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Convergence-confinement analysis of deep circular rock tunnels
based on unified strength theory
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Abstract: Based on the unified strength theory and a non-associated flow rule, a new analytical solution for ground reaction
curve of a deep circular rock tunnel is presented taking into consideration the integrated effects of the intermediate principal
stress, rock softening, dilatancy and a small Young’s modulus in the plastic zone. The Vlachopoulos’s formula due to its
rationality is adopted to determine the relief ratio of longitudinal deformation of the tunnel. The support pressure differences
anticipated from the convergence—confinement analysis between two methods for determining the initial location of support
action are discussed. The results show that the influence of the unified strength theory parameter on the ground reaction curve
and longitudinal deformation profile of the tunnel is significant. The strength potentials of rock mass are better achieved due to
considering the effect of the intermediate principal stress. The effects of Young’s modulus in the plastic zone and dilatancy on
the ground reaction curve are important. The differences of support pressure between two methods for determining the initial
location of support action are remarkable.
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Fig. 1 Mechanical model of a deep circular tunnel
WA A BB AR, JFRL RN ) A IE, S1-If
R ARIRAS N 4o B8 4
o, =q,0,+Y,, 1)
R @, =[(2+5) +(2+3b)sing, 1/[(2+b)(1 —sing,)]
Y, =[4(1+b)c, cos@,1/[(2+b)(1-sing)] . i, j N
Fr5 248, j=1 R NAZBALHT, XA e IR, j=r
FRMNAASG, AN 4R IR ¢0 @ 73 R/EZR
TIRNEE S b AG RIS, ) 3
BYRY g S FCTH b R 1E Y 7060 A4 ) et i s AR AN 1 53 i A
FE, BI(al =8 J) o, 88, 0<b<1.
EHEABHEXN, o =0,, o,=0,, HVHHD
JIRERE kR (D G=r), IFLAe=r, o, =p)
HIAFEA, SRAFIEIEDC RN ) A
o, =(p, +e cotg)(r/r)* —c cotp,,  (2a)
o,=a,(p +c, cot(pr)(r/ri)c‘) —c cotp, (2b)
4(1+b)sing,
(2+b)(1-sing,)
B LA X 8 g A R g )

ﬁqj’ C():

o.=p,~(p,—p, )R /7", (3a)
oy =p, +(P,—p, )R 117 (3b)
2 p—
u:(l‘i‘V)R (p" pY) , (30)
E r

X, E, v 205 Bl SR X R S SR A AR T .

LEBAYEVERS 5L r=R Ab, BBk X (8 3 2 W)
SRR (1) G=i), H =R LRI 1N ) o, M,
R E A IG5 T p, AEEPEX AR R 70000
2p, - Y.

S £ Tk N 4a
M B (42)
1
+c cotp |G
pi +chOt¢r

AT p DT py I BUE AT FEAR
&
TEHERIEXA, 6=¢,, &=¢, HAFKPKR
BENA IRV RAE 0 5 g) [k R A
Pep+&’ =0, %)
Xk, gL BIIRSAL JHE S BIE B IRA w K.
R S 2 XA 1 A ) G i g i T 2 A B 1
A2,
Be,+e,=B(e) +5)+ (e +&)
=(Bey + &l ) +(Bey +&5 )= Pes +&5 o (6)
R SCHH B 52 A T B X e o 2 )
1
g =—"[(1-v)(, - p)-v(0,-n)] (Ta)
e 1+v,

&y = £

TU“KX%—RJ”%@—AH’(%)

Kb Eo v 2050008 B AR DR SRR AA A EE .
¥t e =du/dr, e,=u/r X3\ (2). (7)) RN (6),

I LA SR AZ FE r=R AEHAL S Ry i 51, B

FRFEIE FEL SR X B A%

u_ 1 [(+n)(p=p )R (14v,)

o E E,
I:Cl <rﬂ+cg+1 _Rﬁ+co+1)+ c, (rﬂ+l _Rﬂ+1):|:| , (8)
X,

oL

1-(1+a,)v, + B(a, v, —ay,)](p +c, cotg,)
(B+Cy+1)r" ’
C,=—(1-2v,)(p, +c,cotp,) .
¥ r=r AR (8), HIFFREIEIREN % N
_1 {0+VXPO—P)R“I+O+VJ,

uo
7 P E E

1 T

|:C1 (}E/HCOH _R/]+C0+l>+ C, (ri,ml _RAH )] . (9)

}
M p, =0, X (9) FISRA TGS R IE A
IRKTAEERLE tomax o
3 (9D RIA BB Bl ik e iAo f, Bk 17
BEIETABENI A u, 53 ) p, ZIRG R - IEHIE 22T
R ZOB R ER 5 5 18 T RN S o, « A AL
ST LU SRR DX AN [ ) s PR B S 58m, ) B



