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Abstract: Following the principle of similarity, using reduced scale structures, taking the slag as a source for
straight ramp-start simulation test, the quantitative correlations of the grain composition, slope gradient and the
critical water content which are the main influential factors of mine debris flow are studied. The tests indicate
when the grain composition is constant, the larger the slope gradient is, the lower the critical water content is. And
it is also shown that the water-bearing slag is easier to start than the dry slag. For the slag on the slope, when the
saturation is certain, as long as the slope gradient is large enough, the slag will be able to start and form debris
flow. When the content of the fine material in the slag reaches 28%, the slag is the most vulnerable to start. The
greater the mass of the slag is, the higher the slag heaps, and the easier the slag stars. The slagheap with triangular
section is easier to start than that with other sections.
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Ao, g TR R R S . 1994 4E 7
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1100 J57c™M, 1970 4E 5 H 26 H, VU5 v 5
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BBV A AR S e A, st i sl e A
A E G AR AL R R, BRI YR Sk b ieidids
FIMESR AT ARSI B e A v, el T AL BT
) H A, BTSSR AT AR I R S, DS
B (1) 32 B R (A ORI S TR IRI R S e S K =
VR ASEILR R, TSR A A B 2 1 2
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P 12 B A N BRI I B T R
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WOREZH 53 /0 o W1 DIKUBURL R 32 3B K PERELF AT
BRI SIHUE], B NSMER R X
AT RS B AR A AN HAl N T Y8 A7 3 H AT 1
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2 MIRE=
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Fig.1 Sketch of testing device
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Fig.2 Grain composition curve of tested slag

4.1.1 R E AR AR T )
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cm (1R EEHEE TR GIE A B A 2 B, it
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Table 1 Relation between slope gradient and critical water

quantity
B JRIRHEFEIC) I S 7K /L
1 5 15.10
2 10 10.53
3 15 8.40
4 17 6.97
5 20 470

Xt L EHRAT I T, nIfn R
0 +3691 85 —0.10252 —37.757=0 (R =0.9218)
@
X R WHRRE, 6 WIRKWE, S it
IKEAF TG FOKE .
IR, IR, HERA ARSI
e SR RN 2, RN, FriiE sk
WA, AR NS A 4.35° KRR K &
3.4 L, BI43 KT 4.35°m/KE KT 3.14 L I,
VAT T A v] BEAS S e A T o
4.1.2 K 5% AEAR IR K A T IS 8l
S FIRRIGAHF P AAE T, ACK ok T A8
S KN 5% RITR A HEAT AR A AR B, &5 SR (L
xR 2)EW, XF—w@ GKENNE, AR
K, IGFAKEN.
Xt 2 BRI TIE T, A5 R RN
0 +3275—0.093 652 -33199=0 (R = 0.943 7)
2
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Table 2 Relation between slope gradient and critical water
quantity when the slag starts with water content

of 5%
RI 5 JERIRHE () Il ALK /L
6 10 9.72
7 15 6.80
8 17 6.48
9 20 4.05
10 25 3.24

X4 E MRIR I AS, R SRR iR L
TS TREE AT, (HAERKREA KN
DU, RHEZEE A
4.1.3 BORL T AEAR T AR S BT IE [R5 T
Z)

HORL T AEAR I R (i 1.9 L/s) S ASEFEIISE ik
B RN RIS Rl 5 R (LR 3)3R W, TR
JEHOR, KRN, AR,

K3 R BTN IR I R 7 I R AR
5 AR B R R
Table 3 Relation between slope gradient and critical water
quantity under conditions of runoff and simulated

W, HEER . NEEEMIRE, AERN;
J7 1 P AR I T AR, X3 . Y i
HETE R T e E R o
4.2.1 AN[AIVE AR A v S B A

K 13.5 kg HIORL - HAE AN [F) VR0 R 1) 2% A%
I T AT FUE B G A . 45 (LR 4.
Kl )L, W R KA B HOR, LS iy St
RGN, AR R HL DN . AT RIE K B ST
BN R — I A3 B (0), 90 W RARTF UG 5)) 1H 33
FERIA S IR AR (6), IR MRS 5L
I Sk 5 = I SRR ()M . AR S R HERFIUAE I
W,

F 4 AN [RITRURE PR L B P I SRR R I
Table 4 Critical slope gradients when the slagheaps with
different saturations start

spray
(B oE R JERIRI () A ERKEIL SRR L
11 10 8.42 0.68
12 15 5.80 0.69
13 17 4.84 0.70
14 20 4.05 0.82
15 25 3.04 1.28

