$39% 531 " L T ® ¥ ik Vol.39 No.3
2017 4F 3H Chinese Journal of Geotechnical Engineering Mar. 2017

DOI: 10.11779/CJGE201703019

ETHRREFNRETES T RAREN

AFEL 2 N, AR

(1. AR SR I RAOT R S 22 HE ME SRR, Jta 100083; 2. S LBV BOTHBERAR AR, Jbat 102600)

8 JSTHURE R A R 4 0 07 B DR T BUA R rh R E AR MR M, MR T L A ORI R A AR T |
JER A R A 2 R R A B O 2 ) 7 T B AR o BT S AR P RIS A R P SRR T RS R AR DR (MR, B T
EIATAE R AR P R AR R T3 0705 MBI 5 RO Tk BT 5L 71, AT Fisher 7041 B804 AL
GEAE #1716 BT RO BE AL B 00R s WS sE 4 T UKL P i AP RE R AR AL, THEE TR AR AR . A B2 7 5C
ARAFARTE o J A T E S A RA5 8, A Monte-Carlo 77 VESEHUN JEU A= T B B s F AT A B S 7 SR A
TR LS ST, AT ST AT T B 2% DUBe (7 BT BUA A . HERAE R OR: Jo T BB h THUAR R B AR e R
CASKREBAR N AR 07 T BLA R RY p BE R e S O, AR T BE AT IR N ., IR A B DL SRR AR N
FE T B IR Y ARE R A A R, T By L R A I o 2SR T T U A R AR

ﬁ?ﬁ’f/\ e %&LWX
KR (FETHEAA PURIRRR T WHELOR, WEILS; HERIR
FESES: TU4S XEkFRINES: A XEHRS: 1000 - 4548(2017)03 - 0540 - 07

EZEEN: ©EL0974- ), 5, WL, BIEK, TENFEEA 2S5 TETEMNEES R T/E. Email
jinaibing@ustb.edu.cno

Numerical model for jointed rock mass in particle flow code and its application
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Abstract: To simulate the joint network around mining tunnels and to conduct the stability analysis of tunnels in jointed rock
mass, a numerical model for jointed rock mass containing particle flow block model, original joint network and secondary joint
network is established. As the orientation and area of internal secondary joints are unmeasurable, a method for calculating the
secondary joint orientation and area under unloading is put forward. The unloading direction is calculated according to the
change of stress tensor before and after excavation, and the stochastic joint orientation is generated around the unloading
direction through the Fisher distribution function. The area and radius of joints are calculated through the change of energy
stored in particles. The density and orientations of the original joints in tunnels are measured through surveying lines, and the
original joint network is rebuilt by using the Monte-Carlo method. The secondary joint network is rebuilt by using the
secondary joint method. Finally, the realistic joint network and jointed rock mass model are established. The calculated result
shows that the tensile failure firstly occurs at the top and bottom of the tunnel without joint network, while failure firstly occurs
around the oints in the realistic jointed rock mass model. The original joints are mainly sheared to failure, and the failure mode
around secondary joints is mainly tensile failure. Failure occurs mainly at the rim of the tunnel, which should be supported
firstly. The two side walls of the tunnel should be also supported in particular. This study may provide reference and advice for
tunnel calculation in jointed rock mass.

Key words: realistic jointed rock mass; particle flow code; joint orientation; joint network; tunnel failure

0 B = A AR, R BRI . AR P
EREERMFER A KRB, o
rR LS JE AR T BRI R A T, A A rp Y B B R AR AR HSWME. EREARFEESTH (51674015); i BJE g R M AR

S 4 AR TR B LR A S 55 PO TSR 8 BRALS BOTH (FRE-TP-14-036A1)
isHHEA: 2015-12-28



33

SR, S S TRURER P 0 FCTT R AR L LN 541

BN B i, AR M e A e B G E B,
FEALARTE A ARG R, S N ARTEA R
AR E T B R

TR A AEEAR, RURIRRE Y 2 SR AR
I 5 R R A RO 1. AERRL RS 7, AR
TR BURIBAA AR, FOGHE T BRI R AR 2, AT
FENLATF AR, 2k AR RN, AR,
Kulatilake 25251 % py 4788 536 F1 PRC™ {E R 5%
WA 7 5 R B LR B A IR 1 0 e Xu 5P
WL T AR R ENZ Mo, MR TE
FracSim3D H 8 3 = 25 B W 2% 1) 77 74 .

