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Abstract: The middle rock wall of small interval tunnels will experience multiple disturbances during its
construction process, therefore, how to ensure its safety and stability is the emphasis of the design and
construction, and the precondition of scientifically developing a design and construction scheme is to obtain
the force state. Aiming at the stress characteristics and its influencing factors of the central rock wall of small
interval tunnels, the stress distribution rule and the simplified calculation method are studied. Under the
premise of “reserving support” inside the surrounding rock of the tunnels, first, the expression of load

distribution on the “reserving support” interface is obtained, and then the distribution rules of normal stress
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and shear stress on the reserved support interface are obtained. Based on this, the average normal stress and
additional bending moment of the central rock wall are calculated. Finally, the calculation method and the
distribution rule of the middle rock wall under some conditions are obtained. The result shows that (1) the
stress distribution rule of the middle rock wall of small interval tunnels can be simplified calculated by the
idea of “reserved support hypothesis — interface normal stress and shear stress analysis — average stress and
additional bending moment of central rock wall — final stress distribution of rock wall”; (2) the stress
distribution rule of middle rock wall is related to tunnel radius, thickness of rock wall, initial ground stress,
and other factors; (3) when the thickness of middle rock wall and the tunnel radius of one side are
constants, the integral stress of middle rock wall increases gradually with the increase of the tunnel radius of
another side, and the stress of rock wall at the side of the smaller radius tunnel is slightly larger than that of
another side; (4) the stress distributions of two sides tend to be symmetrical as the radii of two tunnels get
closer; (5) when the thickness of the rock wall is smaller, the effect of reducing its average stress by
increasing the thickness of the rock wall appropriately is obvious; (6) when the tunnel radii of two sides are
constants, as the thickness of the rock wall increases, the stress decreases gradually, the stress distribution
becomes uniform gradually, and the stress difference between the two sides caused by the additional bending
moment is also smaller.
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Fig.2 Decomposition model of researched problem
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Fig. 5 Interfacial stresses of tunnel 2 varying with radius

1.0~ —— IEMY J3(6=3 m)
' - = - BYW J3(0=3 m)
0.8+ _._J;Emjj((jzé m)
0.6- -+ - BIRY Jj(6=6 m)

o —— £V J1(6=9 m)
041 }}“k -+ = B J)(0=9 m)

S P, T m
0.2+
-0.4F
-0.6F
-0.8¢
-1.0F

I }J/MPa

-1.2 L L L L
00 04 08 12 16 20 24 28 32

E6 AREEEEETHRERNN
Fig. 6 Interfacial stresses varying with middle

rock wall thickness
HI P 6 RIJT, Bl st o 558 RS ) 5% ¥ 18 K
J7 3 AR HERA BT 4G O, BT N g A A e (L T
DX I W /), A PG A 22 7 DX 0 K
PR SCHP S I 2 TR R dd ol — R I A bR i
BTSN, “HE ST BRI, RAH
R HICARRZ T, ISR ML T L4 B
A e R PR TE S B X3 (18 1), ANEE
frid g it aa, W ST By R iR E
MR, S b 52 T 9E AT A B g R 22
BUN (B 4) . 1EWE IRy Seal B RIhIea 20
SAHBRINBA 2% JEAN LW BT R ik 22, it
ZERHINAT 5 PRI OL o

3 HPREEZARE

TESS 2 VAR 3] WU T AWML Z 5
E— AT B ik (8- 3 1 N T 5 IS ﬁﬁa
3 v 1) e WS 5 B T B



12 4

NN, S5 BT IR S RS B /N R R G rp e i N R A TR T 1 99

3.1 FEHFEASHMEE

1 BT i R ROBLAE T b,
TRBLIIG D e A L de, XERZAYIK O Rdg,
K7 B

R

LA A

7 HPREEFEZRASN
Fig. 7 Analysis on stress of middle rock wall
DNIZZARBE P S T RE g % R 9 S 358 7 A 8 12 1 i
T35 AR IS 3 23 )

dP, = (o,sin@ - 7,,cos¢) Rdg, (6)
dM = - o, (r, = r,)sin pRde +
Tr¢[(r, -ry)cos @ + R]Rde, (7)

