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A study of the characteristics and influencing factors of
spatial-temporal changes in the debris flow density

HUANG Hai'?, LIU Jiankang'?, YANG Dongxu'"
(1. Institute of Exploration Technology, CAGS, Chengdu, Sichuan 611734, China;
2. Technical Center for Geological Hazard Prevention and Control, CGS, Chengdu, Sichuan 611734, China)

Abstract; Density is the most fundamental parameters in the calculation of debris flow movement
characteristics. In order to explore the dynamic evolution of the debris flow density under different spatial-
temporal conditions, based on the observation data of debris flow in the Jiangjia Gully since 1995 and the
investigation data of debris flow hazards occurred in the Wenchuan earthquake area since 2008 , the interaction
of fluid-soil coupling process and density of typical debris flow disasters is studied, and several methods of
density calculation are used in the Wenchuan earthquake area and the differences in the calculation formula
establishment and the disaster characteristics are analyzed. The results show that the density changes
dynamically with the evolution of formation conditions of debris flow. On the temporal scale, the activity of the
solid materials in the gully is positively related to the density, and the density will decrease by 10.0% ~
27.8% when the solid materials evolve to highly active from extremely active. There is a power function
relationship between the density and peak flow of debris flow, and it has an obvious limit when the density

increases with the increasing flow. On the spatial scale, the change trend of density is consistent with the
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channel gradient, which increases with erosion and decreases with sedimentation. The deviation of these

calculation results in the Longmen mountain area is in the range of 10 ~30% , suggesting that using only one

method for density calculation is very much likely imprecise. Empirical formula are established based on the

total amount of erosion and deposition, and particle parameters are practically applied to the debris flow at the

Yongjia Gully. The research lays a foundation for calculation of the density based on the disaster history and

evolution of geological conditions, and are of practical guidance significance in the evaluation and prevention

of debris disaster and the calculation of dynamic parameters.

Keywords: debris flow; density; dynamic evolution; formation condition; calculation method
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Table 1 Values of the density in different debris flow
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Fig.1 Sketch of the change in density in debris flow gully
(the Zhangjiaping gully)
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Table 2 General formula for common calculation of the density of debris flow

E311] T THRAR 1E# &E
| Dy = P85351—’2'y\ + 7Y 3 %iﬁi‘ju” OARIEHTF KA HTRT
@y = P Pyyy + v - Qi T WU G
2 y = (0.175 +0.734P,) (y, - 1) +1; Kt f 12 VAT K FE A R
Dy =-1.32 x10°x" =5.13 x 10%2° +8.91 x 1024’
Py I AL Z55x% +34.6x° - 672 +12.5x + 1.55 ;
S oo TR T B A AL 9 4 A 2
! @y < lgl 10x40.23 4 oty
® |x-0.089]+0.1
p, -1
Y = 1 +/7 N [22] N y 2, [ETO
4 1L (p, = ve) [ o Ve A9 A B HE
Y -1
Z R A 5 5 y = tanl + KyK, K, Ky a2 SE TS R EIR T E AR AR — S 2 30 A X e

FRIRFS 6

I T YRAT T 5 R RBP4y 3, A R A A I g ()

YA Ui I WA A

T Pos ARLAR <0.05 mm 1 A1 I0RE Y 17 43 & 55 P, SRRLAR > 2 mm AORLBURLIG 1 03 5 1 sy HRA I BN LI L S vm’ 5y ARV A1 ]
M /NAE 2.0 vm' s yy BEFBERECIL 4 vm' 5y WHBOR( >2 mm) HE 2.7 v/m’ 5o U 41 3 DB 9 Bk OREAE <0. 005 mm)
A (H/NBERIR) sp, AR BIURL 85 L 5 o' D A ATURE CRLAR /1N T A1 Ui A B BRORE A, b BRORE A% — A SBORS B T 7 20 4 B 5 1 Ay i IO AR ) A9 J5T &5 77 4
B RANBCROR sy RV TR T SR R R B A O A v ABORL IS (v/m ) 1 Y R FE R CNEO) 5 K A 28 3R B IRl R B 1.2,
B 10, IR 1. 1) 5 Ky NAEWERE(THECE W8 U8 A ML RE M 0.9,1.2,0.9,1.2 F1 1.0) 5 Ky, A B R HC ORI AR R IX L B
MRS R R ) 5 Ky RSO R Ak A S BB K, = GBI R A A B/ Bk m D) & 1

®3 AAREAREDREHRRENERRFEyITHER
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Table 4 Relationship between the occurrence state of material source and density of the debris flow
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Fig.2 Relationship between Q and vy of the
Jiangjia gully debris flow
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Fig.3 Scouring and silting characteristics of the debris flow in the Yongjia gully
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Table 5 Caculation of the density by the dynamic analysis
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