1 ) BB
1T 1L
3.4 HERBAR

AR L. FAEMETHERGE, Hiemam
%ﬁ%m@%EA4ﬁmEﬁﬁﬂ%ﬁmﬁ,mEﬁ
K/NGFHIM 0, 50, 100, 150 kPa, SRJ5 HEATRRIE TS 5
AL

4 BRULERSST

41 BAEMNDEER
3 FE 4 BT A A R KR & T,
b FAEBHEZE R EAE R EN =R,

FLAC3D 5.00

©2012 tasca Consuling Group, Inc

Step 40152
20185318 11:31.08

enter: (61.3,0.392,56.3)
Dp/DD/R oll:(90.0,0.0,0.0)
R:

. 0000E+
0000E+
I 1.0000E
-1.1623E+06

H

a) JKJEJIH 0 kPa

FLAC3D 5.00
:‘en;z!.;sm m suting Group, n.

I -20073E+08

l '1

b) KFEJ1R 50 kPa

FLAC3D 5.00

©2012 lasca Consuling Group, Inc
Step 79367

2016/3/18 11:37:21

Center: (61.30.355,53.3)

D (90.00.0,0.0)

I 204596406

¢) /KHF1°4 100 kPa

FLAC3D 5.00
©2012 Hasca Consuling Group, Inc.
Step 121294
2016/3/18 10:55:48
Center: (61.7,0.392,54.7)

Dip/DD/Roll: (90.0,0.0,0.0)

652

-2.0082E+06

d) KJEJ1H 150 kPa
& 3 Z‘ﬂﬂd_j]T_l:“BfHH 51 #2HY
ERAETNARE
Fig. 3 Maximum principal stress map of surrounding
rock caused by excavation of the upper steps under
different confining pressures

M 3 AT, TEARKEBRASE T EEH
PARrasur Lk

1) BB ) d R 3 1 g S B 25 /K s g i B8 n
R ER KRR S, EEIEKE T KA 50 kPa
SRR Ty NE S A ik =i ey WAL SE DN
SR AL

2) XFFKE SR 0 kPa B REIE Fl A, P2 B
GBI E YR, HHETLL 1 R g ] 3 A
S R R S N IR s A K T R LS

3) MBREAFE AR I, FEREIE R AL 1)
Rt K N W o FHETRIAR Y, R RS PR Rt oAb
) P15 8 K B T SR A A

FLAC3D 5.00
©2012 lasca Consuting Group, Inc
Step 47022
2016/3118 11:31:22

enter: (61.3,0.392,56.3)
u D/DD/R 1 (90.00000)
jon

I A1671E+08

a) /KIS 0 kPa

FLAC3D 5.00
©2012 Hasca Consuling Group, nc
Step 94081
2016/3/18 11:18:25

enter: (61.8,0411,64.6)

-1.6000E+08
I -1.7000+06

-1.9871E406

b) K Ji2k 50 kPa



2 77 = = DA | /A = =S 4

2019 4F

FLAC3D 5 00
SoTag 3738

ter: (61.3,0.355,53.3)
D DDRol (80.06.000)

~2.0000E+06
-20225E+08

-
¢) JKHEF1°4 100 kPa
FLAC3D 5.00

2 hasca Consu ing Group, Inc.
s« ep 132374
2016/3/18 10:56:01
arer (87.0380647)

o (90.0,00,00)

‘ontour of M al Stress =

Calculatod by: ragin

-

~4.0000E405

+5.0000E405
-8.0000E+05

-1.2000E408
-1.4000E+08

-1.6000E+08
I -1.7000E+08

-1.9907E408

d) /KJEF12h 150 kPa
B4 AEKEATTFEMFEZSIERN
EEmRAXENNZE
Fig. 4 Maximum principal stress map of surrounding rock

caused by excavation under different confining pressures

Hil&l 4 ATLISHL, T8 4 FOAFRIONKIET T T &
Bz R

1) Jo/KIE IR BRIE , 45 i e K 320 )
WA T A 7 g B Pl s de R 320 )

2) MKEJT AL 50 kPa B[] — AL A R
B ) B R T T A 7K 7 BB N S T AT

3) M/KH 10 100 kPa B, 0T L& B4 45 A
Qb BRI R FE TR s T e 3 RMEILRY . REZ,
ANEAEKIETIH 100 kPa BFFAFRRIEIFZ . ik, 78
WR IE 2 S PRt T A, SERER I K R Rl e
]
42 EEZHEHER

