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Research on disaster-induced mechanism of tunnels with steeply dipping phyllite
strata based on an improved ubiquitous-joint constitutive model

ZHOU Pengfa, SHEN Yusheng, ZHAO Jianfeng, ZHANG Xi, GAO Bo, ZHU Shuangyan
(Key Laboratory of Transportation Tunnel Engineering, Ministry of Education, Southwest Jiaotong University,
Chengdu, Sichuan 610031, China)

Abstract: An improved ubiquitous-joint constitutive model(Transverse Isotropic Elasto-Plastic Ubiquitous-Joint
model), which can take into account both the strength anisotropy and the deformation anisotropy of phyllite, was
developed in FLAC?®, and a formula for analyzing elastic deformation anisotropy of transversely isotropic
materials was derived. Furthermore, the excavation of the tunnel with steeply dipping phyllite strata was
simulated, the corresponding destruction mechanism was revealed and the validity of this model was verified. The
results reveal that the tunnel surrounding rock is very prone to shear failure along the weak plane due to the low
shear strength of the weak plane and that the tunnel surrounding rock of the tunnel outline parallel to the weak
plane is prone to tension failure at which the tunnel outline is parallel to the weak plane because of the low tensile
strength of the weak plane. The concentration of the compressive stress can lead to the shear failure of the rock

matrix while the tensile failure of the rock matrix does not occur in the process of tunnel excavation. Under the
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influence of deformation anisotropy of phyllite, the displacement field of the surrounding rock shows obvious

asymmetry. A larger ratio of the horizontal stress to the vertical stress will result in compression deformation of the

surrounding rock towards the tunnel, which is the main reason for the failure of the supporting structure. The

research results in the paper can provide a useful reference for similar projects.

Key words: rock mechanics; phyllite tunnel; transverse isotropy; deformation anisotropy; constitutive model;

further development

1 51 B

TEHL R AR ST Mot it ferh, FlA 1%
FEME R PR E S5 e R E R 2R . BT T
A B AR =S HO A B, 7RSSR
H R TR TE S v 5 JE AR b 5T A 42 4% ) [ 12
ok, e R CIEN, T RIR A
5 HARTE & 1) Sk 2T R0 5 4% 1) S T
IRKARRE Esgmaxd JZRER 14T BV . BRI,
K2 7] S ) 2 T R AT R A R R TE 1) 7
ot T b E R

THCEE NI B JZ IR AR, & ) e e 2
J1E V2 B T 2 S ) RiE . T. Ramamurthy
S 3R R T T RCE BSR4 S o —
“U” BIhZ . TR IR R S Hs B % ) 7
PERFAE VIR G . = Py ke 45 SR O R il S B T
A S EEBIRE ST BB R, THCE
Ty A 55 T 5K B AL e DR RIS 55 180 (40 7 B DA
[EISF, B3 % 55 1 1) A B BT U R B I R A
Y7700 BN AR SV BARE, THCE WA 5
KRB RIKR RS T, MU R 1 S
& ER s MERBUHIETT AL B 30° ~45° (1)
SR P, B AR R 3 B U S A T 1T RS
BIUIR . Ba i, X PS5 X A A R R
WiV 5 K 3. C. Jaeger! B H 1) B 55 T B0 R 47 79
WMo FHELZT, EXTTHEE AR TE & 1) 7 P AT U AH
St . Ko Hu ZOW B R g R SR, THCE
IO Bl 5 7 A ARt 2 — 2% “U” R4k, £
W] 7 THUE B B2 e o5 m) e MR R . (A5
BAE, HHT A B PR I PP AR A SR Fion)
VTN T-MUE AR T 25 1) e HEARFALE

H—J71, BT EIRE AR IE T 5
ANPERNIDAFAE AR, TP RZ K& MFE
PR AN R R B 25 r) Rt AR Y . ol 1R
RENHAT T AP SR R 1T N, it
SRR - AR, 5N ™ P
BEAT T MU FETE it T ) 24T 50 A I 259 SR FH 1) R

