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Abstract: The LJ9 segment of Jiumian Expressway frequently experiences gully-type debris flow disasters, posing threats to
nearby villages and infrastructure. Considering the unique characteristics and importance of the highway and G247 national
road, this study investigates the material source characteristics and scale of six debris flow gullies with debris flow outbreak
traces along the LJ9 section of Jiumian Expressway. The debris flows in this area are classified as low-frequency gully flash
flood types. The bulk density of the debris flows ranges from 1.647 to 1.843 g/cm’, with velocities between 3.45 and 6.54 m/s,
and flow rate ranging from 29.47 to 253.45 m’/s. The total volume of the debris flow ranges from 0.99x10* to 8.28x10* m®. This
paper compares the differences in the scale characteristics of the “8+16” debris flow on the Jiumian Expressway, and analyze
the relationship between the volume of material source and the bulk density and scale of debris flow, establishing relevant
calculation formulas. The results show that: (1) The fluid properties of debris flow in the study area are classified as low-
frequency gully flash flood types, closely related to the volume of material source, with a positive correlation between unit area
material source volume and debris flow bulk density. When unit area material source volume exceeds 1.65x10° m*/km? or falls
below 1.13x10° m*/km?, debris flow exhibit viscous or diluted characteristics, respectively. (2) Under similar geological
conditions, there is a linear correlation between material source volume and debris flow scale, with total debris flow volume
decreasing as unit area material source volume decreases. (3) Debris flow damage potential is controlled by material source
volume. Gullies with material source volumes exceeding 800 000 m® are more likely to produce viscous debris flows, which has
greater destructive power and form larger debris flow fans at their mouths. These findings provide insights for the design and
construction of the Jiumian Expressway and serve as a scientific basis for the safe operation of infrastructure in mountainous
regions and the construction work of geological hazard prevention projects.

Keywords: debris flow; material source volume; bulk density; the total volume of one-time flow; scale; the destructive

capacity of disaster
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Table 3 Characteristic parameters of debris flow

W, e mm beza) ?fr:%?i e oﬁm%{mﬁﬁ RAR—KPH AR FERYFREE K 78 (’AJWL*}E AE(M&L
/(m-s™") /(grem™) /(m*s™) /(10* m*) /(10* m*) EX EX
LEpEREA) 421 1.843 174.14 8.28 3.73 2.7 4.9 1.15
AL SR 6.54 1.647 29.47 0.99 0.34 22 73 0.83
ZEANRIS TR 3.79 1.717 21.67 1.80 0.54 2.4 6.2 0.97
P30 3.45 1.811 253.45 6.12 3.20 2.6 52 0.91
# RSN 4.50 1.677 81.38 1.612 0.49 1.9 6.9 0.85
# R4 436 1.697 88.79 2.18 0.54 2.1 6.7 0.83

TE: FAS PR ARAER R A ML), WM B IER K (o) SIFFER K (D) BNy

LR WX SETTRTTT . MR 45 SE M B B8 Bl A PR 3R 2 75 1B R R ML



2024 4 2= Fy, SF: DU AR T B YR e XA B A B KR R Y 2 S S A - 95 -

KM, FENEA WA, FEARK A . 46 PR SRR 50%, Fiki & 520 A0 E H
OB A3 TR E -h £ (] S)nT o, BRI S5IaHL 3 59 MR AREE SR B, MIGXT & BEE N HA K
He R R B S B 2.75% 5 0.81%, H 414 BB S YA AR, B4 2 BE BDIR (8] 6), BOA A 5 IX
R R RS BT 0.81% ~ 2.75%, HRIAR/NT 1 mm 6 S50 T 1A 45 (0 R 5 5 A AR B0 % TORE2H 3%

(a) WL (b) REAHLEH

(c) ZFAMATS i (d) Z&4RA

() HEBIH ' (f) #ERAT
6 WREKRERER B AR

Fig. 6 Composition of original debris flow particles in the study area

3.1 Wyl E e i i A WZ M) Z A ER R A E R 455
PV AR B2 S S I IE Y IR I VIR, R SR AL R SIS R R 6 AU IRTA TE I IR



<96 - Hh T B S B R oA AR

R

MRS I R o BTAH A 5 2 HE A e A i 2 B,
TN AN HOREBUAZ Hop i)z, BRATHL 3 598 . 25 4b

- =
> ~x

— K&

o ERX S

— KA

C sy

. )

. [V

i /m

o 7252 3 466

k2314
(a) Bt

fRi fi/m
w3331
MK 2385

0 05 1km

S S—

>z

—KFHR

C A —
[T C s ]
= U] . R
- X - X
i /m A /m
w3579 w3491

-,ﬂ‘:&: 2279 0 0.5 1km -ﬂi&: 2628

(d) Z:HRA

i
. iy

—

(b) HAHL35E

(e) WLH/E

] 5530 v R VR IR >, EE A
T vh A PR I G Y T 3R (18] 7)

— K&
O Bl ]
. YR S
X )
FE/m
w3157

| S

(¢) AFAMAIS S

2K

— K&
1 Pty
- )
o HERR X
fRifi/m

w3621

0 05 1k
) Yo Lxm b {2 2 649 0 05 1km

(f) WLBAW

7 HAREWIEDTE

Fig. 7 Material source distribution in the study area
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Table 4 Statistical table of basic data of debris flow gullies in the study area

