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Abstract

Based on simulation of the rock-falling impact process with the discrete-element particle flow
software PFC3D and the simulation calculation, the data of rock-falling impact force is extracted,
and analyzed in SPSS software and finally the multi-element linear formula for the impact force of
the falling stone is fitted. The method of discrete-element particle flow has great contribution to
study of the rockfall impact force and is of very important guidance and reference for the preven-
tion and control of the rockfall disaster in the mountainous area of China.
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A B2 A R RS RITHEFE, A5 VN L . RN S R R IE LU 4518 KR,
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Figure 1. Calculation model of rockfall impact
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22, WHETRINE 1 xR
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Table 1. Combination of working conditions [12] [13]
= 1. EAMETIRGSHEBTRERERMITRAS[12] [13]

Height-H (m) Weight-W (KN) Slope-9 (°) Thickness-t (m)

10 5 15 0

30 10 30 0.6
50 20 45 1
70 30 60 2
90 40 75 3
50 90 4
5

2.3. BEUTHEEMMUSEIRE
AR EEBFUHION 2 0% e K SCRk[12] (1314 B9 8ds, BR(E B LK 2.

Table 2. Micro-properties of the model element [12] [13]
2. REBITHEMSE[12] [13]

A — L B RmNIE L1 Wi IR RS DR DI DRG 4558
dens (kg/m®) fric Ky (N/m) Ks (N/m) n_bond (MN) s_bond (MN)
A ball 2600 0.5 1e8 1e8
[F]3H 4 ball 2000 0.5 1e8 1e8 0.05 0.05
4 wall - 0.1 1e8 1e8
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Table 3. Macro-parameter calibration results of backfill [12] [13]
F 3. EEL RS HARELER(12] [13]

FPEAE R Eo(MPa) R4 Es(MPa) HERV= A K% 77 c(kPa) WEEEEA ()

22.0 38.1 0.366 40 21

3. ZikiEmaEie
3.1. &R E X ER

FERA AR, AR — AN R AR 2 PN B LR B AR e, T84 PR AR B 5 X ) AR A
FELITREMER R, BIAHEZEMEZAN BRREANERR, RO Z Lk RIA[14],
% UL MR HCA AR T

P=B,+B X, +B,X,++B X, (3-1)
A, P RUEGER, X, 2%HHEENEZE, B £ZIGEMERIEEEI, B, 2 %A B2 &KW E
FHL.
3.2. LRl HEEAE
ZICEAMERATTEN AR

1) BT 2 TR [l A5 A

2) RIS BRI IRENE R B

3) BIAREARGG S, BRI . X R R, RPEI. BIHRE (165, SEM FIGKS%
[13][14]s

4. BAMREHZMERYS

EAMTE RN R AR EEZHWEEA: B, WEkams it aAaX, NpiEasmgit
RALEA R R B, MR EREEIELRE, MR EHEE, 2558, X
BRI A PR N, BB 9 H 1, BRI XA R EX AR RERIEE %4,

SCRR[12] [13145H 0.6 m & [+ 5t B8 FRAR 50% LA L [y yfats 7y A [l 35 JE B 2 2~3 m (4518, (A
I, ASCPARBE R R A AR KR B A B, K EHEEEE =04 (0,2)s [2,3]s 3,5] mfE
NENAG B ASC R A H 5 W IEIE L R 2~3 m B 28 M 26 1 1] )5 5 7
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SINBARE AT, fRREVE A 7300 18.4%38 K 4 88.6%, i HH F A8 5 1) IR A T ¥ A1
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Table 4. Regression model analysis [13] [14]
4. EYIERISH13] [14]

B A R R’ P R? RPE L Durbin-Watson
1 0.840 0.706 0.703 0.706
2 0.943 0.890 0.886 0.184

(=[23]m 1.719
3 0.953 0.908 0.905 0.019
4 0.953 0.909 0.905 0.001
42. FESHT
B AR T

Table 5. Anova analysis of regression model [14]

F 5. EVARBIFES ([ 14]

t B iR Rl df Y5975 F Sig.
EVE| 88,454,470.353 4 22,113,617.588 212.963 0.000
1 s 36,862,361.203 355 103,837.637
Bt 125,316,831.556 359
5| 111,472,742.682 10 11,147,274.268 281.015 0.000
t=[2,3]m 2 7= 13,844,088.873 349 39,667.876
st 125,316,831.556 359
EVE| 113,841,514.484 14 8,131,536.749 244471 0.000
3 T2 11,475,317.071 345 33,261.789
Mt 125,316,831.556 359
113,924,355.618 15 7,594,957.041 229.333 0.000
EPE]
4 k7= 11,392,475.938 344 33,117.663
Mt
125,316,831.556 359

