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Research on microstructure fractal features of the saturation soft soil

XU Yong, ZHANG Ji-chao, LI Wu-ping
(College of Civil Engineering, Guangzhou University, Guangzhou 510006, China)

Abstract: Fractal geometry is a method of discovering the rules such as self-similarity of irregular curves, the self-inverse of
irregular figures, the self-squaring of fractal translations, the self-affine of fractal groups and so on. If it applies on the research jobs
of micro-structural fractal features, some key-techniques of soil microstructure mechanic would soon be solved. To use the fractal
geometry in micro-analysis of saturation soft soil, the most important thing is to get microstructure fractal features parameters such as
the fractal dimension of grains, the fractal dimension of holes. With the liquid nitrogen refrigeration sample-made technique, the scan
electronic microscope technique (SEM) and the image-processing-analysis and computer-vision technique, 46 group samples’
microstructure fractal features parameters of saturation soft soil which withdraw from Guangdong Scientific Center are extracted. By
adopting variable gradually linearization regress analyses, the relationship between the fractal features and the porosity are discussed.
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Table 1 The typical physico-mechanical index of test samples
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Fig.1 The theory figure of liquid nitrogen
vacuum-freeze-sample-made system

22 MR HMEME R BER

VR FH S0 2 2 VA U T RE B A i 45 1) i T
TP IR HARRES, K BRI R KF ) |, &
PRV R 11 FH T PO L7 (DR S LR S B E,
IR AT 'S o S I A VR BIRE S B IR S R
W, Sz, A TRk ns R T T
FREERPERE R A . DO . 55
BE,  DRUEFE S BRI E i B0 B2 1 BT 3 N IR 64 T
MELRHI, 76 DR AT, BRSO LS SR
BEMACIAT WREE G, A S B AERE AR 1,
% 4 5L >l 20~30 nm.

e b HE 511 46 4LRFE I HAS Hitachi S
—3500N 413t s ) FE B A TSR, AN AR
Oy A T OCAE A 3000 %A1 300 £ (1)Kt B
Js FETHARE 96 TRED B o IERI 1B £ A AR T
IWTIR,  SEAER RO AR T B B ) 258 5t
1, PR B TBORAS Bdn sk, URIE DTS A1
TR .

2.3 MR TSR G

WL B R g . 7K
TN T R A 58 7 YRR L B 4 4 1 R
FREAT VR TRAR B, e JE 25 ) B 38 AR i ) A
AT G M SR AR, % 23R LAk
AT TG 7 TERFIERT 7L 1 S

3 PAER T R IR AT
3.1 SrHERIEX

Iy TR AL 1 AT AT 73 ek R 3B LA
o 4Eif i Hausdorff iR KR, HEAA
EXWTF: WER—ANrsE 1, L, L, ..., 1,
L. e HE{E—EaeE S RIE ERIFXN, a
NRKTEREE, & HWXIMEHE K. % Rk
E 1) Hausdorff 4N H; (E)

H;;(E):inf{ip,r :01, eE,|1i|<5} (D
i=1

i=l

WARAAE D, , 4 2 0<a<p, I,
HY(E)—>w; YD, <a<olf, HI(E)—0, WFK
XFEM D, A s4E E 1) Hausdorff 444

OYYERENLE T HARRIMER, DR, 0T
B, HEMER R & 7700 N(e) M AAHEL, HY
A EEABAUR R 3, XA BRI 73 dE( ] R 7R A

D = —lim V) 2
e=0  In &

X e BRI N(e) AAEIZAREL TP 2 1= E
{H; D AW SR



B VFOBRAE: MBS TR R IR TR BT 51

3.2 SHERIEE

22D FAI T W e A 8 23 T o AL i
MW —ZR51 e 52 5N N(e) o« 1EXCREE
T, InN(e)—Ine ELEHI MRS FTiE TR
BIYEE D o« NIk, YRR S R I 23 TE R
SAHUNRIORL 53 A1 53 44 D,, FILBR S 4B D,y (F171
HOTEAT LR 2 Bk,

K2 WSS ERERR
Table 2 The microstructure fractal dimensions
calculation method
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Fig.2 The chart of grain fractal dimension
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Fig.3 The relationship between grain fractal
dimension and porosity
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Fig.4 The chart of hole fractal dimension
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Table 3 The hole fractal dimension of soft soil

HRE A KFE/ m
23~25 43~45 63~65 83~85 103~10.5

ZK1-1 / 1.768 3 / 1.7827 1.782 4
ZK1-2  1.8692  1.8282 / 1.897 1 1.689 5
ZK2-1 / 1.749 2 / 1.7753 1.668 5
ZK2-2 1.7147 / 1.797 4 1.756 8 /
ZK3-1 / 1.758 0 / / /
ZK3-2 17997 / 17836  1.7026 1.6279
ZK4-1 17626  1.7379  1.7850  1.6213 /
ZK4-2 17559  1.7067  1.7782  1.6929 /
ZK5-1  1.8035 1.8003 1.8849 / /
ZK5-2 17670  1.8465 1.8769  1.8469 /

ZK6 1.7807  1.7225 1.8120  1.7728 /

ZK7 1.8202  1.8500  1.7517 / /

ZK8 1.8619  1.8222  1.7818  1.8262 /
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