K L EPAAE KR 0 ~ 7w WBEAT B>, BIAG 35
TRV 73 78 HR SRS i 7 A B 5 T A BRI

P, = RJ (osin@ — 7,cos p)dp, (8)
0
M :—Rf o,(r, = r,)sin pdp +
0

RLﬂTnp[(r1 -ry)cos @ + R]de, (9)
B PTASE J7 R LA bR R R B AT A5 21 5 B 7R R
J7 ) b fR 38N g

o, = (10)

ARG LL BT, R LG HP s S 2
RIS A THETE . & 8 NBEIE 1 FA2E T 6 m,
BEIE 2 AR 2, 3, 4, 5, 6 m N, HIEPLY
IO 3 it b V5 B O AE AL LR

HIPE 8 Al B e i 5 I, AN [ B 3
Tl UL T WA 32 N AR S 4 B g . DL 8
Hir, =6 m PHIE B, AHFEEN 3 m I RE 6 m
Bf, SEEIR /N T 1.37 MPa, i 9 m BN =
12 m i, PRI /T 0.23 MPa, XUt 7E S
it JEE BE RS /INIE 3 2 0 0 i R R Xl /N P 24
TIABCRAR IR, 17 2555 5 8 AR, 38 e i
JRERE X B A2 T E A R

G s hn B AL, BRI AR AR, e b

S8 3 /MPa

3 é é 112 115 118 il
GRS /m
B8 FHEAMAPREREETURE
Fig. 8 Mean stress varying with thickness of middle

rock wall
SRR AL O B . P9 JBRIE 1 AR A
SHIRIES ) 6 m I, AP ) BRR O 2 2K
AR R
2.6

2.5+

F-351 8 3/MPa
PR NP
R S A

g
=}
T

—
e

2 3 N 5 6
b1 244 /m

EY EEFHMNAMEREE 2 FENELXR

Fig. 9 Mean stress of rock wall varying with

radius of tunnel 2
HIEL ORI, A hR R — @, FEH RIE 2
SRR, T T I (2 B B K
Obert 1 Duvall ) FH 5050 X 19 25 B A2 51 L 1] 14 5
T ARV AT T RSS9 2 2 o ) A 2
I8 3 0T 2 AR IR R

&;=(1+2§)02 (11)

X o, HERIER A, X (1) SGERTM
B IE-FARAH R RSO, IRl 5188 Hr, =6 m fY4S
RUEATR L, AWFFE 73 B i B g 520 (11)
X LSS SRANTE -

1P 10 al i, AWFFEIH AR S R S g 2 R
BT AR, fEAREEE/ A —E 2R H
DR 24 7 B S AT, R S AP RO A T
BRIEAH B N X, S UL A BV TR R 25
K, QN T iR, £ R 2SR A TR S R



100 B

—— eI B SRR A5 R
St —— RPRTTE AR

S8 3 /MPa
w

0L . . . . . . . . )
2 4 6 8 10 12 14 16 18 20
et R A /m
B 10 FHEDIIEL

Fig. 10 Comparison of mean stresses
R34k 7 W (0 98 R e 2 I DX, X 0 R A 5T
7 W IR B Ry o 45 V5 B 2 /D R T b B — R JE
AR A B S

B 11 WEXFLASHMEBMXHLEXR

Fig. 11 Positional relationship between reserved support

boundary and impacted overlay zone

SR ST SR A PSS R AL AR
SRRy, MR R R — RER e
SRS AR, W 12 s, B Ss Rl
OrAIFRBEIE 2 FARIr R 2, 3, 4,5, 6 mfH
S B IS R B R AR AR