AR, 25 BT T T HCA KBRS
PIH) ST G IR R, B R FH B AR # R A Burger-
Creep Viscoplastic (CVISC) AR . HIR HFlA
AR O AR T2 AT BIRE A (E )
ST A R RO (B R A R AR R R, AR
/b [ N 2% 8 R A 1 i P & [ S P AR T 5 1)
S, FLAC™ v 45 g )3 A7 37 B AR R — 5 FE
BRI A CE ) I 2R R & n) S, H R R
WA F G A CE) AT & k. 1Ak, B
A FLAC™ 1A B f) 4% 00 S5 ik 38 4k 3 A 4 AR 7
(anisotropic elasticity ubiquitous joint model, A<3C &
PR AEUJ RSB GIN T A AR R AU & 1] [R] 3
T, ABR H B 2 A 2 18 A FE AR I BV S,
X 3 BRI AP RLE 32 3 1 BT R0 A5 17) [R) P~ T
77 6] R B2t 82 A R ) R 58 G PR ) ) R, 2
PR R T SO AT T ER AR, R B
[ 14 A T B Bl 3] A% 3¢ 10 3 A1 T B2 v (TR U &
[Fa) [) 1P SR Pl A 15 PSR, f&TRR TIEPUJ), AT LA
WG FR B, (HJ2, BT AR i) S AR
AT IR, BRI AR T B ) AR o) jE b %6 15 2
e I2H .

M ERBF AT LLE H, THCE BA B R
& ) RIS T A 1) e VERRAE, B OR = )35 T4
EBIA M AR TR AT FL R & ) e, T
MUE RS TE % ) 7 A AE 200 50 i =2 40 AT B
A, FELRESEE A Z B B EMR. #HS
AT TP T HCE AT & ) S PR R AE A 3E A 5,
Pt B AR T % n) MR E R R
Xo BT, KETHUEEIE SR B P00 R
I TR ORISR . T RN
J& T MUE 58 B 25 1) 3 M R0 AR T 2% 1) S 1 (1) 07 22 A8
B, JFRAIEER 15000, fas TR BEE I AR
BL, o TREEEAA EEHRSENE.

ASCMHE 22 (AR — 22 M ) Bk 2% 4% R PR o T
F(THCEILE), 3T B IR2 0 F2F FLAC™,
P 88 UL - T[] A 5 0 {1 i A7 =5 FASE Y (TIEPUD )ik AT
TZUIE R, N HEEEAT TR IRR. ST
RO 7] [ PR AR A 22 T e e 25 1 e e D 2K



* 1872

A1 TR

2019 4F

i T THCE SRR A 1 e M 2 T A R 2
TAZARIR, P IE 2 TR AT 7
B, SUAEELE BIBOARHIE . R PIRAES KA T RFIESS
JrTHl PR BEMTT MU FETE 18 e KA K AL o
AICHEFLE 1 15 A IR T HOUA BEIE 2 A 7C
RUEAHS%.

2 TIEER

21 IfEMR

MFEIFEEEN T UNERE LTS, BXEE
PR ST HUCA RIS THCAE N E . RS R ITRE
18 DK113+209 Wi At F st %, HEE NERR T
Fo TS B TS BT AR B O R 0
Bl 1 fR. THeaZE 7Ry N60° ~75°E/70° ~
85°NW, HbJZEn SPEERIZ 1)K R 9° ~24°,
SIRIE ML RATAT . I SRS B R T
B& X th B 3 AT LA s BORIKSP LR ) 20,42~
23.37 MPa, ZI AR AHLN IR 2 £, ERKFFE M
T EBRIE A AN 25°~36°: f/NKFEHLR
11.10~11.99 MPa.

I

FHL L 55T

MY

Fig.1 Typical failure mode of the surrounding rock
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Fig.5 Methodology of transverse isotropic elasto-plastic

