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Mechanical response characteristics of debris flow

accumulation under impact load
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Abstract: To investigate the mechanical response characteristics of debris flow deposits under impact load, a
combination of geotechnical tests on deposits, similar model tests under impact load, and numerical simulation
was adopted to analyze the time-history curves of acceleration, velocity, displacement, and stress of cylindrical
projectiles penetrating debris flow deposits, as well as the evolution characteristics of motion attitude,

resistance, and cavity during the projectile penetration process. The experimental results show that when the
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projectile penetrates the debris flow deposit, the displacement increases rapidly. With the instability of the
projectile’s motion attitude in the debris flow deposit, the deceleration gradually increases. When the axial
direction of the projectile is perpendicular to its motion direction, the contact surface is the largest, the
resistance reaches the maximum, and the negative acceleration also reaches the maximum. During penetration,
the projectile displaces the debris flow deposit to the surrounding area to form a large cavity, and the velocity of
the projectile decreases while the displacement tends to slow down. With the increase of time, the projectile
flips over, and finally the tail faces forward. Additionally, the contact surface between the projectile and the

debris flow deposit decreases, the resistance reduces, the acceleration decreases, the speed slows down

relatively, and the curvature of the displacement curve decreases as the speed decreases.

Keywords: debris flow; accumulation body; impact load ; high-speed trains; dynamic response
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Fig. 1 Collapse debris flow accumulation body
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Fig. 2 Particle grading characteristic curves of debris

flow accumulation body
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Fig.3 Triaxial test results of debris flow

accumulation body

F2 ZHIKBERENRAREREEE
Table 2 Strengh of debris flow deposits obtained from

triaxial tests

A R I 25 HE K i 285 AR HE K
®1 RAREREDESH Mo,/ VERIE  RARE  URAEE SRR
Table 1 Physical parameters of debris flow accumulation body kPa ¢/ kPa in/KPa ¢/kPa i/ kPa
HEy/(kN/em®) KR w/% I G, T ¢/kPa 50 208. 48 178.43 234.53 155. 68
20.2 21.63 2.71 37.91 100 326.25 288. 14 387.70 215. 20
BB /() Eﬁﬁ%%ﬁf?]_z/ 4 455 4k WA S, 150 424.08 343. 87 462.43 239. 80
MPa E,,/MPa
18.70 0,31 = 30 0.88 LS-DYNA147=7 # #5582 B | A 456 i 4% 4K

ZEA 34 Uk g T il 2R 5 SR A5 ) BT BUUR A I
HE B A Y B R RE 42 dgo=06. 25 cm, K 1R dy=
3.25 cm, 3% 42 ki 12 dyy=0. 18 mm, A SR 12 d\y=
0.08 mm. #5515 20 A i HEBUR I AR 2] &R
B Co=ds/d\v=78.125, I HE Z ¥ C.=d/(dyd i) =
0.06, AT UL, U6 i BLR 2= 2 LR AZR 0.1 mm<<
d<<10 mm 2}y F , A5 R BB, B A B kAR
YA AT AH R AN B, A7 A P R AR A 2
1.2 MEREYSE

W Ue A i HEFRAA ) £ B B A% 50 mm X 100 mm
B9 B A RE , A GDS-DYN#S + 3 = AT J2 I8
A7 HE U = A [ 25 AR HEK (CU DB | = 5l [ 45
HEZK (CD) IR, 3R 45 U8 A1 300 HE ALY i 0 e 280,
RIS S5 R 3T 2 R .

280 &M G, FLBR K 0% 280 Koo D M D, 722
WL S8 A M E 55

S M TER) UG 45407 [0 (T M AR RN AR | el =l HE
KRS B, 25 R a2 3 TR

LBRIE B8 GAt (D) s .

e Pl a—ey, I8l
Gf:V“LUPdeV: el @ 2€ ) (1)
2 SO RIEE se,, W R ) R B9 AR BRNE 2 5 P

Ry W AE AR . T
% 2% Manual for LS-DYNA Soil Material

Model 147 F- W} v 5& T R 28 B £k 2 Ky WL 2, AR 4
X2 T NS

A¢_El(1 W)Aseﬂplas (2)
Angpmax



78 + K5 x%E L FHKOP E X

% 47 %

O Aecgg N RIBYERL A, V0 s A AR AT
JT U IoF e (L 558 B2 PN BE 4 AR 9 5 L, 0<<AL<<1; E A
P A 2 M B A 3R B
UNSRA e e B AR AL, T 0= @i= @
ZHCA TR s [ 45 S HE K = e 2 SR v g
{EL 56 B2 T 55 45 2R 0 3 08 1 R A o R T AR AT A N
FESE AR 4 X3 E .

