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Table 1 Empirical equations for debris flow density based on the watershed and loose deposition characteristics
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Table 2 Empirical equations for debris flow density based on the particle size distribution
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Table 3 Empirical equations for debris flow velocity in other countries
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Table 4 Empirical equations for debris flow velocity in China
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Table 5 Empirical equations for the entire impact

force of debris flows
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Table 6 Empirical equations for the impact force

of boulders in debris flows

s ARIE P #H
1 F=p,CV,A, 245 10
2 F = @ SR 8]

3EJVAW .
} F= [—5= CE
P
ASEJVAW .
4 F - Jl3 ,, B )
g
. W
= S o g (54
5 F = yV;sina C 4G T4k
6 P= /MV,K Hungr!?

SRS IR L C NPT (m/s) 54, 7 e 5 g R P i
AT (m?) s F A Seshili 71 (N) Vo A BGE B o0 HE G
JE (kg/m® ) T g R AT Y5 VA i o B () 5 M 49 A7 B it (kg) 5 B
SR RS (KPa) 57 g T 8 RO 3l PR (m* ) 5 WOl A
Tl (KN) 31 PRI (m) 5y WS BESTI R BG o« J 32 0I5 4 i
fiidi 107 [ RS FR (©) 3C, L €y R BT S5 HST  BAVE AR R (m/
kN) 3 P bl 13 (kN) 5K s e S0 I 8 (ke/s7) o

8RN s e, s (2) . iR A
T AT LA B A bl A S iR B %K
s B A 55 WUA R 38 5 1 38 B S 2008 2, AT 5 &
A P B FLUCR B 5 A o D iR E
Is PRI I BT BB R I o PR iz =i A
PR, HURE RIS 11, H R SCik A et DL o

5 =R AR S R A T SRS AR
PEA R R, in=Xi(3) ~ (6) . (3K HHE.
BT BRI S AL Sy 2R 5 5K (4) DU A - 7
L R ST L i) B A AR AL R T S 8 K (5) BIA
PR RS o A SR e A A R R
B VR 7 B 0 o 0, R B R GR YA R AR )T 3R
TE R T g e =, At TR R
27 (6) R— MR B A 3, Y P S ]
DRI A A i R Bl i S R, X (3) L (4) 6

WIS PR AP 45 1 55 4= R RetE AL
TR FREE A I, B B G5 AR AR, = (3) ~
(6) RiEH . EH IR, TP T R4 Ve A i B
A1 55 K8 S5 il fh T AR A 22 B, SR A (1) M

W F A et F AT R,
S s

4 #Hig

(D XTI, HAraAs 5 7k L T 5
AWK RS DTk 3, BEEHE T AR
BRI PR BN 2 . S TA X A
RIS e A LR I 5 A B GE T R N 4 JR iF
TR

(2) % T e A I i A i 5, L A 22 3 A AN (]
DXCHESE. 13 T 25 M b B PR 1) & 7 Bl 4 5, AR O3
RS TR U RS R R B 2 TR IEA
2 A0 3 T 50 I R BEE | L2 o 2
SR AW Z , X M2 22 0] B A (R A 22
5 HRT M AT

(3) VA i b I I A SR R 2 T s i e B, %
JEPRATTREF R AR I R K W B A nialy J1 BOAR 5
M R PR ST AG S R BT S A R R 5, 2 IR i
P2 BB 2 SO, 7EAL SR (8 45 M I8 R
ATy RIS S BIAE 9 28 Al 3

SE Lk

[ 1] =4 A WATRRIT[J]. J122 3k E,1983,19
(3):365 — 375. [ ZHANG S C. A review on the
research of debris flow[ J]. Advances In Mechanics,
1983, 19(3) : 365 —375. (in Chinese) ]

[2] XUtk EAMRA AL B R [T ], RE 2,
2002,17 (4):1 = 6. [LIU X L. An Overview of
Foreign Debris Flow Mechanism Models [ J]. Journal
of Catastrophology, 2002, 17 (4): 1 - 6. (in
Chinese) ]

[ 3] Lorenzini G. Debris Flow[ M]. UK. WIT Press,
2003 50 - 132.