M5 al L, POAMETY Sig EHAS/NT 0.05, T BP0 [ AR R #0 B 2 pO P — /) F R, it
AR TR U0 A B B UF

4.3. EVEABREMES

%6 A T AR R BN AR B R P, WRTEEETT LA B, LA
FNAR R A R EL P BN T 0.05, B EIH RBURAG RN

4.4. EVFRFAXMEE

6 PHIH TSR R I R E MR R AR, R AR RN, BRI R AR
Ky, MHEN AR AR EMLE), AL EREN, BIEBAA R

4.5. ERAHHEVEEE
GEE A 1~4.4 DRSS RAT AN, [MHE RN 2~3 m I, PUAMSEALER L T, TUAS B AR B s A phdi

DOI: 10.12677/hjce.2019.84098 849 T ARTHE


https://doi.org/10.12677/hjce.2019.84098

FRA &%

Table 6. Significance analysis and correlation test of regression coefficient

6. MARKEZ MO RBX MR

B et EVEEX s AEbRAEIL R L t Sig. AR T %
(&) 211.652 2.093 0.037 1/0 /
H 5.983 9.964 0.000 1/0 113.795/0
1 0 7.725 12.224 0.000 1/0 0.399/0
w 234.285 21.963 0.000 1/0 0.361/0
t -373.311 -10.990 0.000 1/0 1153.752/0
(&) 211.651 3.386 0.001 1/0 /
H 5.983 16.121 0.000 1/0 43.472/0
0 7.725 19.777 0.000 1/0 0.153/0
w 234.285 35.534 0.000 1/0 0.138/0
t -373.307 -17.781 0.000 1/0 440.754/0
2 HO 0.122 8.843 0.000 1/0 0
HW 2526 10.835 0.000 1/0 0.054/0
Ht —4.052 -5.459 0.000 1/0 0.551/0
ow 3.677 14.988 0.000 1/0 0.060/0
ot —4.117 -5.270 0.000 1/0 0.610/0
t=[2,3]m Wi —133.480 -10.122 0.000 1/0 173.887/0
(&) 211.651 3.698 0.000 1/0 /
H 5.983 17.605 0.000 1/0 36.451/0
0 7.725 21.598 0.000 1/0 0.128/0
w 234.285 38.805 0.000 1/0 0.115/0
t -373.307 -19.418 0.000 1/0 39.575/0
HO 0.122 9.657 0.000 1/0 0/0
HW 2.526 11.833 0.000 1/0 0.046/0
3 Ht —4.052 -5.962 0.000 1/0 0.462/0
ow 3.677 16.368 0.000 1/0 0.050/0
6r —4.117 -5.755 0.000 1/0 0.512/0
wt -133.480 -11.054 0.000 1/0 145.805/0
HOW 0.055 6.957 0.000 1/0 0/0
Hor -0.050 -1.971 0.050 1/0 0.001/0
HWt -0.853 -1.999 0.046 1/0 0.182/0
owt -1.737 -3.865 0.000 1/0 0/0
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Continued
() 211.651 3.706 0.000 1/0 /
H 5.983 17.643 0.000 1/0 0.155/0
0 7.725 21.645 0.000 1/0 0.127/0
w 234285 38.889 0.000 1/0 36.293/0
t -373.307 -19.461 0.000 1/0 367.974/0
HO 0.122 9.678 0.000 1/0 0/0
HW 2.526 11.858 0.000 1/0 0.045/0
Ht —4.052 -5.975 0.000 1/0 0.460/0
t=[23]m 4
ow 3.677 16.404 0.000 1/0 0.050/0
7 —4.117 -5.767 0.000 1/0 0.510/0
Wi —133.480 -11.078 0.000 1/0 145.173/0
HOW 0.055 6.972 0.000 1/0 0/0
Hot -0.050 -1.975 0.049 1/0 0.001/0
HWt —0.853 —2.003 0.046 1/0 0.181/0
owt -1.737 -3.873 0.000 1/0 0.201/0
HOW? —0.025 -1.582 0.115 1/0 0/0

JIBA R AR B s, RS B A R Ve At I B MR R, SRS HIURH HOw B3,
VUYRAS ELIAS R 3, ¥ A s Ju S s /AN o] DLZZGS o 67D 2 JULA RE By, A2 3 MR RP Bk, HLAR
B HOW S8R5 FE S 19%, 455 % RER BURE A 3 I FLOR B = R8BI HOW, B LA FE FE R = 0.905.
AL I E A R R
P=5983X,+7.725X, +234.285X, —373.307X, +0.122.X, X, +2.526 X, X, —4.052X, X,
+3.677X,X, —4.117X,X, —133.48X, X, +0.055X, X, X, +211.651

By

PM'=5.983H +7.7250 +234.285W —373.307¢ + 0.122 H +2.526 HW —4.052Ht
+3.6776W —4.11760t-133.48Wt+0.055HOW +211.651

5. &t

ASCAE B HOTRURIA PFC3D B AUV A 1 o 45 A4 TOUR - B2 BB TR 495 g i oK ot 0 5t 0 L
KHI SPSS Bt AT H AL B, BT 2 e mAES 5770k, X 1260 it 5REE Rk AT 2w & B A AL
B2 P SO UK ER 41 DO Ne s IR R CIDE LRIt W S NI ES (GO RTE S IV S P S I g/ Eprit e T4 Kt S e R Pl iy
AR [, BT SRR XE A rfd DRSS A, AR %, S RS,
FERERGR o i T LA A0 R 4518

1) BAE H. W. 0. ¢ XAl TR S B2 XA S STIR12] (13145182 — 2
iR

2) WA BRI, IR HI A IR, MR SR ERE, R RNENE
AR AR X VE AT Pl FI 50 2 BRI, R XEVE A b A BRI, SRRV A e i A A
AT 2P B RE, AT LRI AT
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