L1743
Po _ 2020 15358 (3)
ome  32.53

He X (3) & Reld A (2), RIVAT A5 21 Al 2 4
R R E L S5 R ISR 3R .

#*3 HEESHDINT.VDFMHE,
Table 3 Model parameters of DINT, VDFM and E,

An:

A7 34 [ 45 % 04 /kPa &/ % G E,/MPa
50 5.307 472.07 —0.2021
100 9.028 455.74 0.396 7
150 6.226 858.07 0.518 1
TCFLBR AR B K AR =X () A 53
K
Ksk - (4)
3(1—w)
l——n
2(1—2v)

LB AKX A 8O J1 152 280 D, Al B Skemp-
ton fLBR/K & 71 280 BRAS , S5 BN
p—_ Y

1+ nK./K
B 1—B
C BK.[n(1—S)]

S T B LB K R T RS2 SR FH TG L B A
RABE B L 2% R4 R R 1Y) e KR

ke Ba
1+ KyDn

T o 12455 R0 AT A5 2] LB KO AR R Y 52 T
ZH D,

(5)

D, (6)

(7)

D, = f{k;j (8)
Ay AR L s A FLBR R S S AL s K R KR
Wi s Ko b JTC AL B AR U i 5 B A Skempton £L B /K
RIS
HSHOTASE R KA,
R4 EBSYB.D,MD,
Table 4 Model parameters of B, D,, and D,

MURBE  JEAL B R BURE i

FLBRLE e B D, D,
S, K, /MPa
0.63 0.88 25.091 4 0.704  0.738  0.357
0. 64 0.91 20.197 9 0.704  0.594  0.591
0.70 0.81 35.791 4 0.693  1.169  0.158

HRAE S By A R4 R 45 6 1 19 30 ) e
5 45 2R, — 8 U ) R AR B e R BT AR Y 506
820 B 1006 AE MR . F2 2% 88 A i e 1
UL e BRI R v A I HE AR A A A 45 A B R IR
XA AE B S PR, IR RV € =5 Y0~
10%

2 HEFHERAREIKE

2.1 #WELIIZIT

Ry WF 5 v B e A AR T U8 A U HE BUA Y
g w5 T R R B, A AR Tl op
MR RS, E 4R, ZEEARER
B ISR 2 P | A R e A RN M i B L RN [ A
A SEER 43, B R rh i ISl 60 m/s o

E4 HERBERES
Fig. 4 Shock test system

KN 1.0 m ., 58 B A B2 0.6 m 1Y
TR 36 A A Sk Ve A U HE AR o BRI A A R R
JE 2 30 em By AR e A i HE AR Ay SR Al R
TR P, 7 B R BE 5 e 3 B B ST SR 9 VR B IR
M RN AIRY | 2% v vfr ol o 280 0 46 BE (52 00 o SR A )
B AL TR R BT , 4L 90 M A S o % 5 W
Wit , W& 5(a) BT s o BN Wi TE A EE 5 em, 4% ob i
5 1) G HE B, e 1,305 W I e i e o o
R o N U N1 e o VR SN IO S s A K (- 0 R
11~22 5 ¥ 50 4 B AE S Al 5 om #9454 W7 1o
b AW R A 2 R0 4 W I b T v
T v G 1] i Sl i SE R K o AR RS G
1~8 %5 , 5] 1 B 76 5 A G5 4l 5 em 9 45 A W 1
b BT L% A o SR 1CTOL Jin i B A% k4%
HBW 8 4 F g A S 25 D 3k o A 20 4 FH 2 7 op
e A T HE B R A i B N A 3h R T, W 5(b) B
INe AT ERESE oh i BAE TR U8 A I HE R Y Bl
J3 0 R, B i e e 24 T 0=25.30.35.40,
45 m/s. K DH5981 43 4 2 8l 845 5 ik 43 B &
GEHEAT B R A B 5 () FiR .
2.2 RARHERMEMEE SR

ik RS v=235 m/s B A2V UE A 3 HE LA A



T#E bR BAEA TR B RBERIKG S F

(c) BdhiR A

s e RRERKE
Fig.5 Model test under impact load

HERT LW 6 roas ., Ha P 10 ecm A K
1~4 5 fin i B AZ I ds , BEE 20 em &bl 5~8 5 n i