K 5 FE 6 AEARARUKEST, B TR
B IHZ 5 R A B e 1 S 2 PR

FLAC3D 5.00
©2012 Hasca Consuling Group, Inc.
Step 40152
2016/3/18 11:31:46
Center: (61.3,0.39253.8)
DDk (50.06.00.)

s upecm'- Projection
Contour O Z Displacement
4108

-3.0017E-02

a) KHJ1H 0 kPa

FLAC3D 5.00
2016/3/18 11:18:56

Center: (620.411,54.9)
DIDDRol (90.0.00.00)

Conf
5.3456E-01
5.0000E-01

32898801

b) JKJEJIK 50 kPa

FLAC3D 5.00

©2012 Hasca Consuting Group, Inc
Step 79387
2016/3/18 11:37:58

Contour Of Z-Displacement]
6.2734E:01

-3.5000E-01 —_—
I -3.5538E-01

¢) 7KJEJ1°4 100 kPa

2012 as onsuting Group, o
2016/3118 10:56:48

Center: (623,0.392,55)
DplDD/Ro!I (90.00.0.00)
P-upecnve Projection
Contour Of Z-Displacement|

& 0000501
7.0000E-01

I -4,0000E-01
47126E-01

d) JKHI1 150 kPa
B 5 ARKEATLEMFEZSIER
EEEnu®E=E
Fig. 5 Vertical displacement of surrounding
rock caused by excavation of upper steps under

different water pressures

HIE 5 ATLARAN, 7 4 FORFEIRANVKIE S BEf
Btz R

1) 7E 4 MUK T T G R E R,

13 B A I e 3 T 0 i vy 2 RIS Bt L 7K
Fe 7 BT o

2) 4K OVERTE , A B BEUA AT DTRE,
I HLHETOURY TR AEL B 2 L K T 7 A3 R St B e e
MR L . AT FUS, RTRE TRk
Fe e —E R L RERE s AR FRSS )y, REE K
T E— IR, BRI A ERAR L B KIS 2 AR 3
i, SR A BRI o



13

Wz, % fEd

AR RE

B AL AL 27

FLAC3D 5.00

mmz Masca cmsmnq Group, nc.
Sotalons 13159

DRIDORGE (20.00.0.0.)

Perspecis Pm‘ jection

1.2388E-02
1.0000E-02

-2.0000E-02
-2.2500E-02
-2.5000E-02

29742602

Center (61.3,0.392,53.8)

Contour Of Z Displacement]

a) /KHS18 0 kPa

FLAC3D 5.00

©2012 Htasca Qonsumlvg Group, nc.

Step 9408
Soaans 1916

3.1568E-01
3.0000E-01
H 25000801
2.0000E-01

-3.2978E-01

roje
Contour Of Z-Displacement|

b) /KHEJ1K 50 kPa

FLAC3D 5.00

©2012 tasca Consuling Group, Inc.

2016/3/18 11:38:14
Contour Of Z Displacement]
8583E-01

3.5000E-01
3.0000E-01
25000E-01

I ~2.5000E-01

-3.5835E-01

¢) /KHJ14 100 kPa

FLAC3D 5.00
©2012 Hasca Consuling Group, Inc
Step 132374

2016/3/18 10:57:01

Center. (62.3,0.392,55)
Dipl

I 47391E01

He &

d) KEF14 150 kPa
B/KEAT A5
EEZBEirE=E

Fig. 6 Vertical displacement of surrounding rock caused by

excavatio

n under different water pressures

M 6 ATLARAL, 76 T S BHHZL

1) oK) R RRE B AL ) PR AR
FLARHE 1) F RS A vy -5 9 FE X Bl LA K T AT Y
WERTE N SRR WTROTZ e UG, LRI 4t

AT ] b B

2) JHZEEE T SR, SmEf B S Bra st
DALty A T RO S iR, HAE R A LI
KSR I DA AR BRI T2 AR
5 R I e B TR %

TERRIE DR A TS E T 6 AL 5 ILIET 7 ),
HOHZ TR 580 AL R A A G 2 LI 8 Fk 9,

o Ty o Lo,
1 2 3 4 5

6

D

E7 VMN=mEE

Fig. 7 Layout of observation points

T T
9!%09?%'2 LBk akr
N
1
s ol
=
£ _3| —=—0kPa;
@K; —e—50 kPa;
2 4| ——100 kPa;
= —v—150 kPa;
—e— iz
8 HINfIF - T Trrihsk
Fig. 8 Vault displacement—construction process curves
Hi A 2
007 ; 3 u ]
-0.08}
5-0.09}
I
¥ 010
=
® 011}
5 0.11
ook —=— EARE 1
’ —e— TRk T
-0.13
a) /KHE I 0 kPa
Hb R
ol 2 3 5
-0.2f
_-04F
S
18 —0.6
¥
12 -08r
i_é -1.0F
12 BRI T
—’—T it 1.
-1.4

b) JKFEJ1R 50 kPa



2019 4F

TR A5,
—06L , 3 4 5
~038
510
T#

—a— ERBET:

-16 —— T AT
-1.8
¢) /K714 100 kPa
HFEU
~08! 2 3 4 >

—a— BT
-2.0 —e— BT

d) K1k 150 kPa
B9 MRARMMALE - LTI %
Fig. 9 Displacement of different observation points on

the earth’s surface-construction process curves

WLEEE] 8 T 9 R LIATAI .

1) FEE AR TR T8, [ — M B3 A 9 ot
MR

2) MEEKIE SR 0 kPa i, BEANREIE TFI2
FEeh, BRIEHE TR SR R IO AR AR T e 3
P OUT TR . M EA KR TR 50 kPa i, T
B B I FHAZ B I FR AL 3~5 Ak 7= A T R Y TTRE
i, SO PR TR TE T BB LT, B SeEk
BRI B A S

3) HEATREE T G B HZR, SR B I AL
B BB, DERISERR i 152 Sh S R
FMAHIR .
43 FZIPERZHEIGER

10 A 11 B ASAS FEK S ERTT |
TEBIHE RS, TS RS AR R Y )
ml, R T &SP IR R DL

FLAC3D 5.00

©2012 Htasca Consuting Group, Inc

P
2016/3/18 11:33:37

Certer.(63.0.562.) R
Dp/ D/R Il (90.0,-33.4,360.0) i A
7.08

Plsp ctive Projection

ell My
27596E+04
250006404
2.0000E+04
1.5000E+04 f N
1.0000E+04
5.0000E+03 f
0.0000E+00
-5.0000€403
-1.0000E+04
-1.5000E+04 i
~2.0000E+04
~25000E+04
-3.0000E+04
-32097E404
surfX =100

a) /KHS18 0 kPa

FLAC3D 5.00

ozmz Iluscu Consuting Group, Inc.

Soterate 12028 e

Certer (6290612611
Dip/DDIE 1-33023)
Redue 746

Perspective Projectior

b) K JIR 50 kPa

©2012 lasca Consuting Group, In.
Step 79387
2016/3/18 11:39.04
Shell My
534526404
5.0000E+04
4.0000E+04 17 \
3.0000E+04 ! \
200008404

-4.0000E+04
-5.0000E+04 o
-6.0000E+04
659136404 -

surfX =100

FLAC3D 5.00
©2012 tasca Consuting Group, Inc
Step 121204
2016/3/18 10:58:25

. (63,1.38,61.7)
mp/nu/Rcu (105 1 41.7,357.8)

P pe n = rojection y

Shell My y \
4.9824E+04

4.0000E+04 K

3.0000E+04

2.0000E+04

1.0000E+04 o

0.0000E+00

-1.0000E+04 .

-2.0000E+04

-4.0000E+04
I -5.0000E+04

-6.3240E404
surfX =100

d) JKJET12 150 kPa
B 10 ARREKEHTLEMFIZSIEM
P EREHME N =
Fig. 10 Bending stress of supporting system caused by the
excavation of upper stage under different water pressures

H I 10 B RAFS .

1) JHZ LGB, UL 3R RN 7T
WIS FITE y iy o] (025 0 ) Bl G 7K s T 3G R At
PR et e v B AR AR B

2) FFIESHITE y Sl tn Ty 1 7 A RS 0 g DX
Bl LA /KR T S IO R, AN [ L 10075 1)
JEA WY A KR AR, W ARRTHEK, DAFGR
FilA B —E e

FLAC3D 5.00

©2012 Hasca Consiting Group, Inc.

2016/3/18 11:34:03 7 N

Center. 6305,605)
OpIDDRl $00,400.3600)

mm..v.m cio 4 A

" Sose-ox
12500104 /
75000E103 YA
2.5000E+03 it
-2.5000E+03
ERH 0 Y
{35008.04
17500404 W
& 225006404 M
275008004 J
325008004
32503004
s =100

a) JKIEJIH 0 kPa



13 WR=, %

B B B 1 B AU R (BRI 5 29

FLAC3D 5.00

©2012 Hasca Consuting Group, Inc.