ubiquitous-joint model
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Table 2  Plastic correction equations of Transverse Isotropic Elasto-Plastic Ubiquitous-Joint model
ponm B0F R JIREE IR SRR TE 77 e R o IS
o
=
=\
ol =0 —dA" (SN, —Sh) ) B peso
i . N e “2e N
;;f; o =oL" —dAI(ShuN, ~Sh)  date o e TI0 TN S e
M . - N (SmsNu/m - 53311)N,,,m = (S5 Nwm =Shn) s‘tf‘ z Q\\//
oy =0y, —dAy em(sspsssNV,“ =Shn) 5 ~0
ok
. ol
m
Mtk ol
2
2 ol =of  —dA¥ Shss - K 2
R R TEe N dagm = S s [fT=ags
(oy) PN pees tension-o3 @ p 3333 ,\*“«\ ""\\/
oy =0y, —di, St 6
ok
oh
Lic
13
oL = IS + S tany )
sy ORI eSS ] ol o g o -
IR Lch _ e shearp @ LIC | g LIC i T gUcgue S0
oy =0y —AAT Sy + Sy tany ] 1313 T 9333 tany; tan @, /S(’%%
O'lLBJCN :O_II_BJCGHN —-d ﬂ«;hcar[sll-sjlg + S]I.}J}L3 tan '//J] ¢ tension ~0
J
AT i g
(il
T Lic
13
O_]L]JcN _ G]L]ch“““ —-d ijlcnsinnS‘I]J]C] »
4 N i _ 05 0 P
ﬁ&ﬂ: O';ZJL :O'ZLZJ( —d/l; SZL;; dﬂ,j =% J <0 45'(’%%
N guess. : 3333
;JC :‘731-3]0 7d/1jlcns\nns;3j3c3 »
f ;CHSIOH — 0
0 Lic
33
NE N N 5 N gucss L G
I, 4 2 AR A R R o2 =g _qAmeigy g geenoigy
o Y RN .
IRVE L 4% 1 PR BN 1223 A2 - dA,"" 8], 24)
N s tension— tension—. N guess . i
Glpl _O_lpl _ dln:!ﬂslon O3 Slpl33 _ dlnfnslon (o) Slplzz (19) O_;)} :G;):; _ dﬂ’:nsloﬂ o3 8?5)333 _ dﬂ,:nSlOn (%) 85322 _
N guess s Ciom_ tension—
0-52 :O-;)Z - d )‘Itnensmn » S§233 - d lrtnensmn ” S;ZQZ (20) d /1r:n8mn 5 55311 (25)
O_;: zo_;iuess _ d ltension—ﬁ; 83{)333 _ d itension—az S3p322 (2 1) Xﬂ'@ﬂ:%ﬁi jjﬂ E‘]mjj*’ill}:jj‘%_%Iﬁ E’:] Hﬁ'fﬁu /% iﬁlﬂ\j
m m

X T TG AN AR N2 A LE T RE TR LA SR 0N

guess

p

t
dﬂvtemion—o'2 — 0-22 — O-m
m

55222
A 3 A ENIIRAENREEE AR, SRR
JIEIE bR BN %5 A2«
guess dl[;ensionfog Slp133 _ dl{:nsion—o’z Slplz2 _

N
P — P
Oy TOoy
tension—o; Q p
dﬂ‘m Sllll

(22)

(23)

d ﬂ/:mion—o-1 — m (26)

Sﬁn
F I, T FLACP ) C++R2F8: 0, B4
B HHEHZAFIERE R T FLAC (fi B8l 5
Ho BERR, 2 BT SR AT 4% 1) S M R A
TS T 1 2 A7 THHZ AR 56 AT VPR
3.4 ZAHIERITE B BRI TN
(1) B A5 [ 51 b 2R 10 A



* 1876 «

HA1E S TR

2019 4F

AL R ] R v U TR B 1 AR
SRS T S Lo R4 1R 7 1k R 5 % ST A il
AT AR — 2, RSB R TIRAS TR, AR A
P 35 % 17 S PR 25 R

. 2c,
. |min { sin(25) » 2¢,N, } (x>0)

_Gﬂ =

mmmz

Kk =1-tang, tan (28)
EAERNE, PR o) B SRR
M TR PUE SR N IR, 5 FLAC™ FyIEJE
LR R E M I o 0 A Q7)Y FT 5, 2477 1 f
B=nld—p 2, FOEFERRhET 5 A B ME .
(2) PR ) T i 2 B VL A
T VR ARG IR A RAR T - 1) P R AL
TEL, S AR B M A R 1 45 1) S P R AT
HES:,  FEA BTN & ) [E) 1 AR ) B AR T 25 1) SR
PEREPE. 5035 B8 — AN BRI A2 e AR L % ) [ A
PERFEAR, il 6 Firas 7 ) g r 4 s B AR Al AR &R
XS X{HMAEN ST PaZARAERR R X
J71a) g, A IS £ T R A S RO A 0] [P T
I o (0<a<<2m), BB a] [F] VP 1 15 A
RO (—n/2<O<m/2). VI [ [F) 14~ T (175
o XY, BUERF RN XY, BMBRZ R R X
B RMEMAMARR X . W 6 FATLIEH, &
a2 NN EE TR A B S NE S A A [
S A) S50 0 KRN p=n/2-0.