X1 3 FREHE AT A AT, A3 RO R

S, =0.017 56> —0.933 50 +16.508 (R =0.900 1)

3

s S ARG K S ARSI B R () B A 1
Il 77K 5

IS5 BB KRN 5% BB ER M AT T
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t, HAERIEE A KMAER- : — DA AR5 K &

I SR BEL(°)
Ris  WUEREA R -
o 0 05
16 Tt 0.0 32 34
17 HAk 0.3 30 33
18 HAk 0.6 16 26 30
19 HAk 0.8 14 22 27
20 ELN 0.9 22 26
21 ELN 11 19 24
22 EgN 1.2 14 17 22
23 EgN 15 8 16 22
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Fig.3 Relation between critical slope gradient and saturation
of slagheap
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6, =1.570 252 —14.204S, +32.887 (R =0.966 1)
(4b)

XY BT, AR R, aoik
BRI AT o RS0 5 ok 16 (11 HE B 1)
SRR BRI IR A A T A B (LR 4).
4.2.2 AR N EHE )R )

I 78 R IRy 177, K 27 kg HORL T LL 10
cm R HEE T RAS R AN, W AN [ AR I
FRAAES G R KR AR R, MR
MR v<<2 L/s I}, fRUUH B, B Atk &
N 5. B 4); MR v>2 Lis I, ik
K, mFKEWER, HEARREHLLR.

X5 ARG T A B I K
Table 5 Critical water quantity when slagheap starts at
different runoff velocities

L S, AARFERREE RIS KR

M v<2 LIs I}, fEfE— N R TRAmEs)
(AR IR B 1.92 Lis; 24 v=2 L/s I, 5 2R K
A BEAEYE A S, PR b AR MR BIXAE R
IR KR AR, E4hE v=1.92 L/s )
PO, ATRA VR B R AR 30 W 1K T BR A
4.3 FRREXRATESARMm
4.3.1 B 4R 5 B T I S K = 1 S

TP, AR T 22 e A AR
SRR KA, ¥ 27 kg OB T L 10 om 5
HEE T RO A IRAE R Bh X, [ SR R
hAT° %1% 0.6 Lis IMARTGERE K. 78 HABRES
FAFHFEOT, 4RO 6. Kl 5)%&W], it
KSR R T R R, AN Rb
I S K B AR B & A . AR R A
FX— e/ MERT, AR SRR, HE K E
BN BRI R, L)
G K B AR XN AT PEAR R i O 4™
MRl E R, YA, HLE DY

F6 AR TS A I K I
Table 6 Effect of fine material content in slag on critical
water quantity

BRI g5 FEWTEEIL « s7Y) I /K /L
24 0.083 KIS
25 0.490 11.7
26 1.307 8.0
27 1.806 7.2
28 2.010 7.6
29 2.694 9.1
30 4.220 11.9
14
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10 +
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BRFHENL + s

K4 R 5 SOk R R
Fig.4 Relation between runoff velocity and critical water
quantity

[B]VA 73 AT B, A3 B R oK i TR o8
RO LUKIR N
2.223 12 —8.523 6v +15.343
(R=1, v<2 L)
S, = ®)
1938 1v +3734 7

(R=0.999 7, v=2 L/s)

RS HETHE/(g » om ) AR SR IEAKEL
31 1.72 5 155
32 1.85 10 13.0
33 1.85 15 10.0
34 1.94 20 9.2
35 1.94 25 7.1
36 2.00 30 6.8
37 2.08 35 8.9
38 2.12 40 9.6
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Fig.5 Relation between fine material content and critical
water quantity
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) 5%), fLBRE R, W/KZIEL, Rk KE
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4.3.2 FEARIRAS T 0 v 40 R4 o7 0] I T30
(1 5% 1)

¥ 13.5 kg HOR AT B 0.9 3K
A, FFLL 10 om (1 5 B HE B TR AR 6T IR R T i
EBX, SRR S IR A KK,
PRI EORL T ¥ AR AL, ABAFAE — N e/ I T 3% A
20.5°, IS RE 5 WORL R AL BRI R R . X T2
TR (0o), AR T A B — fME
B, I 3 P T R 42 o B B 36 KT/ s Mt ks
TrEKTIX e/ MER, I SR A k) i =
R R(WAE 7. & 6).