2016/3/18 11:21:02

Center: (63,061261.1) s
Dip/DDIRolL: (107.5,40.1,359.9)
Radius: 8.08

B 20 cion 7 N

Shell My
45800404 \
4.0000E+04
3.0000E+04
2.0000E+04

1.0000E+04 W]
0.0000E+00
-1.0000E404 \

~20000E+04
-3.0000E+04
~4.0000E404
-5.0000E404 )
-5.9724E404 \

surfX =100

b) JKJIEJIR 50 kPa

FLAC3D 5.00

©2012 Hasca Consuting Group, I
p 90827
2016/3/18 11:39:39
Shell My
4.6648E+04
4.0000E+04 (17 N
3.0000E+04 i
2.0000E+04

1.0000E+04 o Y
0.0000E+00

-1.0000E404 f \
-2.0000E+04

-3.0000E+04 |

4 0000E 04 /
5 0000E 04 q o)
5 0000E+04 \
6.1109E+04
surfX =1,00

FLAC3D 5.00
SO 7SN

2016/3/18 10:5920 7 =N

Center. (63,1.07,60.4) 7 N
o 872 o7 N\
Radius: 7.52 p'ty \
Perspective Projection A

Shell My
46659404

40000E+04 N \
30000E404 4 N
20000E+04 )\ \

10000+04 W

0.0000E400 0 o5
1.0000E 04 B |
20000E+04 )
-3.0000E+04 3
40000E 04
50000E+04
5.0000E 404
5.1159E404

S =100

d) /KEFIH 150 kPa
11 AEKEATTEHFIEZERN
P ERTSHM A RE
Fig. 11 Bending stress of supporting system caused by
excavation under different water pressures

AP 11 FR AN RR IS 1R R B 25 R 3L
PRR N 2= BT LA, TE 4 FORTRIR/ VKR
N T EHITHZE RS

1) BT EBIHZEE, FIEHTE y BT m
18 S BB PR 7K T T A8 T K 5

2) BREBIEAMAL JLF- A7 Ay Bl 1w A9 25
Tz 5, FCEERALHERAE y 7 1A T R ES
1, FEAEIHZSE T GHE, EAE A RELE y
5 e 25 S SRR o DR, SRR T ARG T
N T EERT BB EITZ L B s AR BRI
M, "~ BBIHENAE BRSO 3 2 )5
AT

44 FEIHRNER

FERSIATS AR A, (RISt 1 s 3 AN ]
TAL AT T B W, LA T 5 A G O ]
12 iR .

1

12 AMN=HEE
Fig. 12 Layout of observation points
ABESEAFRIRA FK RSO T , i T TR X%
WL 3 BN IR I, AN 13 s o

4

R F3/(10° N « mm~2)

—a J:ILTFJ/TU@ I‘.i
—— T AW T

5 2 3 ¥ 3
A
a) JKEJIH 0 kPa

4

0

g

g

-l

Z

E

T, LA

——TFHBHET.
-16

1 2 3 4 5

b) 7KFEJ174 50 kPa

2 F3/(10°N « mm™2)
&

i S & 518 I
—— FHRE T

1 2 3 4 5
S

¢ ) /KJES1°H 100 kPa



30 WMo Lok ok % % i

2019 4F

|
e (=]

W F1/(105N « mm™)
&

- L HBE T
—— TRV T

L
S

|
(=)

Ei]ﬂgﬁimﬂ).—i
d) KIEF12h 150 kPa
B 13 AESENSAMS - I #HEE
Fig. 13  Different monitoring points stress-construction

process curves

HIE 13 A& : 1) HE5KETH 0kPa 1 50
kPa i, BRIEHLAE AL DL TR 320 2) Bl A 7K
FEJTMBER, HEBBESR A 19 e 1 1B s 8. 3) [l —
I P 7 B B A TR 25 7K R 7 R4 R S B S
KGR AR 4) BRETFZE)E, HE,
HEREFNHEE A IR A I, MR R (g
o) T SERIE ot U = YN DO R A VAL SN
PO T

5 ZEig

Xof vty P % 3 7 4% 5 S 4P AR &2 F FLAC3D iff
T T BB, Wb KA RS S s 5 i,
PRV B T 4 AR Tr, 4390 0, 50, 100, 150
kPa, 133 A K 7 50088 RS 3 546 22 [l i ¢
Fo [FEF, SGMSbREEdE, S5 T8
WXL AR LRI R, HARZS ST

1) BBz R, B FEAFLBK T3
o, FAEE R, ATRESE K EAE b A R
T RAEBR, AR SE ALK
13K 100 kPa i, HXFRETE AT 5 B 2R AH] .

