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Scale Sample Preparation Method of Red Bed Weak
Rock Filling Material Based on Fractal Theory

LIU Xiaoming'*, LIU Kai', LIANG Xinquan?, QU Shizhang', CHEN Renpeng'
(1.Key Laboratory of Building Safety and Energy Efficiency of Ministry of Education, Hunan University, Changsha 410082, China;
2. Changsha Metro Group Co Ltd, Changsha 410005, China)

Abstract : Using the fractal theory, the preparation method on the scale sample with same fractal dimension of
the in—site filling material produced by ball mill was studied. Based on the requirements of simulating the in-site
repetitive crush mechanism, the ball mill was selected to prepare the scale sample. The effects of the experimental
influence parameters such as the number of rotation, number of steel balls and initial particles size on the goodness
of the fractal simulation and fractal dimensions were investigated by using the orthogonal tests. The effect of sec—
ondary crushing on the filling material during the preparation of middle Triaxial specimen was further examined. The
results show that with the following crushing parameters: the number of ball mill rotation is 100 rad, the number of
steel ball is 9, the initial particle size of the rock is 20mm, the middle Triaxial specimen scale sample with the same
fractal dimension as the in—site filling material can be prepared.
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Fig.1 Schematic diagram of pressure breaking of weak rock
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Fig.2 Two—logarithmic relationship of
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Tab.1 Factors and levels of ball mill crushing tests

S W REA fmm i3 M EREL
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60 500 12
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Tab.2 Orthogonal test programs of

ball mill running parameters
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Tab.3 The calculation result of fractal model
of red bed filling material

S Rin D || WSS R D
1 0.8627 2377 6 0.804 2.688
2 09613  2.490 7 0.900 2.454
3 09575  2.650 8 0.882 2.536
4 0.860 1  2.368 9 0.776 2.732
5 09127  2.604 — — —
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Tab.4 Range analysis of correlation coefficient
of red bed filling material fractal model
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Fig.3 Relationship between every factor and the correlation

coefficient
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Tab.5 Range analysis of fractal dimension
of red bed filling material fractal model

Rt WIUHRIAE /mm T NEREL
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Fig4 Relationship between every factor and the fractal dimension
3 ARERHAGGE R &

31 HERBERGIESE

= WA IR IR AR A TR - B ST T BRI PR
A ZIRLRE , SR J5 AR o 52 (ol g R 5 ) ks
TEH VAT 2] 25 Fof 4 HE MU A3l R o 512 (il
RS ) i R, i 2™ AR TR , B HIL il
R R 14 SR

ASCLIELYy 14 KR EURME N AR, I
45y 2.510. 0120 2 19 0T 4E SR i LU 2 e HCR IR
KA 20 mm BREEHLF L 200 5% NEREL 9 NI,



5114

XNIGE A - 56T 702 B IO L2 B0 O AR FORKR 48 07 15 131

7= 1y UKL A A3 TR AU G o0 TR 44230 H A
B HAHC RBEK L, 7345 B aTE e
A B AT HAHOC R B KM 46 OB, AR AE IE 28
PIG A R, 2 A A SRR e ik
% 20 mm FE%L 2004100 BRE 943 #E— A5, iR
RNk 6 Fik.

%6 MREBRBHEABHE

Tab.6 Test programs of scale material production

UES BIUARIAE /mm L1344 EREL
10 20 100 6
11 20 200 6
12 20 300 6
13 20 100 9
14 20 200 9
15 20 300 9
16 20 100 12
17 20 200 12
18 20 300 12
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Tab.7 The fractal particle size calculate result of
red bed filling material under crushing of ball mill

WHHS R RS || SRS R R4
10 09311 2.435 15 0.961 3 2.549
11 0.940 6 2.471 16 0.967 1 2.485
12 0.944 6 2.535 17 0.986 1 2.510
13 0.937 8 2.455 18 0.981 8 2.580
14 0958 1 2.485 — —
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Tab.8 The fractal particle size calculate result of

red bed filling material under secondary breaking

WS R JDBEE RS R BZE
10 09428 2468 14 09663 2518
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Fig.6 The result of typical particle distribution test
of red bed filling material