[4] ZEEE RR2Z RARAELIEL]. R,
1982(3):75 -83. [LI P J, LIANG D L. Debris flow

density and its caculation [ J]. Journal of Sediment

Research, 1982(3): 75 - 83. (in Chinese) ]
[5] Hlr&ssamR=orse i, hERERE 22 MoK
WEFEHT. P Pt XA g AR M. Jbnt s AR AZE
H kL, 1981 :59. [ Gansu Provincial Communications
Science Research Institute, Lanzhou Institute of
Glaciology and  Cryopedology, ~CAS.  Highway
Engineering in the Debris Flow District[ M]. Beijing:

China Communications Press, 1981: 59. ( in

Chinese) ]



55 3 1]

TR Sl J5 T M

.03 .

[6]

(7]

[10]

[11]

[12]

[13]

S RNESE R o Rl I | R SR e B S R R S
[M]. Jbat: AR A2 W A, 1982 11 - 38,
[ Lanzhou Institute of Glaciology and Cryopedology,
CAS. Debris Flow in Gansu Province[ M ]. Beijing:
China Communications Press, 1982 11 - 38. (in
Chinese) ]

LR A e Hl A CB XKW RO LR GIR M
[J]. A5, 1997 (2) :124 = 128. [SHI Z T, QI
L. Synthetical Control of Debris Flow in Guanjia
Gully, Wenxian County, Gansu Province[ J]. Journal
of Mountain Research, 1997 (2). 124 - 128. (in
Chinese) ]

SRPEDL 2RV EE BN H . SAEVA VA L BIR TR
BT K AR, 1982,9(6) .50 —60. [ CAL X
X, LIH L, CUI BT. Exploring and Discussing of the
Debris Flow Control Engineering in Macao Gully [ J].
Bulletin of Soil and Water Conservation, 1982, 9(6) .
50 - 60. (in Chinese) |

FHBHBE — KA FR S L b R 5 BRI . h
RAGIM]. dbat: 7% 5 ER 51,2000 38. [ Institute
of Mountain Hazards and Environment, CAS. Debris
Flow in China[ M]. Beijing: The Commercial Press,
2000 38. (in Chinese) ]

WRT A bR, 250K i TR IR e A i A EE 5
(I B0 B TR 2 % 4l A AR FL 27 R, 2010, 37
(2):168 - 173. [CHENG N S, YANG C L, LI H.
Calculation of the debris flow concentration based on
debris flow slurry [J]. Journal of Chengdu University
of Technology: Science & Technology Edition, 2010,
37(2): 168 —173. (in Chinese) |
WROGHE , EARRR , TR, JBA BTG M. JLat.
¥ #%38 H W#E, 198358, [ CHENG G X, WANG ]
K, WANG L H. Prevention and Control of Debris
Flow[ M]. Beijing: China Railway Publishing House,
1983 : 58. (in Chinese) |

AR, AL, TG, A5 H A ARl 8.7 KR
A AA I [T]. AR M BT 4 4k, 2010, 18 (4)
437 —444. [YU B, YANG Y H, SU Y C, et al.
Research on the Giant Debris Flow Hazards in Zhouqu
County, Gansu Province on August 7, 2010 [ J].
Journal of Engineering Geology, 2010, 18(4) : 437 -
444. (in Chinese) ]

A ARSIV A T UTRR Y TRV A A T Y U iR AT
FE[J]. UUBL 47,2008 ,26 (5) : 789 - 796. [ YU B.
Research on the Calculating Density by the Deposit of
Debris Flows [ J].
2008, 26(5) ; 789 —796. (in Chinese) ]

Acta Sedimentologica Sinica,

[14]

[15]

[16]

[17]

(18]

[19]

[20]

[21]

[22]

(23]

[24]

[25]