2) JHZREIERE, B FA K, iR
Wi 9 AR N 4 K, Ho2& S B LRk . R,
T A IFZAEC I B _E A B HE TR ALt B8 AR R
R iR, HABRE P ALK R i 3 M A
DRI T 7 LA BB TP A2 R b, 025 o ) ok 1 4L T 4k
ik,

3) e EGNIFZIE, RIZS e y fl 6y )
77 AR B 7 DX R B A PR L R K R T A S R AN
Wit K, EAKaHEO e i A M58 T B s
Jei . R BTEALAE y T A Y aRGEE , fik
N TR G BTN E GBS T A R R,
A RIHZNAE b G BHE EE HE T .

4) ShriEiEdE s, SHEREIE, TaH
THZEGEHE U AR TR, RUIZE T 32587
B OE S N4 S1= 1) I D I = ) | AR A

Sk

(11 #kd . fm i X AL R E AR L TR R (],
IR 5 TR, 2010, 24(1): 41-43.

YANG Maochang. Discussion on Characteristics of the
Residual Soil of Granite in Costal Areas of Fujian[J].
Resources Environment & Engineering, 2010, 24(1):
41-43.

2] #AAe, FHESE, sk B, L MR IX AR A
BRAH L WIB 128 ARGET 00T (0], ) AR Tl R4,
2015, 32(1): 29-33, 49.

LIANG Shihua, ZHOU Shizong, ZHANG Lang, et al.
Statistics Analysis of Physical and Mechanical Indexes of
Granite Residual Soil in Eastern of Guanzhou[J]. Journal
of Guangdong University of Technology, 2015, 32(1):
29-33, 49.

[3] LEIMF, PENG LM, SHI C H, et al. Upper Bound
Analytical Solution for Surrounding Rock Pressure of
Shallow Unsymmetrical Loading Tunnels[J]. Journal of
Central South University, 2015, 22(6): 2339-2347.

[4] AEscvg, o g, EARME, FEKE AL RS
W IE AE T LA g S R 0], S Az i TR A,
2013, 13(2): 34-41.

REN Wenfeng, GAO Xuan, WANG Xinghua, et al.
Deformation Rule and Mechanical Characteristic of
Tunnel in Water-Rich Full-Weathering Granite Area[J].
Journal of Traffic and Transportation Engineering,
2013, 13(2): 34-41.

(5] B B KRR AR B A 2 R B R T e 1
JEASTEABEBESE [D]. dbat: JERts3SE R, 2008
LU Wei. Study on Mechanism of Stratum Displacement
Caused by Shallow Tunnels with Large-Span Constructed
in Intensely Weathered Granite with Abundant Water[D].
Beijing: Beijing Jiaotong University, 2008.

(6] 4 B B RLE AR R AT B 7 23 5 Bk 1 A Y
I N A D] B5rE: IR, 2006.

LI Yong. Development of a New Geo-Technical Similar
Material and Its Application in Bifurcated Tunnel Model
Test[D]. Jinan: Shandong University, 2006.

[7] YANG Xiaoli, LI Wentao, PAN Qiujing. Influences of
Anisotropy and Inhomogeneity on Supporting Pressure
of Tunnel Face with Kinematical Approach[J]. Journal of
Central South University, 2015, 22: 3536-3543.

(8] Rz . KA T AL A IR AR L BRI SR 454 07
FEVERFSY [D]. W WIRRHCR S, 2016.

(T#% 42 71)



42

Wow Tk k¥ ¥R

2019 4F

et al. Software Design of Electromagnetic Calculation
in Phase Shift Rectifier Transformer Based on Visual
C++[J]. Electrical Application, 2007(8): 23-25.
IMRIE, VA . TR S LT 5 S 80T E
1. LS HEHIN L 2017, 44(6): 84-90.

SUN Junzhong, XU Bogiang. Manufacturing Design
and Parameter Calculation of Five-Phase Asynchronous
Motor[J]. Electrical and Control Applications, 2017,
44(6): 84-90.

A N =SB AR TN (M
BTl A, 1987 50-96

JI Xingfa. Technical Manual for Small Three-Phase
Asynchronous Motor[M]. Beijing: Mechanical Industry
Press, 1987: 50-96.

MR 4, Zitis . SR sifLi et (0]
2017, 52(4): 3-o6.

