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Randomly numerical simulation of water flow field in
fractured rock mass with finite element method

LI Shou-ju, LIU Ying-xi, FENG Wen-wen, HUO Chen-fang
(State Key Laboratory of Structural Analysis for Industrial Equipment, Dalian University of Technology, Dalian 116024, China )

Abstract: The water flow problem in fractured rock mass, in which the fracture aperture is distributed randomly, is simulated by
using finite element method. The fracture apertures of model elements are generated randomly according to the average value and
standard deviation of fracture aperture; and material parameters and element properties are changed by ANSYS parameter design
language. The equivalent transmissivity of fracture is computed according to flow flux through some section computed by FEM and
Darcy law; and the relationship between the equivalent transmissivity and roughness of fracture is presented. The numerical
simulation investigation shows that compared with straight and smooth fracture, the equivalent transmissivity of fracture with rough
surface will decrease slightly. For the investigated fracture model with 0.5 mm average aperture, the equivalent transmissivity of
fracture with different standard deviations of fracture aperture changes only 5 % while the standard deviation of fracture aperture
fluctuates from 0.01 mm to 0.2 mm. Traditional governing equation of water flow can not accurately depict the transform principle of
water through rough fracture because the definition of pressure water-head in the equation ignores the velocity item.

Key words: equivalent transmissivity; fracture aperture; normal distribution; APDL parameter design language; finite element simulation

AR, AR AIZE T HAT W 2 138 S A

bosl & SR

REARIAM RS KRR, R BT
TATE LR D BHGE M AR B IE R . ik
(MI2IE REUE BRI T KB EEE S,
EW LI RAP AL RAE B . AT AR AR T
TFR BEBRFNPEIZ SR RI TR R B Y5
FI AR ORI S0 [ A4k i 13t TRy i AR
AL PR RS R AL DL, RSB

Wk H . 2008-01-04

X T B AT EOR UL, TR s
XS R RS e SRR S AR R . RARE
PR KR AN SE I s i T, s B
2. BB, CHEEM. A, XL s KR
TR A OO T, M N A A
TREFPZIB RN RE IR T REUA R
MRS PRI I S0 e AR € PRI S . Ak

FEH: EFRARBEIESRBINH (No. 90815023); [E5 E LMW 5 &ML H (2007CB714006),

BAEER . BE, R

1960 “FA4, 15, #HZ, FENFS IR SHUGTH R T HFFT.  E-mail: lishouju@dlut.edu.cn



2120 b + 0 2 2009 4F
2 b TR AR AN T il AR BRI TR R (157 TE R ZE ALY, BT T S4B R IR I AL Sk

e BRI, G Ty BRELRRE A ) 2E e K ALK D)
LR HRTIE ST AR TRt

R RN ) B R DR b T2 b
HAR (B0 SOH Ry RBE®. fErEs
TR, s AN, HORBRIESS, iR b
(13235 K R 5T A AR, 25 X2
FRN TR RGN E AN %, AT
FEAREE HPAEFLIR A T (LUK 983, B3 20
4 50 FARYINA TFaa 4 TR A R K )t
J UL R S AR R BT e s VR, RN
IR 2 AR B PR R EEAK T S50
52 AL AN, AITHEET T AH Y (R4 Aok
JEERE R w2007 4E) SR T YE RS
BEAY, HHIA T RBUE RIS S, LT 28T
WA IBIE R AR, SRS, R4S B ITis
FIBHEICR, HET BT YA (192 35 R M
BE. ARIEATST (2003 4F) X2 FLA R kT M T
SO RIAT T RGHIVPR, BHELGR T RH B
WRIUTIERET 2 FLAY I YT AT Al 2e . 7
RIS REE . D (2005 ) (A1 T [
PR AT R PR AT RS A B 1 R I R,
BT LB, 2 RPE Mo B B2
LA T gerp K A IR R RE A N FH S 5. X1
[H 450 (2004 4E) WeHEM L HIR R 75, RRER
TEZ AL P A 8 R B AT i 78
Z LA TR T B i A0 AR [ e L
CLA TEHERE A A SRS A LT R S8, @Er T
Z AN B A T B R, S
T B R BCS A LB 2 A 1) g Ak
R, BT A TALBRAARR 2 O 53 A B AL
TR BE 9 BRI 54 . Ghodoossi M (2005 4F)
FFE T A LIE 20 9 28 v ORIV AR AL S I, B2
T 2R MBI P2 e, B T Huk G S50
SAREI L) B4y TEAER B L. Tran 1™ (2006 42)
HENL T R BRI £ K AR A AR, AT T
I, FARPEIATT e T ARBIER 53
BRas I SEF . Zhang!™ (1996 4F) RJUk 107
PAAYS T, BT WAACE BAT 3 R
ARG s R, e T R A PR B L AR
53 $0AT WIS ShBTRURLRE [ 24 BR KR [ 77k Peratta
(2006 4F) M H T —FiUgiel — 4EBR P AR T B)
7k, BRI CRH T B EOC I R T, DME
RS FIAT 5 A B A o — 4 52 2% ¥ LT T AR R R
. Doughty ! (2002 4£) K HIBEHL Sierpinski