@7n
(x<<0)

>N ’

X3 X5

Ko Sl ks
Fig.6 Loading mode of UCS test

M B A AR 1) 2 SRy A FR) AR bR AR ik B mT DL
TR ARG

sinacosf cosa sinasiné
[8;]=| —cosacos® sina —cosasind
—sin @ 0 cosd

PRILMRT R T8 6 MRS T SR s e

1
Ea 97 (29)

H1 30(5) 3 14 22 2 5K B 0 AR AR AR e 8 ST BTG

_ G _
&3 = C3333O_337

£
1
Ciﬂy§a3a a‘3ﬁa‘3ya3b'
18 A ST L 5K BN B DL R AR AR AR
B a, =0 KIFE, B HGEAF R A [F
SR TR AZBEE T 1) B IR Ry
E(a» 0)=1/[C}, sin* @+ Cl, cos* 0+
(2C,;; +4Cp5 ;) cos’ Osin® 0] (31)

E(a, 0)= (30)

Hr,
1 1 Vv 1
Cll]l] =E’ C3L333=E_’ ClL133=_€’ 1L313=E

1 3 3 13

G R REOUL [ [F] PR AR A &
A7 [ AR B, e R 5% 07 1R R 1) [
MPHIIe A K. AT EWRNL, b Jeikin—
P FIPERIE S, @S m R S5
A RO ) [F) 1 S ) 7 2, SR 5 1)
() P AR B B % 1) S P 52 P E S B s e 35
& A RS EUE 70 SPERE E = 30 GPa,
HIAEE N v, =02, XRMETIUIREE NG, = 12.5
GPa. BT @) v, IR RN,
IR st e e e A 4D 5 ] S5 P o TR P2 0K 5 M A 6 AS
o, WA HS, BCEE A, =v,, =02 . 77
WE . E MG, ERIE W RS EUE,
ANRGDFHLHT o - 0 FRABFR R ERABIERRE
TH 7(b)H), AT 150 2% (A B A 1) e T

W 7 B, ASIE RO & e ) 1 st e S 0
BT, APRRR 2 [ e % ) e 2 T T 52 300 A R )
B, HE 7(b)Rr &N, & [ [E] 1 5t 2 4
E,=E,=E,,» G;=G, kv,=v,, I, B [
PERS RN IR A A5 ) ) kst e AR, H s ] s i
oy — U IR & B N mskik . B 7 Fid
ATCUE H ROV ) (R PR AR D 2 T e e % 1) S
T W Rl 1 T S K 5 R PN I R 2
[Fa) 140 P AR 73 KT 2T REOUR % ] [ PP T 2 [ A P A
& E, MW A ] [T N S AR B, = E, o THITE



H38E HoM JEI NG e -

S T et i A T SR () BB 51T AU A3 SR AL F

* 1877 »

v, =02 !
E,=30GPa
E,=30GPa,
G,;,=6GPa |

v;=02
E, =30 GPa
E, =30 GPa
G,; =12.5GPa

(2)

v,;=02 v;=0.2
E,=15GPa E,=15GPa
E,=30GPa E,=30GPa
G, =6GPa G, =12.5GPa
(@

23—: ;)(.)ZGP £ Vi m 02

1= &< E,=30 GPa
E, = 15GPy E,=15GPa
G,; =6GPa G, =12.5GPa

(®)

E,=30GPa |
E, =30 GPa
G,=25GPa

v, =02

E,=15GPa
E, =30 GPa
G,; =25GPa

V=02 .
E,=30GPa
E,—15GPa

G, =25GPa

@

K7 SRS 1 b it s 1)

Fig.7 An example of elastic anisotropic surface

LA 1] [F) PP T T VARA L v, — €I, IX AR
() P e A o i P o 9 T SN2 G, g2, il
G, W38k, Ak la) il e 2E el ) < MR
IR T AR R AR A 16 [E) 1 A4 A TR
AT A 15 AT, R 2 BN REOUL A () [B] P
[V B YR & G, BT, 10K 50 2 BB 2
RO (] ) e P AR B . FRT TR, Utk
AEAXT RGBT LA, 75 S2FR i) 35
HRRT PR B DT BAR T .

