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Dynamic reserves of evaluation model for materials source in the
channel based on fractal theory and model test

ZHANG Youyi', WANG Yunjun', YUAN Yadong’
(1. Southwest University of Science and Technology Civil Engineering and Architecture, Mianyang,
Sichuan 621010, China; 2. ZT-ARCH Design, Chengdu, Sichuan 610041, China)

Abstract: After the Wenchuan earthquake, many loose solid sources accumulated in the channel, which increased the
probability of debris flow. It was difficult to calculate the dynamic reserves of debris flow sediment source accurately. Based on
field investigation, data collection and laboratory model test, this paper introduced the fractal theory to quantitatively describe
the complex soil particle size composition with fractal dimension, and studied the erosion regular of different deposits in
channels under different rainfall effects. A dynamic reserve evaluation model with rainfall intensity and fractal dimension as
double influencing factors was established. The results show: Coarse-grained soil is not easy to start, but under sufficient
hydrodynamic conditions, erosion will be multiplied; When debris flow occurs, the erosion change and total erosion scale of
"fine-grained on coarse-grained soil" are small, and which is beneficial to the stability of channel; The erosion phenomenon of

"coarse-grained on fine-grained soil" is similar to that of coarse-grained soil, but the rainfall threshold of large-scale debris flow
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is lower than coarse-grained soil; For materials source in the channel, the order of erosion effect is headward erosion > shear

erosion > lateral erosion > subsurface erosion; The formula fitted in this paper is suitable for the wide and slow channel of

debris flow, but it has some limitations for the narrow and steep channel.

Keywords: debris flow; the materials source in channel; dynamic reserves; model test; fractal theory
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Fig.1 Schematic diagram of deposit
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Fig. 2 Field screening test of materials source in Qipan gulley
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Table 2 Cumulative percentage of particles in the channel
after “7-10”

TURL A%
200 60 20 5 205 025 0075

ZGl1 100 21.7 7.2 1.3 1.0 0.9 0.4 0.2
7G2 100 16.9 59 1.4 1.7 1.4 0.5 0.2
ZG3 100 229 6.9 1.4 0.9 0.8 0.4 0.10

¥ 100 208 70 1.7 12 1.1 0.4 0.2
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Table 3 Cumulative percentage of particles in the channel
after “8-20”

kL RBY%
200 60 20 5 2 0.5 025 0.075

ZG1 100 813 437 329 226 9.5 52 1.1
7G2 100 799 53.0 40.6 333 17.0 73 4.1
7G3 100 86.7 509 393 267 17.8 11.2 3.9

P 100 826 492 376 275 148 7.9 3.0

WA/ % Hi3®/(mm-h™) TR /s Bi/(L-h)
10 332 359 406.8
5 38.1 341 511.4
2 44 .4 320 648.2
1 49.1 306 752.4
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Table 4 Fractal dimension of test soil

IR HERR A SYHAED el E3i]
“7-10” ki 1 2.250 <2.60 B+
“8-20" 4k + 2.639 2.60<D<2.82 WAt
BUZ AT 2522 <2.60 HerA +
WUZ R 40 2.596 <2.60 Y+
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Fig.5 Test layout
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Table 5 Single factor-controlled trial design scheme

e HeRUA [ R 5 s HEFRAR [ Rl 3
BT I 4 P YA -1
YD /(mm-h™) 54D /(mm-h™)
1-1 332 3-1 332
1-2 2639 38.1 3-2 2522 38.1
13 : 444 33 : 444
1-4 49.1 3-4 49.1
2-1 332 4-1 33.2
2-2 38.1 4-2 38.1
2.250 2.596
23 44.4 43 44.4
2-4 49.1 4-4 49.1

3 R

T I B 22 FiT, T 40 A T o8 A AR - R R T i
1, 3R 75 P PEE J8 A1 00 U/ N0 75 = AR B i R D 55
B E YR S Sh AR T 2%

R RRTBR A, JA) B AR 0 I B L IRIR DA MG A S 8
A, AN (8 AR B AR IR AR T | AR Ik B A S B v
1o 1= el (AN (1B 1 A0 N4 E 0% TR by A NS &
WA [ R Hb s e 45 4= Pl e ) o
3.1 HEHERUA