TEFPICE TR R — 2 R OL R, B BRIE 2 o
TR INE S EEIE 1 FARAHE, BRI A 1
HANE 13 Pros o

Hi P& 12 Rl 13 mIH,  BEE A 55 R 2 i K,
BAE T2 R 1 B G 3 R /N S, HLRE A B G 2
ARTEWIE O, BRI A ) W (R Z TN, HE
BEIE A ARARSERE, BRI AN 0
3.2 HMREFFNHDHHE

Hh SRS B I D e A LA i A 3 S R Y
RGF L At B UL Rl BB a1 A 5% LA
EIEFRREAN TR, L2 A A I g A L L B

N
[

I
(=]
T

B IN25 45/(x 10° N-m)

é I6 é 1I2 1I5 1I8 2Il
HBE L /m
E12 MmMEERESEEENTILXR
Fig. 12 Additional bending moment varying with

thickness of rock wall

BN /(< 10° N m)

P& 2 42/m

E 13 BMnL4ERERRE 2 FETUMRE
Fig. 13 Additional bending moment varying with

radius of tunnel 2
AT g B o ERE RS BT, TG el R ) B 4%
P, R et i B K- 2 T LW g 0 A S BRI
Mo e T 2™ o D I X TR % g IR S )
A ATV Z R R B0 R R 43 A AT ROR -

O o = ax’ + b, (12)
X a, b WTFESH, WSEHERB I —,
W R KBRS SR S A nd i S|
EHERO AR A, & SRR B O B RS
AR HSCIET 1 BT 75 94 B R L 52 Wi Y PR A 20 A, 24
Esr g bR AN Y STE K S A i N DR E= ) | RPARLO
BORBEE DS LN AT, R R 2 & >
2r, MRTARIG S L THAAS B B o M 21 Ak /Y
BN S o pns PR LLT P J7RES B S8

a, b,

Oux=32 — @ (*) +b
o (13)

&

P, = J’%(ax2 +b)dx

il (13) #ES M a, bJa, SRR



12 4

NN, S5 BT IR S RS B /N R R G rp e i N R A TR T 1 101

WEAVERTE, Al NN A ik — P45 G
X (9) ARG A o0 -

2M. 12M
Onx = W—(sx = 53 xo (14>

X (14) Wb de s s B b i 2 il A
R Aia (12), (14) BIRTASBE5S 6 ) 404
A B RGA

O, = Opyx t Oy o (15)

MRIEAI FE B 4387 05 s, X 2 PSR w46 S 8k
NN A AT, R SR T AR

MBEIE 1R =6 m, SHEEEE RN §=12 m,
BEiE 2 42 r, r B F 3 m A6 m B, SHOTR L
FFE 1 PR,

®1 H1 SHEUE

Tab.1 Parameter values of example 1

ry/ P,/ M/ a/ b/ Oux-sn/

m  (x10°N) ( x10° N +m) (xI0°N+-m™>) MPa MPa

3 19.6 1.77 0.017 1.43 2.04
6 21.9 0.0 0.012 1.68 2.16

TE | ZHCEM L, 3 BIRTA 5T 5 1% A i
B Ik AT B A B L T A B, e 14
v

22 -
—a— =3 m RIS 5920)
2.0 -a-r=3m (FRERFRID
—e—r=6m (KW ITIE)
g - e-r=6m (fAjHZNN 7
1.8 F !
g /
=
=
Sef
1.4+ Ai*‘.“A-A"
1.2

-6 -4 -2 0 2 4 6
R B 0 B/m
E 14 FFiE 2 FEAE RS E [ 5 5 A
Fig. 14 Vertical stress distribution rules of middle

rock wall with radius of tunnel 2

HIE 14 mIA, fEAhRIRRE—E MTE LR, B 2
S S EH YN <p DS N VAPARIEN 5 N ) R R 2
Wi R, At 2e i W R R T A I T, B A =
AR T AR, N7 At S B A A R AR A
WAL AFFE T 55 T RS ML RS, AT Rk B
BRI T A 2 SR A /), ELTE 25 s R A ] Y
THOUT, BRIE 2 SEAe o, ) S ik it o 45 2R
UN e