4 45 iF

ARSCE ST T BB E S AR A LB, B T3
B SR FHER I LA 25 55 BL 7 SEORAH ) 3
i 4 ROBL R REAR, BT T IE S S B AR 1 4 Bk &K
TR BN A YIRS S B S RO e 7
Yy R TR R A2 s SR, 5 B8R F A VR —



132 R KA 4 (A ARBEA AR

2018 4

YRR, 3 T I BRES AL £ 5 BU 37 3R} 5541
T4k 2 ik g s ROBH) 7 ik P4 B DL R 4518

1) EUIA LT )2 R R 2 8 2 R B, BRI
MLIEBE 53 B A S a4 RS LG E Nk E,
AT DU RS 21 5 3037 0RL 30 4 1230 ) R R AR
g5 ROBE, B2 VR R iR ER T, A48 5 B
IR AR R AR AL

2) BREBHLAE R0 25 P 2R X R S i 21
JZEURS A3 TR LI AE OC R e 32 RS2 < W)
LRI ER B BRIE LB XRS5 (21 2 35
B HERGE IR B S RIUF 2 - BREE DL B— 0 4h
AR —PIEREL

3) AT A AT LA A8 i KR AR A 20 mm
K VLT 0948 ROBE, nl i 2 b/ =l g 2ok an i
o B A K A ROk, I8 208 FH At a5 4% o 45

A ) R figp e LA S, ASBIF 52 0 % AR 7] 43 T2 48
ASTA i KORE AR 48 ROBE A 1 gk A T 50— 2 1 56
T, e S L RWE 3 SR 2R

Sk

[1] STROHM W E JR,BRAGG G H JR,ZIEGLER T W. Design and
construction of completed shale embankments.Vol.5 Technical
guidelines [R ].Vicksburg, MS: Army Engineer Waterways Exper—
ment Station, 1978:78—141.

[2] BISHOP A W,HENKEL D J.The measurement of soil properties in
the triaxial test| R ].London: Edward Arnold Ltd, 1957:145—164.

(3] FEKWI, A AT AW, S5 SUIUHURLI T 224 08 i RSO F
FE[ 11454017 ,2013,34(6):1799—1807.

WANG Y M,ZHU S,REN J M, et al.Research on scale effect of
coarse —grained materials[J]. Rock and Soil Mechanics,2013,34
(6):1799—1807. (In Chinese )

[4] MANDELBROT B B.How long is the coast of Britain? Statistical
self —similarity and fractional dimension []]. Science,1967,155:
636—638.

(5] BXHE,UN, K38 S LT B BB OB R B3 32 5T [ .
IR 2R AR , 2015,41(1):75—80.

ZHAO M H,DAI J,ZHANG L,et al.Research on the permeability
properties of fly—ash based on fractal theory[J . Journal of Hunan
University( Natural Sciences ),2015,41(1):75—80.(In Chinese )

(6] XUWERA, fRIC&, BIAAE. BET 700 BRI 2L R O PR T B
DPIERTEL) TR R SR A AR AR , 2013, 40(6):27—32.
LIU X M,XU H F,ZHAO M H.Research on the method of eliminat—
ing the slacking properties of red beds weak rock based on fractal
theory [ J ].Journal of Hunan University (Natural Sciences),2013,
40(6):27—32. (In Chinese)

[7] TURCOTTE D L.Fractals and fragmentation [J]. Journal of Geo—
physical Research, 1986,91:1921—1926.

(8] skt WAV, K35 3C, 45 A SERD BRAY R it Rt rhoRLAR 23 A1 (1 53
TATRWFELT ] TR, 2015,37(5):784—791.

