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Abstract

This paper focuses on complexity in sandpiles and studies the complexity
theory and application of self-organized criticality. Base on the fruit had been
taken the main work and conclusions are as follows:

1. By experiments we have discovered that self-organized criticality in
granular mixtures is strongly influenced by the fabric characteristics and the
organizing structure principle. The non-uniform degree of granular material, as an
organizing structure principle, is a factor affecting SOC. For finding the other
factor of the fabric characteristics and the organizing structure principle or others
affecting SOC, we carried on the follow experiments:

(1)Uniform and non-uniforn sandpiles of single slope experiments with the
stuffs of artifical broken stone are done. The sandpiles of artifical broken stone
have same law with the sandpiles of fluvial sand. The psephicity of granular is one
of the fabric characteristics but is not a factor affecting SOC. :

(2)The experiment of pitching of pile on the slope of the sandpiles and the
experiment of mountting a platform at toe of slope of the sandpiles are done. The
means such as pitching of pile on the slope of the sandpiles and mountting a
platform at toe of slope of the sandpiles can affect the quantity of falling sandpiles
but these do not change the law of sandpiles.

(3)Multi-scale single slope rice-piles experiments are done. The experiments
indicate the effect to granular SOC of the shape is not marked.

2. Base on sandpiles experiments, we research granular complexity theory.

(1)Discussing the c haracteristic and meaning of self-organization criticality
theory and analyzing granular experiments, we research long range spatial-
temporal ¢ orrelation o f s andpiles. With the rescaled range analysis method, we
ensure that non-uniform sandpiles has positive long range correlation but uniform
sandpiles has not. '

(2)Multi-fractal theory and method is introduced. Multiple course of fractal
structure of sliding size serial and sliding interval time serial are analyzed. And
simplified multi-fractal dynamic model is set up, with which dynamic action of
granular SOC is researched. Multi-fractal feature indicates non-uniform sandpiles
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1s more complex than uniform.

3, The field data of some kinds of hatural disaster are analyzed with different
complexity analysis means. The universality of SOC is discussed.

(1) The slope disaster is natural phenomenon that it is presentational by the
sandpiles. Spatial and temporl distribution series of landslide, avalanche and
debris flow are researched. it is proved that the three slope disasters have cormon
property such as power distribution and the other characteristic of SOC.

(2) In the critical state many very different physical systems are very similar,
So we analyzed the field data of the flood and severe duststorm:

a. Detrended fluctuation analysis method is introduced and used to analyze
maximum-recorded flood peak time series. It is proved that the series has long
range correlation.

b. Multi-fractal detrended fluctuation analysis method is introduced and used
to analyze severe duststorm series. It is showed that the senies has long range
correlation and multi-fractal structure. Multi-fractal singularity exponent spectrum
of the series is educed.

¢+ The methods study demonstrates the results with three kinds of means are
comparable.

Research discovers that flood, slope disaster and severe duststorm , which are
three kinds of natural disaster systems of very different physical property and
genesis, have some internal regularity.

4. Fresh thinking and means for two kinds of complex disaster forecast
having the attribute of SOC or quasipeniod are presented. Considering the
reliability design for engineering, applying statistics of extremes directed by
complexity theory is researched, and extreme value distribution of power
distribution is deduced to graduating distribution of extremum type 1. And an
example is given. Direction of complexity theory such as SOC theory can provide
fresh thinking for disaster forecast, project planning and design.

5. Considering interaction and compatibility between communication
engineering and environment is a new task for road location design. The cellular
automata is one of primary means for complexity research. The paper assumes
generalized leading line location means and the cellular automata model for road
location. The idea is a new means for road location design for compatibility
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between communication engineering and environment.