AR MRV A AR R T E T ] b
#%,2009,27 (1) :70 = 75. [ YU B. Research on the
Improved Calculating Density of Less Viscosity Debris
Flows [ J]. Journal of Mountain Science, 2009, 27
(1): 70 -75. (in Chinese) |
FEARHE. 2/ INLIR A S5 75 555 Biia I E 5
[ M. HR : Bk 5 AR STk ikt 20 4E, 1987 - 100.
[DU R H. A Comprehensive Investigation and Control
Planning For Debris Flow in the Xiaojiang River
Basion of Yunnan Province [ M ]. Chongqing:
Scientific and Technical Documentation Press Branch,
1987 100. (in Chinese) ]
MR A ARG, X rhot | A5 i TORG  JB0RE 5 A8
A AEITFLT]. hERE 55,2003(3) 1164 -
174. [ CHENG N S, CUI P, LIU Z G, et al.
Caculation of the Debris Flow Density based on the
Content of Clay Particles [ J]. Science in China Series
E, 2003(3): 164 —174. (in Chinese) |
RPGE. mHE MBI I [ M]. st
=R #t, 1990 58. [ WU J S. Observation and
Research of Debris Flow in Jiangjia Gully in Yunnan
Province [ M]. Beijing: Science Press, 1990 58. (in
Chinese) ]
Chow V T. Open Channel Hydraulics [ M]. New
York: Mac — Graw Hill, 1959 680.
Matthias Jakob. Debris — flow Hazards and Related
Phenomena[ M]. SpringerLink, 2005 429.
Herbert AULITZKY. The debris flows of Austria[ J].
Bulletin of the international association of engineering
geology, 1989, 1(40) .5 -13.
Dieter Rickenmann. Empirical relationships for debris
flows[ J]. Natural Hazards, 1999(19) . 47 -77.
Takahashi T. High velocity flowin steep erodible
channels[ C] //Lausanne. Proceedings 22nd IAHR
Congress: Session A. Switzerland: Techn, 1987. 42
-53.
Dieter Rickenmann. An alternative equation for the
mean velocity in gravel — bed rivers and mountain
torrents [ C]  // Proceedings ASCE 1994 National
Conference on Hydraulic Engineering. New York: [ s.
n. ],1994. 672 - 676.
Pierre Y, Julien, Anna Paris. Mean velocity of
mudflows and debris flows[ J]. Journal of hydraulic
engineering, 2010, 136(9) : 676 - 679.
Hungr O. Quantitative analysis of debris torrent
hazards for design of remedial measures[ J]. Canadian

Geotechnical Journal, 1984, 21(4) . 663 —667.



.94 .

WL AE E NS WL SO Al R i 2 LR

[26]

[27]

(28]

[29]

[33]

[34]

[35]

RETE Y. R Ve P iE TR T
[M]. RN R , Ty 123 H K R4 AR SOk R
A HE P 43 41, 1989. [ Yoshio Yano. Muddy Sand,
Debris Flow, Landslide, Collapse Control Engineering
Handbook[ M]. TAN B Y, MENG H Q, translate.
Chongqing: Scientific and Technical Documentation
Press Branch, 1989. (in Chinese) ]

PR , 7L P iz s S R E B iR [ M].
LT G AR iR AL, 2004 115, [ FEL X J, SHU
A P. Movement Mechanism and Disaster Control for
Debris Flow[ M ]. Beijing: Tsinghua University Press,
2004 ; 115. (in Chinese) ]

McClung D M. Superelevation of flowing avalanches
around curved channel bends [ J ]. Journal of
Geophysical Research, 2001, 106(8) ; 489 —498.
Suwa H, Yamakoshi T. Estimation of debris-flow
motion by field surveys [ C ]//Debris-flow hazards
mitigation: mechanics, prediction, and assessment.
Proceedings of the second international conference.
Rotterdam; AA Balkema, 2000 293 —299.