112 " + T OB %

2012 4F

S S BB E AR TG O, REiE TR 2 1) TR AR A .
2 FREMNE TR 2
BT TFHE S B b A = 4E )@, KR & A R TE T
ML, B AR THE A T HaE R ks
T WSCHEVE R o BEA 28l 25 7 A AN R R BE R AR T
T EIE N FEAT S, BE I R B S . R
1015 77 AN TR ER 25 ATt S, B4 BUAN A (1) S R T
AND 2 T BEIE DN 0 AR T I b AT AT, 2
THAMAERIN AL A . Panet T 1982 45 4%
T = e RS ARD, JE T 1995 4F X2
EE, AL AAGE T 9 E S s Hoek BET-HAN T
FESZIECHR 0 24 sCPHE Y F AT s Basarir 2544
AR50 RMR S ABREN A k), A
AR ETHZ AN IES:, B2 6 N
HENUAE S, Kbl HAE, Ak,
Vlachopoulos %5 DL & B K IEVE X 248 Ry A FEAH A
SER AR, fEFK Viachopoulos A3, AT BB
ek, HFRIRAN
.1 .
zt-—gexp(—OJSR ) (=0),

(%)

omax

(10a)

=u exp(x’) (x<0), (10b)

u,(x) e o
" =1-(1-u")exp(~1.5x"/R") (0<x). (10c)

max

b X" =x/r 0 JBRTEN I S AE R T2 0 A7 AR
b, x=0 FRIRBEETFZM, x<0 KoRTHZIMETTT, x>0
RARITEIGTT 5 u, (x) JAARR x Kb BB BE A2 17 407
¥ 11, (X) Uy FIAERT x REFIBEIE L RS RETBCREL, 0™ H
THZI x=0 AR REIAREG R =R, /70 Runax N
P, =0 I {1 N C4bO B E 1 TE 37 Bl B KB TEIX 4%

A0 HE T FIE B K IEVEX AR Rax (IR
X A S (Ruma/ri=1) RSB 1 [ 25 (Rinax/ri>1) 3238
HL, RIS B S RFETE VR L A o Mt T 7 1R 5550
Wi, H5p 5 B e th 2 i AN 25 5, RATRGRIN
W, BIEASCEE T30 (100 SKHe AN [ v A 20
73 oy BN IREE A 1] AR il 2 K SCHP S T3 (R 5 o

3 BHINthRZIFENHAE

WOCHER[4] T ARG MR 2 AT S 000 i, SEAPR)
Z40: 0,=150 MPa, E=42 GPa, v=0.2, my=10.2,
5§=0.062, a=0.5, E~=10 GPa, v=0.2, my~=1.27, 5~0.0002,
a,=0.51, ¢;=14.1MPa, ¢ =45.8° , ¢,=6.4 MPa,
»,=28.3° , ' my,, s M a j Hoek-Brown 5if 5 #E ]
VRS HG mys e M ae IR GRS ELG ¢

Yo, ¢ 5@ 501 RocLab #AFH 5T 450 4
VI AE gk bisy s S5, BB 1ol 2.5 m,
WILEHLRY ) po 55T 58 35 A M BT R 58 o, o
3.1 B E R S 3 BEE L E) TS T h 2k RO B2

W4 RS S H b B RS A ] 3
J1 o, BIsEm, 2250 b 53 0, 0.5, 1 1, H (4b)
KA 7 Bt KB X VG BB R/ 43 000 2,33, 1.89 Al
1.71, M (10D #fEEENm AT ths, w2
FT7R o

I 2 AT LAE . S50 b KTBEE I 17 A8 I i 2
R, B b ISR, BORIBIE X AT R AW
N, BEIEH AR TG I AW T, B RS R IR R 2L
AN, ELS e )0 R PR W /N o B TE T T Ak
IR B R B ™ B 23.5%~25.8%, {EJT% 1
JEJ7 1 ASREE AR, BN 0.5 [ FRIE EARK, AF b H
) (1) 07 8% 8 i 2R B50AH 22 e K, L dp K 4a st 4l 22 o0
9.3%, LI{E 3 5 ELARAL, %I T4 THT 1) 2% [R) 2508 1 2K o
FEREIE T ISR 7, ANTH] b (E 18] AN 22 T il 25 22 531
BIRN, BRI 2 f5BEIE AR AN A T AL RS RE T

1.0~
09F

0.8L
0.7+

—o— h=0
0.6} —o— h=().5
05l —a— h=1
041
034
0.2
0.1}
0.0 oss s s L L i
-6 -4 =2 0 2 4 6 8 10

xfir

ol e

2 rh{a] E R 4 X REE Y ) 2 h £ A 20
Fig. 2 Influence of intermediate principal stress on longitudinal

deformation profile of tunnel
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Fig. 3 Influence of intermediate principal stress on ground reaction
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Fig. 4 Influence of Young’s modulus in plastic zone on ground

reaction curve
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Fig. 5 Influence of dilatancy on ground reaction curve
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