(D 4ik:+

F T J00RL KL AR 55 /N By AL By, W SR AR /INEE (33.2 ~
38.1 mmv/h) Hii 2k 3 B DRI T R e A T DD, i AR
TR ok SR AT (44.4 ~ 49.1 mm/h) TP BT
B2 AR R IT A2 1, IF B WL 3R, R BEY B LA T 1)
1Rk 3, Bl K R BE AN TG O, 120 A W R A
TE BT Y1) — BESR— R A 11 2142 1A =X (18] 6) o

12 i R B A7 i85 =X 1 52 ) L UG R 0 A B S 2%
0.5 m AR B, TRIEE 20 0.25 m. 13 6 25 0 % 4= 1nh
(LA B A8 t) (e fin i), e B R R PS 3, KRB I8 IE A A
T R R AR e B NG KO — e a8 (18] 7).



- 44 - Hh T B S B R oA AR

E6 kit 49.1 mm/h X ITFEI S

Fig. 6 Test process phenomenon in 49.1 mm/h (fine-grained soil)
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Fig. 7 Erosion of width and depth (fine-grained soil)
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Fig. 8 Test process phenomenon in 49.1 mm/h (coarse-grained soil)
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Fig. 9 Erosion of width and depth (coarse-grained soil)
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Fig. 10 Erosion amount per unit (fine-grained soil)

32 ZJRHERUA

(D) B4 Ff A+

eI B S0, 2R AORL T 7E % B AR S 5,
SR o 8 4 1) I 5 TR, T T 5 BE S IR 6 K, R
KL 32 B U EIASBr g i 8 %



2022 4 BT L 452 LT AT B AR Sk 1 A0 G 0 S 45

BO—wmm @ mRL] W& () Wrrwmm rarn] wz g >

o 125¢ 0.8+ 10.24

=}

7 100}

2

X 75t

E 50t

ﬁ 251

0 1 n 1 1 1 I 1
0 02 04 06 08 1.0 1.2 14 16 18

PS5 200900 /m
Wi/ (mm-ht) —— 332 38.1 —— 444 — 49.1

B 11 fElterehs
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Table 6 Data statistics of the channel erosion

D g/(mm-h™") Vig/m’ D g/(mm-h™") Viy/m®
332 0.01590 332 0.003 11
38.1 0.033 10 38.1 0.020 63
2.639 2.522
444 0.066 21 44 4 0.045 94
49.1 0.14578 49.1 0.062 91
33.2 0.002 95 33.2 0.001 90
38.1 0.019 07 38.1 0.020 91
2.250 2.596
44.4 0.039 63 44 .4 0.116 03
49.1 0.13133 49.1 0.132 82
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Fig. 18 Curve relationship between erosion amount and rainfall

intensity in the test model
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e A i 4 ) g6k H S A £, O DL AR I GRS AP
SR A G HAS B 0 Bl i 5 SCEA 19 U B
WL A HTiHE

W31 E K2 8.9 km, - IL &2 184 %o, 1T
A TR T ) I T 5 B A5 2 7, o) Y 4 AR X R A T B
Wi s 8.

*7 WETHE
Table 7 Calculation of rain intensity

E EMEE EEFS LSS M BHAE
7 H/(mm-h™) Cy K, H/(mmh™)

2% 1.92 422

5% 1.67 36.7

22 0.35

10% 1.47 323
20% 1.26 27.7

RS WLiF 820" FAEMRBHRRESSE

Table 8 Cumulative percentage of particles in Chutougou

after “8-20”
n kL B %
igss
200 50 20 5 2 0.5 0.25 0.075
S, 100 40.1 32.8 28.3 21.7 12.6 9.2 1.4

S, 100 594 385 329 213 9.5 6.2 1.1
S, 100 652 464 414 317 166 117 2.1
F¥ 100 548 390 342 249 129 9.0 15

(1) XERPLE A

FR A b3 25, ph 3K (8) 75 A R 3 6 45 [ W 40 %
TR (£ 9),

T SEBRle A B v, — IRV i B YR
S fmA i EIPARE S R H S g E . xT
T BB (8) AR S5 IR, I AR BRI B IR 1Y
it i, JF HAESE bR TR rh 2375 TS [A] (415 B b
AR E AR B R, W OR TS AR 18 3 IR+10 4
— I 2 20 A — 08 1R 3K 20 Al BOE
“50 87 DL SCE LS A AT 0, 15 3 B i
A A