Mark H Bulmer, Olivier S Barnouin — Jha, Mathew N
Peitersen, et al. An empirical approach to studying
debris flows: Implications for planetary modeling
studies[ J]. Journal of Geophysical Research, 2002,
107(E5): 1 - 14.

VanDine D F. Debris flow control structures for forest
engineering [ R]. UK. British Columbia Ministry of
Forests Research, 1996.

Chen C - L. Comprehensive review of debris flow
modeling concepts in Japan [ C ]// Costa J E,
Wieczorek G F.  Reviews in engineering geology, vol
VII. Debris flows/avalanches: process, recognition,
and mitigation. USA: The Geological Society of
America, Boulder, CO, 1987. 13 —29.
Zanchetta G. Characteristics of May 5 - 6, 1998
volcaniclastic debris ows in the Sarno area
(Campania, southern Italy) :relationships to structural
damage and hazard zonation [ J ]. Journal of
Volcanology and Geothermal Research, 2004, 133.
377 —393.
Robert H Webb, Patrick T Pringle. Debris flow from
tributaries of the Colorado River, Grand Canyon
National Park, Arizona [ M ]. Washington; United
States Government Printing Office, 1989 3 -5.

Hh i B 27 B A OO R YD BB SE BT e A i
[M]. db 52 Bl == W AL, 1973 44. [ Institute of

glacier, taele and desert in Gansu Province, CAS.

[36]

[37]

[38]

[39]

[40]

[41]

[42]

Debris Flow[ M]. Beijing: Science Press, 1973 44.
(in Chinese) |

RPGE. AT SLHLEERB M. dbat Bl i
£1,1993. 171 - 188. [ WU J S. Debris Flow and
Comprehensive Regulations [ M ]. Beijing: Science
Press, 1993. 171 —188. (in Chinese) |

TEI. i P e A7 U 2 XA e B HL B33 7
AR B [ CL/ 7/ E R B 22 N ok
R s L R S S e el b 1 R R T T S|
554 5 dunt Rl AL, 1985:190 - 198. [ LIU D
7. Selection of Velocity Equation for non — viscous
Debris Flow and Analysis of Roughness Coeffient
[C]// Institute of Glacier and Taele in Lanzhou,
CAS. Fouth Proceedings of the Institute of Glacier and
Taele in Lanzhou, CAS. Beijing: Science Press,
1985; 190 — 198. (in Chinese) |

XU, Rt el Yo 10 iiis 3 71 22 0F 58 BLAR M 3
[J]. 8 PR3 K24 4l A AR B i, 2010, 29
(2):233 —239. [LIU L, CHEN H K. Research
Status and Trend about Dynamics of Debris Flow [J].
Journal of Chongqing Jiaotong University: Natural
Science, 2010, 29(2) : 233 —239. (in Chinese) ]
Y, BGRAE BRI, AF. Sl L =R TR A R
P LAY IE RIS BIPRAIE [ ) ] 7K SCH B T AR 5
2011, 38(4):82-87. [HUXD,LIZH, WEI ], et
al. Formation and Kinematic Characteristics of the
Debris Flow Disaster at the Sanyanyu Gulley, Zhouqu
County of Gansu Province [ J]. Hydrogeology &
Engineering Geology, 2011, 38 (4). 82 - 87. (in
Chinese) ]

I - ¥F R &5 DZ/T0220 - 2006 Y847 i K EBiVE T
FEDZEHLIE [ S ], dbmt: b [ b i i 41, 2006.
[ Minister of Land and Resources. DZ/T0220 — 2006
Investigation Specification for Debris Flow Hazard
Controlling Engineering. Beijing: China Standards
Press, 2006. (in Chinese) |

[ + YRR, DZ/T0239 — 2004 Jé4 i K F itk T
BT ML [S]. db 5t b [ 4R 4E i 41, 2004.
[ Minister of Land and Resources. DZ/T0239 — 2004
Design  Specification  for Debris  Flow Hazard
Controlling Engineering. Beijing: China Standards
Press, 2004. (in Chinese) |

TP, SRR R A R S B S = T
[J]. JevbmFSE,2003(3) :7 = 11. [SHU A P, FEI X
J. Calculation for Velocity and Discharge of the
Viscous Debris Flow [ J]. Journal of Sediment

Research, 2003(3): 7 —11. (in Chinese) ]

2012 4§



55 3 1]

TR Sl J5 T M

. 905 .