T MRS

W%, ‘iﬁbﬁﬁ;fﬂ ﬁﬁ:x LS, S, M¢§i1§:¢%%ﬁﬁ W?Ej% %ﬁ:ﬁfﬂ%*‘;ﬁ/

/km' /(grem™) /(10 k) /(10* m*) /(x10*'m’) (10* m*-km?)
gl 4.54 1.843 5.80. 2.19 26.29 102.89 22.62
FRAFLI T 234 1.647 225.0 0 2.32 0.99
ZFFMS S 1.78 1.717 2.36.0 3.37 18.20 10.11
ESiRa] 5.68 1.811 3.96, 2.17 28.16 97.69 17.20
i | 5.14 1.677 1.01,0 0 10.18 1.98
WAL 5.74 1.697 3.84.0 0 38.73 6.74

>z Ye A T AR ML T 22 S 5 W I i AR DG, L

#ASZH
U 5

#1334
I E7b #3304
L/

k= -

O el mm g 0 05 lkm

W OBEE ORI B MR )
B8 FiEAMEnEShREE

Fig. 8 Schematic diagram of groove material source distribution map

of the Azu debris flow gully

).
oy 0 025 0.50 km
S E—

B9 ZFihE 5 SIAEFE MR
Fig. 9 Material source of slope erosion in No. 5 debris flow gully of
Duobo River

55, BB AIWAER/NT 1.75 glem?®, X0
PAL TR R R /N T 1.13%10° m¥/km?, #0A A HFSE X

1 AU K 1.65x10° m/km?® B, Jé A 9 I 44 1 o
G LT AR IR/ T 1.13x10° m¥km® 1, Y
AR AR B R

1.85¢

B RO N

—

(e}

(=]
T

—_

~J

W
T

o AN 5
R R R]
»=1.647 25+0.009 15x (R*=0.913 34)
- .

RATFL3 5

0 2 4 6 8 10 12 14 16 18 20 22 24
BT I/ (10° m®km 2 )
E 10 RARGEMNEARMEESTENXR

Fig. 10 The Relationship between material source quantity and bulk

iRy
R

AHE/ (grem™)
5
f=)

density per unit area of debris flow gully

3.2 Yyl SV AR R A OC

VA i FUAE /IS Y ) 5 e P 8 A [ R 4 o
BEMC, RIERAREZ I SE A (GR2), 6 KM
Ve A It 2 K AR i L — e A i A i A , il — ke
TS SR AT O . BIFAY DRI ) TR SRR 5
ST, PN A ST g, {15 iy AR
KA (0 MRS B IR 5 AR s . e, BT R
Y BTAELVA | A HETA 2% T FUASE Ry AR, it Jalib O i i 53
A E] 102.89%10* m?, 97.69x10* m* (% 4); B FL 3 5
2N S S BRI | A VAR A AR
T, MO TR R 2 R I 40x10* m?, 31 M JE 4RI A
[ SR BN 85 T 3. [RIIL, 25 RS AR E
VR Ay it 2 6 A TR 2 AR 1 O B PR 25 B

U5 £ 18 18 A7 T AR U5 B S — R A U
(P=1%) Z IR FR (F 11), #5385 200 y=0.345 01+
0.347 41x, T — K A I B & >5%10° m® H <50x
10% m? B, YA T RIS A SRy AU, s w45 A6 1



<98 - Hh T B S B R oA AR

R

YRR JLE 20 1.4x10° ~ 1.4x10° m*/km?; 24— KB 41
R >1x10° m® H <5x10% m® i 2 04 {8 i & 78 50 ~
200 m¥/s B, 28 Ay A R, B A5y T AR U R S L 2
2x10* ~ 1.4x10° m*/km’; 4 — I Je A1 il E i <1x10* m’ 5§
WA I 2 <500 m’/s B, 2 XAy /NI B 7 T ARy 1 A
/NTF 2%10* m/km?,

8¢ .

—~ | y=0.34501+0.347 41x B[ AH %)
E (R*=0.86799)

26 Stk

e

2|

= h

S| TR Gt

Zo 25 RN 5
IR

0 2 4 6 8 1012 14 16 18 20 22 24
L7 AR AL (10* mPkm?)
B 11 BRAERYEES—KEAREENXR
Fig. 11 The relationship between the volume of material source per
unit area and the total volume of the debris flow

SRR, FE TCREK . R 22 S5 ELAH B 0 4 1
BUR, Yo i T AR 2 ) S e MR AR DG, B T
TN TS R B 7E 1.4x10° ~ 1.4x10° mY/km?, V64 7k 2

<<
L gy e\

BT ALY

™~

4

(a) BT

<

——

SRR Ay A 5 BT TRD AR N I S A Y B AR 2% 10% ~ 1.4
10 *m*/kn’, Y& /1 i 5 RIS 2 rp 8 5 PR THT AR PN U 5
PN T 2x10% m¥/km?, Wk /NS R AT i
3.3 Wi sE e A T BECK BE

Ve A1 U I RIS e LRIl T A R X AN
AAEE SN RE R o Ve A TR o R R L R
S e RURRAE 2 Ui A1 I 3 R B 1) R B RRAE Y, AR B
838 3 B AT B R U, AR T 6 SRR A T HE AR
i B SR TR MR R AR (R 5) . WA
WL B QA YA U R R R VA O HE A R
X R 45 9 U8 A T HE B B 467 T8 H R 5 2 3 km At
UL 12(e), HoAx VAT Uit 1 1) 3 FEURS S5 7 25 A MU 1 0%
M (E12)

=5 RARERBEE
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Fig. 12 Schematic diagram of debris flow fans
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