HBEE 1PN r =6 m, EIE2 ¥4, =3 m,

HHEIEIE 8 73BN 9 m A 12 m, SRGTRELIRINE 2
IR
R2 HOI2 SHEE

Tab.2 Parameter selection of example 2

&/ P,/ M/ a/ b/
m  ( x10°N) ( x10° N - m) (x10°N+-m™3) MPa MPa

on,x:B/Z/

9 16.2 2.13 0.019 1.67 2.06

2 19.6 177 0.017 143 2.04

TE3R 2 SRR b, 23 3R A5 05 % i ]

A INE T AT B S s BNy o A B, el 1S
Bz o

24 ¢
—a— =12 m(AHFFT 7 75)
2.2 -4 - 6=12 m(fa L5 )
—— 0=9 m(AWF T 7 %)
20 -e-o=9 m(fHRE M) 2
s
£18¢L
~
16 1
14+ T A a—a -k
1.2

FHH J1c/MPa

E 15 AEEEARFNPREEE@MN IS HNE
Fig. 15 Vertical stress distribution under different

thickness of middle rock wall
HIPE 1S R0, FEPIRRIEEAR AT, B i
JEERESEIN, Ry oy A B AN, LB AR A,
RS e R R FE B AR S B R BEBOR, TR
5 SR PN IO. F) 2250088/ 0N o TRl PR NI TR A R R
R E/NTARPIFET AR, Ak 5 B N, PR 7
TR R 20K

4 £

ES IR DORANE L S eI SR T eh DA K i € N
WA R IEAT TOE5E, 153 T —Foa i sz IRy
it 5k, FEAHEWT

(1) 1320 7 —Mh/INg R T8 Hh e s 55 1V 77 73 A1
MR A Tk, Tk 3 A B RS
FHE T B S S L i T R RSN g A # AR 5K
THE b S it 18- 3 1O g RTINS 5 A 21 e g
PARiiDSKE 8

(2) AREFHAE T B SO B i b R g R rp e Bk
=G 1, FEAEPIRRIE A2 AN [ ™ A B 25
W T 25 R 7= A P9 BT 3 6 ik A 8 e A T 4K
AL ST 08/) e 2T BUE s P e 1 77 S B A i A



102

ST

$35 %

RS .

(3) FEASRIE BB/, 3E 530 e e ) SRS

W/ NFCF- 2 1 3 R RCRAR TR, T 2 5 J5 8 P R
IF, SN dia 58 ot el 3 32y AR AN 2

(4) TEEREE—E MM, HiERIE 2 F

PRIER, A BRI, R I A8 T A
), N353 A S A A R AR R s E W = 2
fe—ERTROLT, B iR R, VT o3 A 4
PRI, HIZ WA 13350, 25 5 1R i W A
ZEBREZ )N

Sk

References :

(1]

JREEDE, Y, WUE. /N R O M AR Bl W BT Y
Bl S5 (], 24 B3l By, 2012, 29 (2):
92 -97.

ZHOU Jia-mei, YUAN Song,
Rock Stress Field under Earthquake-induced Dynamic

GAO Bo. Surrounding
Response of Tunnels with Small Spacing [J]. Journal of
Highway and Transportation Research and Development,
2012, 29 (2): 92 -97.

SN, RE, B BT A ROTERE /N
VR R TG Lo [T A SCE R, 2008,
25 (12) . 138 —145.

PENG Cong-wen, ZHU Xiang-rong, WANG Jin-chang.
Mechanical Analysis of Small Interval Tunnel Based on
Three-dimensional FEM Model [ J]. Journal of Highway
and Transportation Research and Development, 2008, 25
(12): 138 - 145.

WREkrg, £, s/, . Jm B KW /N
WEIE ST AS A B s R [T ] 2 3% A8 3l B 4L
2012, 29 (9): 89 -94.