RTWEHARY) TS RS IR AR R
Table 7 Relation between fine material content in slag
and critical slope gradient

LS ERTRIR € TR CIVEFA g TTIE P S (R
J& 6, IATRI) &5 B C Z IR R A5 6 1 ks

6, =183.33C% —100.83C +34.625 (R= 0.891) (6)

44 HibZmER
4.4.1 FVEHETE T AL S 1) 50

JERIRIE A e 17°, Kok T L 10 em 1)
JEREHEE TR IR G A AR 3 X, 48—
0.6 L/s (IR (K . iRIe 45 (LK 8) KM, 1
EHE RO, P IR SR RO, RS

F8 AR SINFUKEK R
Table 8 Relation between slagheap mass and critical water

quantity
X2 TRS A HE Bt kg Il St KL
47 135 7.20
48 27.0 11.7
49 405 26.9

Il 7351 (°)
Riegms  FE - om ) ALY T 1%
91 92 93
39 172 5 30 38
40 185 10 26 32
41 1.90 15 23 32
42 1.94 20 12 24 35
43 197 25 10 21 30
44 2.00 30 20 31
45 2.08 35 20 20 40
46 212 40 18 25 37
3B
~ 30f
@
=
= 251
.L':E[
]
EP& 20 -
15 1 1 1 1 ]
0 10 20 30 40 50

AR T %

K6 prlrhamki s 85 IR R
Fig.6 Relation between fine material content in slag and
the second critical slope gradient

4.4.2 1 HEHE R g JO0T S 5 (1 5 1)

4 13.5 kg HORL T I AR R 0.9 BIRAE,
I3 ILAE 5, 10, 15 cm 2RI B TR GH (1)
LA )X, SMB4GT A, e A FIHER =
FE VAT ) G SR . I g R (AR 9)k
B, v HERR) v PO, S B0 PR I S8 R gt ) o

9 WA HEMERN R S I AR R OC R
Table 9 Relation between slagheap height and critical slope

gradient
_ o I 45 B (°)
E TR MR em
01 0, 0
50 5 15 24 40
51 10 22 31
52 15 21 27

MR AR A FE 22 1A 0 i, 28 I AR
0, SHERUE S h R RRFA T
6, =002/ -0.7h+27 (R =1)  (7)

4.4.3 1A HEHER W AR HEHERS B 1Y) 5
(1) WOk 13.5 kg RO T LEAH AR R
W RE(L7°) BAT T S (0.6 LIS)HEIK 4 A7 T i 56 &5
RO 10)RH], = EWTH (5 i 7 Tl sl
PAEVIATHIOR 3 ey P v i T P 2 e [
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Table 10 Relation between cross-section shape of slagheap
and critical water quantity

R0 5 Wit & I S 7K kL
53 HE 11.70
54 BhIE 10.50
55 =k 6.27

(2) FARIRS: 85 ORGSR 2% 1 AH A K 45 1F
N SRITMANEE D 0.9 RS T . 45 REH,
=SB O I e S ke sl L RO TR R 45
L 11).
R HEHETIE 2 I SR I R

Table 11 Relation between cross-section shape of slagheap
and critical slope gradient

I S EI(°)
g Wi B2
601 6, [
56 B - 25 32
57 % - 26 32
58 =g - 22 27

A.48.4 JEE A RE R it F5E oF 7 50 (1) 5 )

TEAR IR E (0.6 Lis). B QA7 )M F 41T,
HIORL-VAE 0V HEAE R RS IR R S 2 (1) s K &K T
eI R R IR S K (W3 12). i AE o 0.9
FARRIE R (WK 12K 8, TERRERR LA i
FEL B I 35 o s KT JEC AR PRI T30

RA2 RRFFAER AT HA B 5

Table 12 Impaction of initiation by the characteristic of the

slope bed
- HARIRI I S EN()
pokeri (D
m 77K o 0 05
Piri1 10.5 - 25 32
pikicy 11.7 - 26 38

(1) EAWEZIE N, BRI, IR
BOREBOR, FOREN Ik SO B8N . S K

A R A AT BRI, RS T R
VL

(2) T HUEIE R RART i, AR
i 28% A I, TSI A i S K R B

(3) WEME TR AN, WS A, A
WHER Y Fildsh . =SMIBWNm O  HHE i i),
TCHT IR LA HERRURE IR 7 2 e 50

N TR BT R, X R B iy
B PERAE N IRIR, WA %5 8 T B RS R . 7K
Iy BB, PO BLAIR A T R SR DL,
DI T2 B PR 2 P ke T e e sh i 5t iz
RIS HIBR T RAR KT 50 mm (s, DRSS BT 5
KN B/ I KR BRI L e A7 VA
FAFELRR AT 2, A SR i )
AR NI e A AR S I R PR T e A
WER, BA—ENSHENME. SadEd—>Dn
Ui BRSNS, TP IR, A fE
513 A HERR AR, A e A T U R AR
R
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