R T AR TR ) 5 ) S AT TR A
I ) P AR ) 3 1 2 B R 5 4w ey RO 4% 1) [] 2
PRI B e A0S, SEBR TR E R Tie it B)
LA SRR 58 Al 33 & 1) SRR . W T
T A& S OL U S BT B, T
HEE 6 UK R, KXGO)HTTALA BT
TN AT LTS B AR A 5 1] [ 1 550 P A R ) LA 5 ) S
P2 ) RN

E(B)=1/[C};, cos* B+Cy,,sin* B+
(2Cl,, +4Cf 5)cos® Bsin® f]  (32)

KA (32), AILE SN PR T 58 R AH N A
RS FFE B F [, DUFR S A AR Y ()i Y
IV 2 B 7 VA B TR 1

(3) Bk R 45 BUE R

NI UE AR (1) TERf P S SR L S % )

FEVERHIE, RANZAMIBERIEAT T Bl 48 25 (E
5o RH—ANAKN 1 HI/STHAR B ITHET 550 R 46
SR FE(UCS) MG, BT (1) B AR A S BRAR ) Ll 52
JORA . BRI SH S % RS TR A KR
PP % T8 PRI 00 T R0 R 15 21 1Y) Sl s 47 1%
B Hodr, SPHEIA. PSR S FEAL o 5l
% S T A R 4R 50 R B = 0° A1 B = 90° MR
TR fEULEERE I, ARYE B =30° I [ s A
BEMRLE R, RARXG2)REG FHEHAINTUIREEG, .
TR BT 58 B R S A S5 ) Bt IR 41
B =0, 30°F190°iX 3 L%, IHHR4E J. C. Jaeger™
P I RS S M T B AT IO, R T MOE
LT 9 S BT (A R DA BRE s, R 3E
PR BY 5 13 2 MR 30 B A 52k iS5 U R i =
4556, SR B =90° B AR RE ~ (Ul FR £ 3
WAL A H o - MR e oe R, kiR
PUBRE S WA AR PIRRE S G
SEROLFF R EL P BS 2RGSO R SRR IR 15
S H AT E, HBUE S T. Ramamurthy 2510
REEFANRF . Horb, TR 5 B 5 B 2R
(5] 45~ T BT % ) [P SP TH R R 0 PAT T
SSTINE: T A B AR R R BT B R
(5] 5~ 1T~ 47 TR0 & 1) [R) 1P T, R DR ES
ZORFER B TR RN . BASES TR F.



<1878 ¢ 1S TR 2019 4F
* 3 THEEAHUERRZSH
Table 3 Input parameters for the numerical test
HAFARRE SR AT T H R SR PP B p
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0 24.16 12.77 72 0 11.26 2.84 0.59 3034 3087 185 009 041 2600
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Fig.8 Comparison of theoretical and numerical results
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Fig.9 Numerical model and boundary conditions(unit: m)
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Fig.10 Elastic modulus equivalent method of the initial support

g, ==ATEA (33)
TOA+A
X E, A 73 AR B SRR N AR R
SR CA R B R R TR E, A 5
DA R R R ABE B R A R B B T AT A BB
A AR
AU, HIIA S 2 P SO
;):AM+A%:&&+A&
“ V. +V, A +A
Xt p, VI3RS B o B AN S Rk SR
TENBEEHRE L RIARL o, VRS
GIE VN AR il N
TURAT TSR SE A BT R A A
BEATRAN, iR BT SRR I . WIS
TR WIS E I 4 s

(34)
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Table 4 Physico-mechanical parameters of first and second
linings
I E ZUAHTHI(C3S IR L)

Ny W SR e LR
(z;a) b (kgem 3 m E/GPa

. EE R
HRALL (kg-m®) m
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Table 5 Physico-mechanical parameters of bolts

BEAFRRTE REAFORVERR BEAFESEE BEFFPLRL oAl
H/mm? #/GPa  (kgem ) IEE/MN D/m

AR MRy RARR o WREL o,/ KRR KRS
JERE/mm  Y)iE/GPa WIE K, /GPa  \qp,

&N-m') EAKm R

380.1 200 7850 0.21 0.04 9

9.5 16 0.82 102 0.126 25

F: k, =21G/[10In(1+2t/D)] , ¢, =m(D+2t)7,, -
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Fig.11 Distribution of plastic zones at Y =25 m
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Fig.12 Distribution of zones with different failure modes
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Zone Displacement Magnitude
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Fig.14 Displacement contour of surrounding rocks at Y =25 m

(unit: m)
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