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SCALE EFFECT ON EQUIVALENT CONTINUUM ELASTIC MODULUS
OF COLUMNAR JOINTED ROCK MASSES BY DISTINCT ELEMENT
METHOD

NI Hai-jiang™?, XU Wei-ya'?, SHI An-chi®, XU Jian-rong®, JI Hua'?
(1. Key Laboratory of Ministry of Education for Geomechanics and Embankment Engineering, Hohai University, Nanjing 210098, China;

2. Geotechnical Research Institute, Hohai University, Nanjing 210098, China; 3. HydroChina Huadong Engineering Corporation, Hangzhou 310014, China)

Abstract: Scale effects play an important role in evaluating mechanical properties of jointed/fractured rock
masses. These phenomena were studied through use of the distinct element method. The Voronoi diagram was
introduced to simulate stochastic joints, and the coefficient of variation (CV) was used to estimate the resolution
of a certain property from numerical tests. A large number of numerical tests with different geometric sizes were
carried out. Then, the scale effects of equivalent continuum elastic modulus, E¢q and equivalent continuum elastic
compliance, 1/E¢, were statistically analyzed. The investigation shows that: the estimated deformation REV size is
about 4 times of average side length of a Voronoi polygon with acceptable variations for CV of 5%; the mean
value of specimen’s E¢q obviously decreases as size increases, and the mean value of specimen’s 1/E, increases
slightly with increasing size. In discussing the applicability of the results, it is better to adopt the reciprocal of a
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mean specimen’s 1/Egq as the lower bound of E¢q, while the mean specimen’s E¢q should be used as the effective
Eeq in engineering. This method was finally applied to analysis deformation data from in situ tests of Baihetan

Hydropower Station.
Key words:

rock mechanics; scale/size effects; distinct element method; representative elementary volume

(REV); elastic modulus; jointed/fractured rock masses
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Table 1 Physical-mechanical parameters of rock and joints

SRR RN
B PRPEAR R WERIEE  UIRIRIEE KSR R
THRA L

(kgem® GPa (GPa+m™) (GPa-m™) MPa (9
2900 65.1 0.23 204.1 69.7 0.6 36.0
2 7R T RFA 0.1mx0.1m [ Voronoi B L
IR T AERUE A . BAL T SRTH RE 1a) o # [
E, HAE B H BT R 2N, AL L
RN — ¥4 N7 s=1.0MPa, 10 5244 FH DA
L 792 1 ) B PR AR IR T, B AT AE A, Y
PRAR IR IR, Ny AR AR B2V AR .
R E, AR B, A DS R A
A/NT 0.01m B =M TE B ITRI o A% o B0 s 4
BE RS G, $E B3R AN AR T s AL
. JFFHCERIMEIE R ERE R EA K, ERd .
P ixl ROPRGERE, SR BAT 2 st S a5 3o

B,

Ey =

all e

M)

d = BRI AT AR K

o~

a

S S g

A

— AR
— Mt

S - A R

F - R

B2 0.1mx0.1m (1) Voronoi BEAL T 5 A KA AR 7Y
L8 Sul S 3is
Fig.2 Numerical model of Voronoi stochastic jointed rocks
and boundary conditions, 0.1m X 0.1m

1.3 ARIRSTHEHTHERE

ASCHEEL T M 0.1mx0.1m F| Imx1m ) 8 ZH%k
EBR RS, XA RS T A R IR B = U
WRIE(WIE 3 fioR), PARIEAE LSRR Gt 45 R
(e FEPE, BRI RE B0 N AR 150 5 L 2%
25—, %5,

v
v
v

ENGIS i it

> > —>
AFRRF

K3 Al adon s B, EdEENL Voronoi HA
JsH4r5108 0.4mx0.1m. 0.5mx0.5m. 1.0mx1.0m
Fig.3 Schematic view of generations of jointed rock masses,
the size of stochastic Voronoi models in the figure are
0.1mx0.1m. 0.5mx0.5m and 1.0mx1.0m, respectively

2 EENHERERELRNSITSH
Table 2 Number of numerical simulations and the statistical
analysis of the results

RoF ixiim R3Huk Ee IGPa (/11 E,, )IGPa CV(1] E,, )I(%)

0.1 4128 35.2 235 0.90
0.15 1349 27.5 23.1 0.92
0.2 644 24.4 23.0 0.82
0.3 225 22.9 22.5 0.92
0.4 123 22.6 22.4 0.87
0.5 106 22.3 22.2 0.71
0.6 101 22.7 22.6 0.70
0.7 93 22.5 22.4 0.57
0.8 7 22.6 22.6 0.57
0.9 55 22.4 22.4 0.63
1.0 34 22.4 22.4 0.64
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Table 3  Statistics of equivalent continuum elastic moduli

based on horizontal bearing plate test of I11; class columnar
jointed rocks on left bank of the Baihetan Hydropower Station
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