6. At critical state, granular has the property both solid and fluid. We research
the complex mechanism of granular in the two respects:

(1)The paper researches the complex characteristics of granular including the
cumulate texture, density and stress distribution. Moreover by means of the
relative density of large-scale coarse grained soil test, we make know non-uniform
sandpiles being banked has greater randomness, which makes for complexity of
the structure space and the density. Researching exposure degree and intergranular

acting at the slope of sandpiles, we conclude complexity of the fabric inside and
surface of granular leads to complexity of critical activity. Non-uniform sandpiles
is more complex than uniform inside and surface. '

(2)Under the thought of turbulence and laminar flow theory, we put forward
turbulent motion layer and laminar motion layer hypothesis for granular critical
fluid state. The hypothesis is used to explain the complex behavior mechanism and
phenomena of granular SOC.

Keyword: sandpiles; complexity ; self-organization criticality ; methodology;
application
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BN R ERENLY, EREMERSEEAR: o 0.5 BREERAFFITHE
R, WERAERMEZ ARSI, S RAEREEEE
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(PR, MEEE— AR SEEER TS, SRERANE
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T a=1, FFINAEILS LFGBAaL, o1 BRERRFFIEHRHA
VAR, (ETRRRAENE, % o=1.5 1, FERRAEstE SR
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432 BAHIEREBE DFA 24
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) Bk, RATEFERTE DFA FiETE, B3 logFs) ~log(IXRA,
HRBRD RS TSRS RUE 45 Fir. SRWT:
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& 4-5 F(s)~s AU EAARE
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A, BIAKRE, ERLTER, BRI EERE—BI,
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BERITEERT, B, SHEAMTHAREAFREE. —EEHN
RERRGALN (RABHER) . MRKEHRER N EE), TRE
K, FRXFHIERROREEN, AEFFEREzL.

Rodriguez-lturbe % A 2 IR 54 TRAFAE  £15H A R AR AR ROTF S,
RERRR/EE, Bl MR ARSI R FERB R
KEFRHBITE ML (Optimal channel network, -OCN) . # OCN 5RR
FRET DEM 34T T X HORFFT, RIS 388 OCN % B3I T A
WA PRALEI R TRAFE RIS, XY SOC FTREXIE T RANH P AL
gbj]m[lm‘]

4ot AFIFIE, RASSEEHEKRNMGER", Bt THE

TEE Y EHERY, BET KRS HNERE. RITRABAMERENE

4K ARSI B KR B RTIUK RE LR L bR . FAKERE
VST R FS B KRARSEE, BUK RS R R KRRk
ERETNF, CEMLR—RENENREER. STHIRERAHER
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- Ek, KERTH e R SoC iR, XAHEANNAERUT
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Rodriguez-Tturbe % AME LR HISIE .
44 BEEDSLEPHRETTHE

SEKERPWAER WERRE. PERETILTER, Rk
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DLBRERSFANEWT, WEAREE SDRIMESEARY
4, FRENEDNT lkm HRFHRSIAR. EA—FRREFRBENERK
E, $ARETEMNETRHRE—M MRS, EELHEESELZ
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KT R LBE /T 200m. PR R B RARRE AT 25m/s BIFF R R
AREAEK AR & TR SR E2UKFRLE DT 20m.

PWARBUEREB. B, HE. AK. & ERRRREEE, X
TEEHE R B, ERAERTREY. ANRER, FRTRIFH.
BT XEE. 5N ERSAHEL, BRYPLRATRAK. ERER
EhE®, BAEREN, SERENRNAESTENAL SER™
Ek. Gl 1964 5 B, 2N, BERRNZZDAREN, 45
KPF 2 R T R, LB BRI IBRAEE 2m ™,

HRAEY, BR. PENANTREREABRIPERN=KET.
s MRS HIRE EHN . JERBEIER. FRGUR. AR, W
Kefs, SBEFESEEFEAIIERRR. ¥, ANEKSEELEH
KEREE. T BREHEA. EFREHEDCRERNEERE. TH,
B BRT ORARMAIHLEEFAEMNERRL, LR RS
s A b S ERARBEHERTHEN . 1 50 3K, WERBRFHEKLS
HEBETIEY, ERBENFRDCRORETNE LY. 2T LRR
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—FRHFEREERFINZES BHEEFAREI 7 HE (Multifractal
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Detrended Fluctuation Analysis, f&/#k MF-DFA) . “"MF-DFA sEf7# DFA &
MR~ Xk, B#RET DFA ik, BHEERMTIRE AR LU
KAEMIEHE . MEEREREY, MoREHIE, TR EFFIIRERAR
FESTEREHHEZES TR