X =4 X 2% R F 7t L 2R AR 22 il ST,
FAEA R —RRAESL TR, HAX 75 A
AT AT, T SRR b R AR T B AR B I AR
BT K AR 2 AR 1), AT vz fe e FELROKR,
TR AR 1T EE 2 TR Bl far BT 3 B0, 520 95 A PR
THTE RSNV ) 2RI A 2 S, DA E 28 R o
HH R0 Sl B ST AN [ () BT AR A

NS e A AR TR T ERR G, A BT B A
BRI 3 AR BRI | A T BRI IR A Y
B, PRl = R TS SR T, R
AT AT AR S Hb I A s R B Monte-Carlo 77728
ITEHE, HRATTHEMEEY, JCHA A RN R
PR NA I, 5 R R 2 A R A
TERBZIETH . R, AT B X 2% 1 AR S A A
5 LT HR A R AR (1) S

FA PR AN N R R, (R
B3 e 5 T (I 7 B AR H S R R R T . ik
SGIRNEA I E R Ny BE Y T RICR N g & e 21 o N U R e
o 2 S [ AR T 5| S 1) 77 R0 282 B T B 7] 7 38 KT
U F3l N AR RIS e PME DR T
VAR fi 2 P AR S T AL B TG A R I RE A A
TREN], Rl Ty 2 FH T B2 7 B 2w i) 2R B e 4 P
RSP AE . PL BRSNS B B R i 7T, R
AL RGN TN

St s fr) A, AR SC M fp sk AR P R g 5k AR A
SRe R, S T AR PR AR T B PR
AR = Oy R G I e 3 1 w2 i e N LRI P = S L e
PR AT, AL S ORI BT | Ji A T RN
DR B T AR, aT T AL
FREER e

1 EEERA TORETETERE

MO WS FAZIE R R, i A TR
A, BLIPRE R IR (B AR IR BRI
IR T VAT RGP AR R S R R A LA

ERHOI R DI, AR gy e U A
, MR A B ST B T A
1 PHEARTE

(1) Eaf 7 M 5

76 PFC BT R fEr, @it Fish 5595 v
AU, WS BURL N, ATk, 0k R PZRT N ik E
DL IR RN 1k, IR sk E 2, (N
FINWAL S i

i
R
1.

T=T-T, (1)
A, TOVEIG R I5KE, TOIHZRIN 15K E, T,
NIHERGE A N K

EIAT N ) TR Ty SR RRAR R, X HAEAT X 1k
B, B 3ANENIIN G, o Mo
o 0 0
0 o ](m

0 0 oy

O« Tyx Tzv
’
111 = Txy ny sz _)111 =

sz T vz Gzz

X, o NIERIT), 7 NEIN ).

KA HIRN) 3 M ER o), o) Ml o) %40
ERANEHHT, ®mRIE e, XFRJT FRTZICHN
L, m Al ne $o RN THITTREA, 7] 5K E s 575K
IR NS A CIP N AR

(o,—o)l+ T, m+T n= 0
tl+(c,—o)m+7 n=0 ) 3)
T 1+ T,.m+ (0.—0o)n=0
P+m*+n’=1 . “4)
[, CHEMAS AL, AT R, e
SR AT % <

: (5)

Gx - 61 v X

o
T, o, -0,

Kt (6) A (4D, 717

net—S (6)

JA* + B>+ C*
M T4 2

[=%

4
NA* + B>+ C?
B

me=t———2 L )
JA* + B*+ C?

C

A+ B*+ C?

n=t=




542 =

+ T B % ik

2017 4¢

(D KT I AR E R T HE R,
AT AT AR BERAT 1, m A n (4R, BN S
JIMI K ET7 ], TR RIEN VR B S B S ) 7 1

A% BRI U A 0 A PR BT R R e HE N, B
I S TR WTREA vh ZHE AR R ERTR
R E VAN R e VA 24 A TR s L 1
bb, IR, T R R, AT,
A PR AR BR AL TE BAT T T IR g, T
T HRBE I S AR S A R T s AR TR
HRLEETR AT I, TTHZE 7 A R R AT AT AT T
H R AR I S, R BT T i ) S S A )
RECFAT.

AR FELSE TR0 DA S TR S PR M gZ 45 72
Wetea i, HET RN sk B R K TR o, B
AAETTHR T o, I, E A RO R G E T a6 9 & A2 ik
ORI B RPN A N ETANAA L N8 5 NG YA
D77 I ALSTAT AT IR 7 A

(2) TR PR AR

THL A S ER T A VIS, (HZiE 2 AN
T PR R IS, 3B Bn TR s B R AN AT o
TR, ) P 7 P i 7 VR 2 M AN R R 45 4
T PRI ANFTAT IR o DS 5 B A ST 25 R AN e It R R
R PR PR AR AR

AR SN B 32 1) B E LA AT 7 1) A O
) —E T A AL, IRANRRSE I GETH A . X i i)
R — 5 FH Fisher /) A ik ™, g B3R EHG 7 M1E A
VB, Fisher 73 A0S e AT LA SRS 19 B IHI ) 25 K
o

FEE B AR A (o B, KHEATIER
bR g, HERRET WA (6 0) Fon, HEE
R
f(¢’0):Ksineexp(xsinesinécos(qﬁ—q?)+cos€c059_)’