AR S
ML 6 AT 20, B 10 om &b U6 A 375 i FRAR o ekt B

s {8 73 %) 4 3. 02¢.0. 54g . 1. zogﬂlz 97g; #LIK 20
cm Ab U8 A7 U HE B e B2 U (E 43 ) Dl 0. 65
0.36g.0.58g F10. 72g. 3B I s Fo ifd 142 ‘5 IR 2 ) 344
T 2 v /N O A I B i R A AR, Y Rk g
35 IFHE UG AU HE AR B 7E LB T DL K — S VR
T TR PN = A HE N g o 33X R 5 BOHE R 9 e
TE AR 52 37 A5 RS Z /07 A I B B 2 1 1) 7
HERS 76 et 2 LAy (o7 5 1) 18 5238 3 v 2R 7

K o R R AR e A S AT — R R Ry
ARAT vl i ger AR A AR b A I HE AR B R AL
Fo 2k, i 7 fiE 8 frs o

P 7 Fn il 8 WY, o it i A4 2 3 B0 A Ui

") R 4 AE 79
sf e IR
o 2E IR
2} —A— 3SR RS
I —v— AR
)
® o
B
S-ir
s
3k

0 0.01 002 003 0.04 0.05 0.06 0.07 0.08
B Ta)/s

(a) Y% 10 cm

08
—m— SRR
0.6 —0— 6L IR

041 —A— TR RS
. —v— 8GN AR

L . . L L . L )
0 001 002 003 004 005 006 007 0.08
s )/s

(b) HLE 20 cm
Bl 6 e i HEFR s hn i A 22
Fig. 6 Acceleration curves of debris flow

accumulation body
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Fig. 7 Velocity curves of debris flow accumulation body
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accumulation body
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body under different impact velocities
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3 mETHEMERTEAMERME
F10m Rz A BR T B & L

3.1 #HMEARIESHIEE

K F Workbench & 57 i 4 28 1 FH T A7 37
TR 2 oy g )07 5 (E T E S A 78 F 5% b o Aop 2R AR T
e A7 e B 1 B 00 32 B0 . o o o 7 28 T b
J K 3 em B4R 0.6 em H H A7 400 b vk 0 60 R A
1A U A U HE BV R (X 18) b 1 m, SEJE(Z18) K
Im,®mEE(YH)NO0.3m, H #fA& R 5084 5
TR 22 6] 4 32 £8  90° , B B0 4N & 12 i s

£ LS-DYNA & 7% (19 3 J7 43 B v, %o 4 1y 5
PRSI S0) 43 A B G A S A AR A0 Ul A O HE R R A
RUEE ST 4 Ja , 04T RS R0 43 o SR 25 4 A 4k 255 4>
BATT 5 U6 A I HE R AR X R FH 22 DX 3 e 55 7K T AR
JC, 3t 11 404 9954~ o0 . B A FLALIE 11 405 250
AT, 11 565 696 A7 i o ALY 301 A 2 o SR 1
WE N A HEBUA R A ot A R
JIG T 38 B 30 5 A A Ry T 2R

T A W o UK SR 147 5 *MAT _FHWA _
SOIL A4 RHR Y | 5080 25508 5 1 iR i 0 15 31 . A

12 - —s— 11 E R
—e— 125 H LR
HE s 138 RS
[ —v— 145 Sk

3R T1/kPa

2 30 3 20 25
NS/ (m/s)
(a) 5 cm iR F

3R J1/kPa

—a— ISR MG
—o— 165 SIS
—A— 1TSS
—v— I8 SRS

2 30 3 20 35
DN/ (m/s)
(b) 15 em IR B
[—a— 10 At

| —e— 205 Ik ks
—A— 2SR

3R J1/kPa

- N W A U o 9 ® ©
T T T T T T

2 30 3 20 P
NS/ (m/s)
(c) 25 cmIRJE

11 AERERRERENLNETL
Fig. 11 Stress changes of debris flow accumulation

body at different depths

12 EEEARARERERER
Fig. 12 Model of train penetrating debris flow

accumulation boday

AR AT I HE R BT (1 b1 R S0 26 5.3 6 i,
F MR B R AT AL, O T R R AR
W s & T 94T 8, it *MAT ADD EROSION 3
] S IR AR I AR R R AR IR 5 RR R, T
B EITE 0. 01 s, B[] 25K R AR 0. 9,



82 AR5 xR F RO E L

% 47 %

x5 BEMBESH
Table 5 Material parameters of train
WA RRMER B/ (kg/m®) SRR /GPa IR L
Bifk  MAT-020 7 850 200 0.3

®6 RAREREHESEH
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Table 7 Experimental and numerical simulation results of projectile penetrating debris flow accumulation body
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