ZHANG ] R,HU Y,ZHANG B W,et al.Fractal behavior of
particle —size distribution during particle crushing of quartz sand
and gravel [J]. Chinese Journal of Geotechnical Engineering,

2015,37(5):784—791.(In Chinese )

[9] JuHmp, ;A5 ARIGET 55 45 KO R SBR[ ) ). =k
SFRCASRRIERRD ,2013,35(4):37—39.
YOU P B,WU L Q,SONG S Q,et al.Fractal description of scale
methods [ J ]. Journal of Chinese Three Gorges University (Natural
Science),2013,35(4):37—39.(In Chinese )
[10] e, KW, 575 UL IR e 25 S B2 (1 20 R0 B 5
[ 1A 15 5 T REE4R, 2011,30(2):348—357.
ZHU S,WANG Y M, WENG H Y .Study of scale effect of density of
coarse—grained dam materials [J]. Chinese Journal of Rock Me—
chanics and Engineering,2011,30(2):348—357.(In Chinese )
[11] ik, GRS IR 2 JE T 337 R AR U ) S0 24 1
ARIIES ORI ) A £ TR, 2009,31(6):155—
160.
ZHU S,LIANG X P,FENG S R.Back analysis of mechanical pa—
rameters of naturally graded rockfill materials based on large—scale
loading plate tests [J]. Chinese Journal of Geotechnical Engineer—
ing,2009,31(6):155—160.(In Chinese)
e IR, BRIE R, 55— R BT B SIS R HURDR A N7
103134906 P 1.2013—06—05.
ZHU S,WU L Q,WEI K M,et al.A method of scaling of coarse
grain based on fractal theory:103134906 [P ]. 2013 06 -05. (In
Chinese )
(13 ] B8, 2ok AR, T i, 8 56T 000 B HOHLRDRL 2 46 N 7
EEEL) )45 £ 1%, 2016,37(12):3513—3519.
ZHAO N,ZUO Y Z,WANG Z B,et al.Grading scale method for
coarse—grained soils based on fractal theory[] ].Rock and Soil Me—
chanics,2016,37(12):3513—3519.(In Chinese )
[14] BREEIF AR, B AR AR T 030 B A HEDRE - 4 R0 K o
BEVEBRIR L[] )KL BETRAY:,2013,31(10):121—124.
CHEN M F,ZHU J G, YIN J H.Study on scale and strength proper—
ties of coarse grained soil based on fractal theory [J]. Water Re—
sources and Power,2013,31(10):121—124.(In Chinese )
[15] Fes st/ segii, A8 P E 202 1 43 A Kt BT RAE L) .
TREHLTAR , 2004, 12(1):34—40.
CHENG Q,KOU X B,HUANG S B, et al.The distributes and geo—
logic environment characteristics of red beds in Chinal J ].Journal of
Engineering Geology, 2004, 12(1):34—40.(In Chinese )
XA XTS5 LU AR SO B SRR S A
FELI]rh B A 741, 2003, 16(3):1—5.
ZHAO M H,DENG J Y,CAO W G.Study of the disintegration

character of red sandstone and the construction techniques of red

[12

[

[16

—

sandstone embankment [J]. China Journal of Highway and Trans—

port, 2003, 16(3):1—5.(In Chinese )

R JSAR B AR I [ M ] 138« [R5 RAt, 1998:125.

LU H G.Introduction to powder technology [ M ]. Shanghai:Tongji

University Press, 1998:125.(In Chinese )

(18] M MITTE, Fik M, 45 ARG 28 S B me o[ 1.4
MR T.22,2012,34 (1):19—22.
ZHU Z X,LIU G H,YUE D M, et al.Study on gas drilling cuttings
breaking during the return process[J . Oil Drilling & Production
Technology,2012,34 (1):19—22.(In Chinese )

[19] TYLER S W,WHEATCRAFT S W.Fractal scaling of soil particle
size distribution:analysis and limitations [J]. Soil Science Society
of America Journal, 1992, 56:362—370.

[20] o, B 2L IER SRR B IM AL 5t Rl Hh Ak,
2001:35—55.
FANG K T,MA C X.Orthogonal and uniform experimental design
[ M ].Beijing:Science Press,2001:35—55.(In Chinese )

[17

[