CHEN Qiu-nan, WANG Qin-rong, XIE Xiao-yu, et al.
Mechanical Characteristics of Supporting Structure for Flat
Super-large Section Small Spacing Tunnels [ J]. Journal
of Highway and Transportation Research and Development,
2012, 29 (9): 89 -94.

L, X, MeEst, &5 /R 2 R IE T
Rt [I]. 2 B 2@ A4, 2005, 22 (8):
61 - 64.

JIN Xiao-guang, LIU Wei, ZHENG Xue-gui, et al.
Optimization of Excavating Sequence for Closely Spaced
Bias Doubletube Tunnels [ J]. Journal of Highway and
Transportation Research and Development, 2005, 22
(8): 61 —-64.

BFELL, LM, IR, SF RBURES /N g R
A L) S E R EESE (1], A ACHERHE,

(6]

(7]

(8]

[9]

[10]

(1]

(12]

[13]

2015, 32 (12). 100 -107.

ZHAO Xiu-shao, ZHUANG Jin-bin, XU Chang-jie, et
al. Study of Mechanical Properties of Middle Rock Wall
and Preliminary Lining of Shallow Buried Large Span
Tunnel with Small Clear Distance [ J ]. Journal of
Highway and Transportation Research and Development,
2015, 32 (12): 100 -107.

TR, PUOCE, MRS NGHRRIE S ) SRR
ot (1], a4 ik, 2010, 32 (3): 434 -
439.

ZHANG Hui-jian, QIU Wen-ge, FENG Ji-meng.
Mechanical Performance of Shared Rock of Neighborhood
IR
Engineering, 2010, 32 (3). 434 -439.

XUBT, BRI SFATRDERRE R o0 (1], A
BrReeeRk, 1985, (3): 15 -26.

LIU Xin-yu, HOU Xue-yuan. Stress Analysis for Parallel

Tunnels Chinese  Journal of Geotechnical

Circular Tunnels [J]. Journal of Tongji University, 1985,
(3): 15-26.

P, KBRS T BRIR 1R o i SR e O TR
[M]. dest: Bhegdiie, 2007: 51-73.

LU Ai-zhong, ZHANG Lu-qing. Mechanical Analysis of
Underground Tunnel Using Function of Complex Variable
[M]. Beijing; Science Press, 2007: 51 —73.

IR, BRAEAT, MR R TRHEUSRR R T2 R AT A 4

HoRig (1], A D% 5 TR, 2012, 31 (2):
365 -374.
SU Feng, CHEN Fu-quan, SHI You-zhi. Analytic

Continuation Solution of Deep Twin-tunnels [ J]. Chinese
Journal of Rock Mechanics and Engineering, 2012, 31
(2): 365 -374.

KOOI C B, VEMIJT A. Interaction of Circular Holes in
Medium [ J ]. Tunneling
Underground Space Technology, 2001, 16 (1). 59 -
62.

RADI E. Path-independent Integrals around Two Circular

an Infinite Elastic and

Holes in an Infinite Plate under Biaxial Loading Conditions
[1].
49 (9): 893 -914.

Wle, TR, PR, R A R B 2
MASEHLHIBETE [T]. A 55 TR AR, 2011,
30 (32). 3557 -3566.

PAN Long, WANG Jian-guo, CHEN Lu-wang. Research

International Journal of Engineering Science, 2011,

on Stress and Deformation Mechanisms of Shallow Section
with Unsymmetrical Loading of Multi-arch Tunnel []].
Chinese Journal of Rock Mechanics and Engineering,
2011, 30 (S2): 3557 -3566.

BFT, PHZEA, XUSEER. MBS ATRE E T2



12 4

BEFEN, 25 BT PR ST BB /N BRI g

S0 AR 103

[14]

[15]

[16]

BL ) R RS o B [T,
(3): 413 -419.
YAN Li, YANG Jun-sheng, LIU Bao-chen. Stress and

b TR 4R, 2011, 33

Displacement of Surrounding Rock with Shallow Twin-
parallel Tunnels [ J]. Chinese Journal of Geotechnical
Engineering, 2011, 33 (3). 413 -419.