PE, R0 BRI AKREG AT T AL T, BRI
TR FE RN B 3 A, d5 e K 2 T ) 248 A5
P25 L 5 LA 5 vEAS B 10 45 BT T X Hr .
Tsakiroglou " (2000 4F) RFUMEMLE . KEREA
IR R0 J, BRI T KRS AL BR 4 4
FEPE L LB R R 2R AR LB Y 28 A AL
BRI 73 TEARRE BERE Y, 4R T PAT AR iE 2
BERAESEIE . Hunt U7 (2004 4F) DUEESEGS B
oy TEAE RN A, 9T T AR 3R IE RN
Y TEAFAE, G T A THEB AR s FUARR LG I
e, BT IR MR 358 R BRI ik,
AR L g T R B S K I BOR
MG RHEAT T HAE T [F4E, Hunt!"S)7 & SE
B PR AL ARV LB I 2 TR BRI C R,
55T Rieu H1 Sposito 153 TEAR RN S 42 3 47 7
AT R ARMR 19238 KA B RIA, @ T
FEAFN L3 R UK S R B R IA R, %R
BB I T TR, [ R BT (A 5
B HEAT TR L2 HT . Yul'™ (2003 4E) B T4M B
B, ATHES B S R 2 FLA T35 1T
RIS, BT BB RS ILBRR T B 41l
BEUES 1 23 A (R B o e [ RO B AN 6 9 e 12
(i 2 TRERARAIER 2 R i s RAR I 2 4L
MEL R LR R S S T 5
SEARE B . ASCIET ANSYS A BRI A
1 APDL ZHibiE 5, RAHEUERHRU G R AEA
[Fi) 4RI FEARUE 22 441 T (BB AGR FK R A, 0T
TR TR R E S LR FE 2 TR &R

2 BB A R OCAE B L

X YRR AR AGB T L A o P
2 2
611+7,611

y

o’ W
K T, 7,00 x Ry 7 SRS (ms); H
AR XT3 1 L FARAT, BRI K
SKAE TR PR

T=T3@1), (x,ye) (2)

X5 2 Rl FA A, BRI A e O
PRI

T,

X

=0 Qe

ToT/on=q, (x,y€f2,) (3)

A o5 1 2RA 5 Q ERERIKK: ¢ 4% 2
FIUG Q, LR n WINELTT .



557

Ay BRI A I TTREH B BT 2121

RIRE AR AT BRI R TR R B S LR
7%, RALRGEUFER) T ES BT HE LS K
SKIFIE, B 1 AT R AN RS A R B I
WEFURNT,  RBIT LI 70 Al BAT I ABLE 2 70 Ay
P, I 2 S S R LB B 4 A

B1 ZTFEEANREESEEErEE
Fig.1 Schematic view of morphological properties of single
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Fig.2 Aperture histogram obtained from measurement
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Fig.4 Aperture histograms simulated randomly
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Fig.5 Distributions of fracture aperture for different
standard deviations of fracture aperture
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Fig.6 Distribution of simulated randomly fracture
aperture of flow model (unit: mm)
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REAL FUNCTION NGRN1(U, G, R)

DOUBLE PRECISION R, S, W, V, T

S =65536.0, W=2053.0, ¥=13849.0, T=0

DO 107=1, 12

R=W*R+V, M =R/S
R=R-M*S, T=T+R/S

10 CONTINUE

NGRNI1=U+ G* (T-6.0)

RETURN

END

DOUBLE PRECISION R

REAL NGRNI1, A4(400)

R=12.0 ! Mr1%, RRFEFEBES, DMRIE
FEAI Z R
U=0.50 I BT, mm
G=0.05 I BT BE AR 22, mm
N =400 AT PR TR BT I AN AL
DO10 I=1,N
10 A(I)=NGRNI(U, G, R)
xlow=1000. ! /K25
xmu=1x10" | /KIFE
g=98 D 1579555

open(l, file = 'transmissivity.txt")
write(1,*) '/prep7'
doi=1n
b=a(i)*1x107
trans=b**3*g*xlow/(12.*xmu) | 5 S/KRZE
write(1,*)" mp,kxx,',i, "', trans
end do
END
SUBROUTINE NGRNS(U, G, R, N, A4)
DOUBLE PRECISIONR, S, W, V, T
DIMENSION A(N)
S§=65536.0; W =2053.0; V=13849.0
DO20 J=1,N
T7=0.0
DO 10 I=1,12
R=W*R+V; M=R/S;
R =R-M*S; T=T+R/S
10 CONTINUE
A(J) =U+G*(T-6.0)
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RETURN
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Fig.8 Distribution of flow flux in finite element model
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Fig.9 Maximum flux in fracture versus standard deviation
of fracture aperture
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Table 1 Average transimmisivity for different standard
deviations of fracture aperture

5% SDg / mm
0 0.01 005 0.0 0.5  0.20
Teo/(10%m¥s)  1.021  1.020  1.012 0996 0978  0.967
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