SHERE R N IS () (k AFFS, &=1,2,...,N), MF-DFA HIE& i
T '

a. B —#HF5

Y (i) -:—i[xk —(x)),i=12,....N )

(X X BRI ) B39,

b HEFFIY () RIGAKERMIN=int V6 MAUZHEKFX
| CEINAFEFY G) MXES, shRKBHRE) . BERFHKENAD—E s
B, HREFFIEBRAEL, BLAFFRRT G R ARTERS—K, X
BB RN A BT X8

cv MEANMTXEVG=L, 2, -, 2N,) BT 2B ARG, BIE
%B%#}Elﬁyv(z‘), yv(i)ﬂ%%“l’&\ ZIREERRE D (— A
DFAL, DFA2, - , HgEFREIPRBES, HEHLFEHRE.

F(v, s)—-—Z{Y[(v Ds+il-p,D}i=12,.. N (2)
F (v,s)E;z{Y[N—(v—N,)s+i]—yv(i)} Ji=N,+1,...2N (3) |
d. BEEFFIN g iEshRE:
F,(s)= {—Z[F (v, )]} 4
Hrb ¢ TUBRESMETLE: =08, BTHE:
FO(S)Eexp{ 1 gln[Fz(v,s)]} - (5

Lg=20f, R (4> HEHE DFA EAR.
ev X1 g fH, BEITELIRENT Fls)5 s EFJ%E?R, ] AR RE B
SRR IRE A(g), HFEREXA:

Fy(s) ~s"@ (6) .
W g=2 B, XTPREEFES, QR ERTIFES H Bl sk
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AT RERL. WTIETFRERTFS, AQUSAST H, Bl
FREIMIAERE . 3 A(2)=05, BEREZFFFIRA—HOLETE; ¥ 0.5<h(2)<t,
HEARFFIFEKIEEXME, MREEAM: ) <05, REFFIRMMGKE
A, BIRFEAE.

I SRR B n) BB RN SRS ¢ TR, WIFF o} B
BATR, ¥ nREEXAENY ¢ U, BFE 12 ES
i aNE
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4.4.2 5320 R FRY MF-DFA S47
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AR ESTASE, TAXEEREER. VEIRATREFERL
[EFFFERRR -

SEF ME-DFA MR KEMXMENS ELTRE: UOBERME
2, FRYLREERBONRYE, TUARDSRNTRATER. RN
TBRAEE BT

45 JLESIRA SRR ELER

FEE IR RESTIR SR, BNENHER T RS 4. DFA
FiEA ME-DFA RS MR E ST ERFAIRRRAERE. RS 0T
RN BTSN -—ROT . DFA 550 ME-DFA iR EGHA . DFA
HEDABFE TR FERIEFRA . IR I, 2R RS
AHTEERF A .

H 5 R/S LR, FIERIE DFA MRS BRI, BITUE
F R/S O E T A BRI KRREE, B3 In(Ris)~In(ni X%
B, BREHE M LS ERERUE 412 FTR. BHAHENERL
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1
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a. BITUKER b KTAR
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$HE SOC EAMER FREAMRT

FER—F, BOWRWTJLEKER SOCRKERYE. HFRKEK SOC,
EW%E%TM%@LEﬁ%ﬂmmE THE, EETHRERBEHE.
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T BB AR ESN R B BE MU SRR FRFEHFTH.

BRAKERZER RIS RNKRLE, R T Rtk Tk,
TR A RIS A HNE~RANENSEHE, TieXA2
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REHFL B AR F IR AAT A AR PRGBS
187715,

RIE RO AR ARTE BT R4, (SRS e R
BRER, ALUEFHIINAER TEASERBRIZNENG, HKER
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