EHWE, BBIRAE, TKoK2%, S5 KBS/ R IE 5
THZEIES KPS BAESE [1]. A BASEPHE,
2011, 28 (3): 27 -33

WANG Geng-feng, XIONG Xiao-hui, ZHANG Yong-
xing, et al. Comparative Study of Rational Excavation
Method and Support Parameter for Large-span Small-
[T1].
Transportation Research and Development, 2011, 28
(3). 27 -33.

EATCTY.  /INER ) 4R T XUER % B TR AR M A A
(). A i 50, 2002 (9): 1335 - 338.
HU Yuan-fang. Stability Analysis of Surrounding Rocks of
Double-hole Urban Tunnel with Small Interval [ J ].

spacing  Tunnel Journal of Highway and

Chinese Journal of Rock Mechanics and Engineering,
2002 (9): 1335 -1338.

SRTSE, BRI, Befl, &5 /DN psiE v s R

(17]

[18]

[19]

SEPESIHT R [T]. AERt38E Ry 274k, 2016, 40
(1): 1-11.

ZHANG Dingli, CHEN Li-ping, FANG Qian, et al.
Research and Application on Central Rock Wall Dike
Stability of Small Interval Tunnel [J]. Journal of Beijing
Jiaotong University, 2016, 40 (1), 1 -11.

HOANG S H, ABOUSLEIMAN Y N. Extended Green’s
Solution for the Stresses in an Infinite Plate with Two
Equal or Unequal Circular Holes [J]. Journal of Applied
Mechanics, 2008, 75 (3). 031016.1 -031016. 13.
TSR, BRfEAx, TR0, SR i XML IE A
FReME AT (1] P EBGE R, 2013, 34 (1)
43 -50.

BIAN Xiao-lin, CHEN Fu-quan, SU Feng, et al.
Mechanical Characteristics Analysis of Surrounding Rock in
Deep Buried Tunnel in Karst Regions [J]. China Railway
Science, 2013, 34 (1). 43 -50.

2R IFAT R B A LR ) A3 AT B RS [ D]
Kb HEgR, 2008.

YAN Li. Analysis of Interaetion between parallel Tunnel
Excavations and Its Application [ D]. Changsha; Central
South University, 2008.

(L35 94 1)

[17]

LI Tian-yi.

Frequency Ground Penetrating Radar in Karst Exploration

Study on Study on Application of Ultra-low

[J]. Journal of Railway Engineering Society, 2012, 31
(3): 7-11.

AW, HFRAE, EIBL. TR0 58 ik b S R AR I
B E KRGS [T]. RER¥2Mm. AR
R, 2012, 32 (5): 79 -84.

SHI Gang, TIAN Yang-jun, WANG Ya-qiong. Signal
Processing of Ground-penetrating Radar on the Principle of
Deconvolution Based on Fuzzy Fractal Pulse [J]. Journal
of Chang’an University: Natural Science Edition, 2012,
32 (5): 79 -84.

T A 0. LI R O A 2 T 3 T AR P B R A

(18]

I [J]. ApgEEIE, 2010 (4): 50 -52.
WEN Zuo-biao. Study on Waveform Characteristics of
Geological Radar in Advance Geological Prediction of
Tunnels [J]. Highway Tunnel, 2010 (4): 50 —52.
BNRE, BAA, WE, SF. MR R AR
JEEBEIE F4 -5 SR IZ BT Bk h R [T, iR
KM T2, 2009, 39 (4): 65 -68.

LI Wei-teng, LI JIANG  Yi-guo, et al

Application of Ground Penetration Radar to the Geological

Shu-cai,

Forecast for Water-bearing Faults in the Jiaozhou Bay
Subsea Tunnel Construction [ J]. Journal of Shandong
University: Engineering Science, 2009, 39 (4). 65 -

68.