[43]

[44]

[45]

[46]

[47]

(48]

[49]

WA B T ARG P U8 A1 U T A 3 ) AP R
[C1/ 7 EBEBE 2N oK R L ATSE BT oh R
bt 2= MUK R LT 5T BT 4R U264 5. dbat: Bl il
M4t 1985:199 — 206. [ YANG Z N. Preliminary
Discuss of Velocity Equations for Viscous Debris Flow
of Rainstorm Type [ C]// Institute of Glacier and
Taele in Lanzhou, CAS. Fouth Proceedings of the
Institute of Glacier and Taele in Lanzhou, CAS.
Beijing: Science Press, 1985. 199 - 206. ( in
Chinese) ]

A B AR 50 R e A I U 4 A
[C1/ /B BE 2N IR NR LA ST BT oh A2
B 22 M AR R AT 58 B 56 2R 4 5 bt Bloe il
R 41, 1985. 104 — 108. [ KANG Z C. Velosity
Analysis of Viscous Debris Flow in Jinagjia Gully,
Dongchuan County, Yunnan Province [ C ]//Institute
of Glacier and Taele in Lanzhou, CAS. Fouth
Proceedings of the Institute of Glacier and Taele in
Lanzhou, CAS. Beijing: Science Press, 1985. 104 -
108. (in Chinese) ]

XL, PR B 2. 2 F Z8 VLV K V8 8 A O I R O
[C 17/ v R 2 g R b BRI 5T T . e A7 T 18 SR
(1) PR BOR SR 1 Bk H P44, 1981 :87
-89. [LIU J, CHENG Z L. Velosity Caculation of
Debris Flow in Hunshui Gully, Yingjiang County,
Yunnan Province [ C ]//Institute of mountain hazards
and environment. First Proceedings of Debris Flow.
Chongging: Scientific and Technical Documentation
Press Branch, 1981 87 —89. |

R ORI AS S BT Cl /T E R AR R
AR BRI SE BT YA e SO (1) . HR: B4
ARSCHk S WA B PR 434, 1981:79 — 86. [WU J S.
Debris Flow Regime and Velocity Caculation[ C]//
Institute of mountain hazards and environment. First
Proceedings of Debris Flow. Chongqing: Scientific
and Technical Documentation Press Branch, 1981 79
—86. (in Chinese) ]

AR RGPV A T T2 18 S T [T ] kARt
k% ,2008,23(5) ;524 —532. [ YU B. Study on
the Mean Velocity of Viscous Debris Flows [ J].
Advances in Earth Science, 2008, 23 (5): 524 -
532. (in Chinese) ]

AR YA AT [ M ] dE st B i Rk,
2004 :181 - 183. [ KANG Z C. Research of Debris
Flow in China[ M ]. Beijing: Science Press, 2004
181 - 183. (in Chinese) ]

IR, RGN, KR AR e iz sh S E0 3 i 2

[50]

[51]

(52]

[53]

[54]

[55]

[56]

[57]

[J]. PHERER®" TH%,2010(6) ;122 - 125. [MA H,
ZHANG S H, LIU K W. Caculation Methods of
Debris Flow Movement Parameters[ J ]. West — China
Exploration Engineering, 2010 (6): 122 — 125. (in
Chinese) ]

YANG Hongjuan, WEI Fanggiang. Measuring the
internal velocity of debris flow using impact pressure
detecting in the flume experiment [ J]. Journal of
Mountain Science, 2010, 8(2) : 109 —116.

Armanini A, Scotton P. On the dynamc impact of a

debrisflow on structures [ C ]// TAHR. Proceeding of

the XXV TAHR Congress. Tokyo:[s.n. ], 1993; 203
-210.
Hiibl J. Debris flow impact estimation [ J ].