4msinh k
(8)
X, (¢, 0)YNTFIREITFA, « NRBEHRE TR
ERITEENSH, MRS .
WA NAATE, 5B AATEER R TT MR LN
(Lis myy n), WA

ARSI

o (=1
(n—|R])
MRS, BARRR R z HEHEES (¢, 6)
FHIES, x ORFEE xoy P L, MEETAIE (4 O
A E (Ad AQ) RFEIR:

xsin AQ exp(x cosAQ
S(Ap.A0)- Bl cos 29)

4rsinh k
O<Ap<2m,0<AO<T) , (10)
ARG AG, AOM) RFAE R EN
F(Ag)=A¢/2n (0< A¢p <2m)
(11)

e;{ _excosAG
€ —¢
F= AL G Fisher 2045 I BEALECH
A¢ =2nn

AB = arccos{ln[e’“ —(e* _e_K)U]/K}} » (12)

el g (0, 1 K5I 4B

P M7V o B0 B R L S 5 B
FIRHE — e P, BESE T BT FIBM, X
8 TR B, BT L
1.2 TEEFATE

B G R R R RO 9,
ST B R RO B BRI P 045 2,
PR O, AR BRI, I
LS TR U S22l .95 S o4 22 T
HIRE R, BBCR ST

BRI S B IR o P AR — s (0 R B
PR E7 2 A R, R
P L L

(1) 8930 By TA1e SRR F7H % B0
Ktk B3

=)+ (mfg + F)AU, + MAG) . (13)

KX N, NBRECE; mf NBIRE R E; ¢ NE
JINGEEE; F . M, N4 Ai R B aE e a7 L& )
MG IR AU, AO, 4TI 5 Bt o () 67 # e
i, bAR e RORGEIN D, o1 RoR T —RE,
(2) WFRE Ey: BRI TN FEXT ROR 5 &
ST
EV'=EL+Y (FAU +MA6) »  (14)
A, N, OB S .
(3) NAFRE E.: MURLAMZMHAEGERER . 1E
2t
EC:%Z(|E"|2 kPl kY . 5)
b N VBEARECR, [F7]L F vk
15 k", kS ORVEIAAIY] R A NI
(4) FhE56E Epp: AFETETPATRISS PN RER
f;" |2 [?}S 2 |A7[Ln|2 |A7[f 2
Pb_E[Zl Ak Ak Tk LR

ES

1

. (16)



SR, S S TRURER P 0 FCTT R AR L LN 543

%38
in

Aep N, ATATEGHC: B, [F| AT R
R B AR k" K NPT B T
MERIEE: 4, =R AR R BT, J, =0.57R" Ky
RGBT O BAEAE . 1, =0.25nR* BS54
WIS : R VB R E .

(5) BhfE B PTABRLEEIO AR, WI5F2)
AR B B)E

1&
Ek:EZ(’"fV[Z Lo o) o (17)
i1

Kb my RRRVE R VOB 1 )
& o NMEE,

(6) FEYERE Ep: WKLV B BEHE AT HFEHIRE R .

E;H :E; _zc((Es)S“p(AU[S)S“p) . (18)

L (B PIBIRI T s (AU Y™ i sh i # 3
Ho
L PFC H N H fish 15 5 95 dr 20, Wil #1 1T
BT 5 ORI R RE AR Ak, AR ETBRBE R I 2 DT
TR TR RN
AE=2S1 (19)
K AE NREIRER; SONTHEIIA; 1 oNAEAR
MBI IRE, W T 387 AL B HIAR B 2 1 i 75 22
MIReE, B AR ™, AR SN 50
mJm*.
AT NBT AN, B BN B 22 A . A
AT PUSRAS B AT e
r=+S/nmt . (20)
gk FRTR, ASCUIAS BLAERTHEN A ISR, 45 G W
FOSFEPRE AR, 0T EN AT IR A A IR g
T AS BN T AT E A AL DA SRR 524
A TR TR 4

2 METEEFREEISNA

1R SRS EE R 2 9 25 44 (R L 22—,
WO, AT, BIERSR T E . LAZTIX —
SHR-196 KV CBIE N TR 5, IRGEILIZHUE
IR 45 R SR AR, St I A R
TSR AEMPEST N 2%, FR = B AR R
TELA AT TR 5
2.1 FBRORIRIFAREY

XEEIIHEATINEE, REUFEETEA .
E I o I A T SR A AR ) B P PR SR L SR AR
BANARALE; I = AR IR N I T S N R
s I BB R BRI I PTHLRE . A A
WS RESHIE 1 iR,

=1 AENFERSMN

Table 1 Mechanical properties of specimens
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Fig. 1 Particle flow model for underground tunnel
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Table 2 Mesomechanical parameters of numerical samples
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Table 3 Orientation parameters of original joints
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Fig. 2 Construction of joint network
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Fig. 3 Realistic joint network and jointed rock mass model
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Table 4 Deformation monitoring of tunnel (cm)
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