V=V=763x10°xDxCx
(W2 +4Xx p2 +2x p2m 43 x p) »
K V——IFiE Z i/ 10% m?s
p——H AL, p=1.152,

x9 AUBEIHELER
Table 9 The results of the fitting calculations in this paper

s R T R AR X Rl
14 E" SeEAil
il D MR ) /km /(10° m?)
20% 27.7 12.75
N 10% 323 24.46
WkB 2572 4.3
5% 36.7 45.58
2% 422 99.23
20% 28.0 10.56
. 10% 33.2 22.03
H8E 2250 3.9
5% 38.1 44.09
2% 44 .4 107.49
IHEAR I0WT,
x10 HFEEHHE
Table 10 Dynamic reserve calculation
MAREE BB it/ (10 m*) ¥I(E/(10* m?)
Vsat2Vi00t3 V200 132.75
P 3Vsq, 136.74 122.91
Vaa 99.23
Vsat2Vi00t3 V200 119.83
e AL 3Vsa, 132.27 119.86
Vo 107.49

A A G A T A YA B IR TR BT
T, B T BB ARE, LAESE PR TR iz e B30
IR Bk

(2) SCHRPAGE TR AL

GEIHU G {8 E Y IR B i S R R A R S
otk

VO(g) =0.498 x Vg'm (10
. Vo(g) VB YR sh it /10* ms
V, A SR /100 m’

LR R 11,

SCHRPIELAU G 45 R 5 S B i A0 75 21 1 S o A 7
—EEF(RE>20%) . A AKX EHEFRN
RLE A3 RN RE R A5t e, 45 380 5 S B ) 2 B I ns 5 19
I TE YIRS it PPN AR (R 22 <10% ) -

SCEEPLA SRR T8 5 bR E A 45 SR A H R
AN AR SR IE A 25 R 2 o TR A B ) TAE S AR AR
[ RRRE I AR 2% . BRILZ A6, 7RI A B I, 4 Rk
7 ) 5% T XEE LA 4, I L SCRE i sl i i b A O AR R
I A Y VA S AR A g ST AR SE PR A YA A MR, H
T B A 1Y) v B A HEBUA R BE AN 2 8 (E, A TE & [EA
HRER IR 2 . X T-4.59 ~ 9.38% HYiR 221, %A RAE A
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Table 11 Comparison of calculation results

baBiES [EEViRES it/ (10° m) W2
SRS 128.82(“8-20"J5) -
EIDS0] SCHRPA SR 98.42 —23.60%
ENH 122.91 -4.59%
PR G 132.26(“7-10"J5) -
LA SCHEP A 100.19 —24.25%
SCEAA 119.86 -9.38%

VETL IR Z A, A75 8 T A T i 2% 9 3 0 A1 3L Y 3l i
-

6 5t

SCEE LG8 G B T I WETE R R, TR S A, Bk
W SR A S L L3 AR R S WSS T BL, e i
B IR AL, I S S AR . 2 AR LA
TEE:

CIHDRE - 7E 58 K B 1 2600 T, AR F 22
PR, A R A1 5

(2) 140 A = A ME AR AR e 2R U A T ARk A2 A A
SRR L/, S oRE e A1 IE 30 4 T A R
AARE s

(3) BT 4+ SR p iR G 2R, He A
TR A 10 g T 10 (R A1

(4) B Py AR i P 2800E A HE P g - 318 4R
o> YR > S A% p> P oh (79 ) 5

(5) SCEE PTG #2230 11 V3 HE R A R R
IR FIRE R ZEAF PN PR, 45 215 S Bl 2 800 45 194
IR (R 2ENT 10%) o SCrh gy iy 3 i & it
SR GE T SR RVAIH, X TR BERL A E A R ge T
FAAE—5E BRI FRTE .

TE 2 WRE YIRS IE v, BOARYE BL SC b
LECSIRA R Pt S WA Ik 53 N 2 RaB1= R DR S o AN D
VoSG | AT ARATE 22 R AR AR A AU I A
JRIE AR GORE, 2 Bege i B 218 18 A Sh i i, i
FEOMHER IS H o
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