International symposium on water management and
Hydraulic engineering, 2009(9) . 137 - 148.

TSR Py R [ C L/ R B
2N R LB SE R o 27 e =2 JH oK1 R L 0F
FEHTAETIER 4 5. AT B2 et 1985:269 -
274. [ ZHANG S C. Debris Flow Impact Force and
Measurement| C ]//Institute of Glacier and Taele in
Lanzhou, CAS. Fouth Proceedings of the Institute of
Glacier and Taele in Lanzhou, CAS. Beijing: Science
Press, 1985: 269 —274. (in Chinese) ]

FYRRE. OB TRBR M. Jb5t: o EgaE
HRR £, 1996 81. [ WANG J K. Techniques of
controlling engineering for debris flow[ M ].

China Railway Press, 1996 81. (in Chinese) ]

Beijing ;

Watanabe M, lkeya H. Investigation and analysis of
volcanic mud flows on Mount Sakurajima, Japan
[ C]// International Association on Hydrology.
Erosion sediment transport measurement. Florence:
Science Publication, 1981 ; 245 —256.

T AN, Hungr O. Y83 B il 13t C /7
HARAE. Ve A LI 5 BT dE s B R,
1996; 67 — 72. [ ZHANG S C, Hungr O. The
Caculation of Impact Force of Boulders in Debris Flow
[C]//DU R H. Debris Flow Observation and
Research. Beijing: Science Press, 1996 67 —72. (in
Chinese) ]

T V. 5. 12 MuRR 5| K i AR e A Ui O (1 A
WA ——LA T 1] 4 18 FH 45 77 i e % 18 e A S )
[J]. MR 25 ) 5 T % 4z, 2010, 6 (6) = 1300 —
1311. [ WANG L, SHEN N. Investigation of Potential
Debris Flow Caused by the May 12 Earthquake
Taking Longxing Gully debris flow in Mianzhu city,

Sichuan, China as example [ J]. Chinese Journal of



- 96 - WL AE E NS WL SO Al R i 2 LR 2012 4F

Underground Space and Engineering, 2010, 6 (6) : Investigation and Research on Giant Debris Flow on
1300 —1311. (in Chinese) ] August 14, 2010 in Yingxiu Town, Epicenter of

[58] FEI,ZE MR, WO B IX MEFH4H“8 - 147 K RiB A Wenchuan Earthquake [ J]. Earth Science:Journal of
WMAREIHALT]. HBRB 2 o M K22 4R China University of Geosciences, 2011, 36(1) . 172
2011,36(1):172 - 180. [TANG C, LI W L. Field ~180. (in Chinese) ]

Comparison of methods used at home and abroad to estimate the
key parameters of a debris flow

JIANG Shu, WEN Bao-ping
( Water Resources and Environment School, China University of Geosciences( Beijing) , Beijing 100083, China)

Abstract; The density, velocity and impact force are three key parameters among those representing the
characteristics of debris flow dynamics. Following review of literatures about estimation of those parameters at
home and aboard, the methods for estimating these parameters are summarized and compared. The results
show that there is no method applied to all kinds of debris flows in the world, and that present empirical
equations for the three parameters can only be applied locally due to the complexity of the constitutes and the
movement of debris flows. At present, it may be the most practical to establish different empirical equations
according to the specialty of debris flows at different areas. The statistical methods to establish the
multivariable equations considering particle size groups may be more resonable among the estimations of
density. The empirical equations for a debris flow’ s velocity are different among China, former Soveit Union
and the Western countries. The former two is based on the Manning’ s equation, and the Western countries
use the forced vortex equation with superelevation in channel bends as the major parameter. Momentum
theorem is the basic theory to estimate the impact force in the world, whereas differences lie in the empirical
coefficients. The characteristics of the blocking structures are generally taken into account in terms of the
impact of boulders of debris flows.

Key words: debris flow; density; velocity; impact force; empirical equations
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