HEN Wei, JIANG Yuanyuan. Design of Two-Pole
Induction Motors[J]. Explosion-Proof Electric Machine,
2017, 52(4): 3-6.

] kst #l

- BRI,

Rz, RIBE . L5 B SRR T
BUEITRE T 0], KB K2, 2005, 15(2): 12—
14, 24.

WU Xuyun, WU Xuzhi. Numerical Calculation Methods
of the Software for the Electromagnetism Design of

(8]

9]

[10] Bt BALE T [M]. 2 i . dEaT:

Special Definite-Purpose Motor[J]. Journal of Changchun

University, 2005, 15(2): 12-14, 24.
I N R W 713 A B A R I N s 7 2 L R R 42 2
2017(12): 114-115.

WANG Yang. Design and Exploration of Asynchronous
Motor with Variable Frequency Speed Regulation[J].
Industrial Design, 2017(12): 114-115.

Ji % ZLEHRARRE R TRAR B TIESY (D], Kb
ﬁﬁﬁﬁjc %, 2007.

ZHOU Ling. Study on the Design of Multi-Winding
Phase Transformer Transformer[D]. Changsha: Hunan
University, 2007.

BBt
2000: 115-395.

CHEN Shikun. Motor Design[M]. 2nd ed. Beijing:

Machinery Industry Press, 2000: 115-395.

[11] 2R %k . xR RS %%d}*ﬂﬂ’]mﬁﬁqfﬂﬁ%%[]

FHEEE, 2016, 26(8): 1

LI Hanlin. Optimization of Design Scheme for Large
and Medium-Sized Asynchronous Motor[J]. Science and
Technology Outlook, 2016, 26(8): 135.

(WAL %, BAHE)

(E#% 30 1)

(10]

(1]

[12]

JIANG Lingyun. Study on Mechanical Properties of
Supporting Structure for Granite Residual Soil Tunnel
Under Complex Conditions[D]. Xiangtan: Hunan
University of Science &Technology, 2016.

LIU JH, LIU X M, ZHANG Y J, et al. Numerical
Analysis and Field Monitoring Tests on Shallow Tunnels
Under Weak Surrounding Rock[J]. Journal of Central
South University, 2015, 22(10): 4056—4063.

MGz, EAW) . Gk igiE s R s AR E R
MBI [0 o B 2S5 TR SRR, 2013, 9(3):
510-517.

LIU Jinyun, XIA Caichu. Study on Similarity Technique
for Dynamic Model Test of Water-Conveyance Tunnel[J].
Chinese Journal of Underground Space and Engineering,
2013, 9(3): 510-517.

LUIPP, LEEYW, MOKTY,
Reduced Peri-Tunnel Bone Loss and Enhanced Tendon

et al. Alendronate

Graft to Bone Tunnel Healing in Anterior Cruciate
Ligament Reconstruction[J]. European Cells and
2013, 25: 78-96.
AEIERBIT 2T BRI
i,

Materials ,
g, B, AR
I Sl AN 5 45403 T8 A AR R S (0], MR AE S
2016, 36(6): 853-860.

ZHONG Guosheng, AO Liping, FU Yuhua. Model

Experimental Studies of Vibration Effect and Damage
Evolution of Tunnel’s Surrounding Rock Under Cyclic
Blasting Excavation[J]. Explosion and Shock Waves,
2016, 36(6): 853-860.

(131 B 6. BoaBRiE Fla ) KOCHER AL ST 5T [D].

[14] YANG Xiaoli,

[15] &=, bk,

FE: EARICEARY:, 2006.

GUAN Wei. Study on Surrounding Rock Pressure and
Supports of Soft Rock Tunnels[D]. Nanchang: East
China Jiaotong University, 2006.

YANG Zihan, LI Yongxin,
Upper Bound Solution for Supporting Pressure Acting

et al.

on Shallow Tunnel Based on Modified Tangential
Technique[J]. Journal of Central South University,
2013, 20(12): 3676-3682.

B B PN S W STENE RS
A B E AR ST [J]. RS SCHR2EBeA 4 (( H AR
BEEML) , 2014, 26(4): 43-47

JIANG Lingyun, CHEN Qiunan, LI Tengfei,
Research on Simulation and Optimization of Large-Span
Soil Tunnel Under Natural Arching Rail[J]. Journal of
Hunan University of Arts and Science(Natural Science
Edition), 2014, 26(4): 43-47.

et al.

(WAEHRS: BAIE)



