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Effect of medium-sized particle diameter and grading on yield stress of debris flow
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Abstract: [ Objective ] Generally, the yield stress of debris flow is positively correlated with solid volume concentration and the
enhancement of clay viscosity. It is also influenced by the properties of coarse particles as well. However, existing laboratory
rtheological experiments have not considered the influence of medium particle properties on yield stress. To investigate the

influence of medium particle properties on yield stress and improve the yield stress calculation model, [ Methods]the yield stress
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of debris flow was examined using four types of medium-particle quartz sand with different mesh sizes. By varying the solid

volume concentration, medium particle size, and particle grading, debris flow slurry was prepared for laboratory rheological

experiments, and the experimental data were statistically analyzed. [ Results] Analysis and comparison result indicated that

better medium particle grading result ed in lower yield stress, whereas poorer grading led to higher yield stress. When the solid

volume concentration was C,< 0. 47, medium particle size had little effect on yield stress. When C;=0. 47, medium particle size

exhibited a negative correlation with yield stress. [ Conclusion ] The experimental result demonstrate that modifying medium

particle grading and size, based on coarse particle studies, resulting a new volume concentration correction coefficient. This

refinement further improves the yield stress calculation model, enhancing its scientific accuracy and reliability.

Keywords: debris flow; yield stress; particle diameter; grading; shape; influence factors
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Fig. 7 Formula (3) Comparison between calculated and experimental values before and after d, correction
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Fig. 8 Microscopic shapes of medium particles of

0.05~0.005 mm

different lithologies
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Table 3 Measured data of typical debris flow gullies and

back-calculated P, values

, TABUSEEE | I p

] P

W % P /(%) Jg - em™ 7/Pa 0
VU - K 2.7 4.5 2.12 4380 | 0.125
W75 — 577 2.6 5.6 2.16 5371 | 0.127
FER-PNA I 2.5 6.0 2.15 5506 | 0.132

3.2 WiF#R
H BN AR AR R B 2 3K (9) J5 4 21
R 33 7, 55 AR S g SR (BB 7,
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Table 4 Relevant parameters of field debris flow gullies

FoB ICIEZ p/g+em” P, dsy/mm C. ¥ a d X Y C 7,/Pa | 7./Pa
1 BN 2.10 2.5 1.0 1.19 1.20 | 0.87 | 0.13 | 0.78 | 3321 | 4103
2 MR 2.11 2.1 0.98 1.19 1.20 | 0.87 | 0.13 | 0.78 | 3821 | 4506
3 Eapr ] 2.05 0.127 2.0 0.98 | 0.60 | 1.19 1.20 | 0.8 | 0.12 | 0.75 | 2031 | 2276
4 i ge A 2.10 2.0 0.99 1.19 1.20 | 0.93 | 0.07 | 0.78 | 3407 | 4142
5 B 2.15 3.0 0.97 1.18 1.19 | 0.92 | 0.08 | 0.81 | 5495 | 5506
6 KSR 2.09 2.0 0.99 1.19 1.20 0.82 0.18 0.78 | 3383 | 3409
7 SEST 2.11 3.2 0.98 1.18 1.19 | 0.92 | 0.08 | 0.79 | 4087 | 4463
8 EAC 2.12 2.5 0.98 1.18 1.20 | 0.92 | 0.08 | 0.80 | 5029 | 5622
9 £ 0] 2.14 3.5 0.96 1.17 1.18 | 0.85 | 0.15 | 0.81 | 5560 | 6368
10 HEEH 2. 11 3.0 0.97 1.18 1. 19 0.90 0. 10 0.79 | 4145 | 4308
11 AR 2.10 2.5 0.98 1.18 1.20 | 0.83 | 0.17 | 0.79 | 4467 | 4537
12 RilFf 2.04 3.1 0.99 1.18 1.19 0.85 0.15 0.75 | 2029 | 2237
13 L 38 A 2.10 2.3 0.92 1.18 1.19 | 0.91 0.09 | 0.78 | 3627 | 4733
14 FAZERT 2.08 2.5 0.98 1.18 1.20 | 0.75 | 0.25 | 0.78 | 3498 | 3863
15 KEEVH 2.12 0.125 3.0 0.94 | 0.60 | 1.17 1.18 | 0.86 | 0.14 | 0.79 | 4356 | 4380
16 RSy 2.11 3.8 0.92 1.17 1.19 | 0.88 | 0.12 | 0.79 | 3892 | 4418
17 BITR 2.07 3.0 0.99 1.18 1.19 0.85 0.15 0.76 | 2306 | 2815
18 EZN) 2.05 2.0 0.96 1.19 1.20 | 0.82 | 0.18 | 0.76 | 2133 | 2509
19 BEAR 1 2.12 2.1 0.98 1.19 1.20 | 0.75 | 0.25 | 0.80 | 4854 | 5187
20 JEFRFT 2 2.11 3.0 0.98 1.18 1.19 | 0.78 | 0.22 | 0.79 | 3780 | 4307
21 FLELAF 2.11 2.0 0.96 1.19 1.20 | 0.80 | 0.20 | 0.79 | 4030 | 4537
22 AP 2.08 2.3 0.98 1.19 1.20 | 0.8 | 0.15 | 0.78 | 3139 | 3536
23 L EBE 2.12 2.1 0.98 1.19 1.20 0.93 0.07 0. 81 5427 | 5407
24 VU LIF 1 km 2.05 3.0 0.98 1.18 1.19 | 0.87 | 0.13 | 0.76 | 2548 | 6300
25 L] 2.12 8.0 0.93 1.15 1.15 0.87 0.13 0.77 | 3123 | 3366
26 KR 2.17 3.0 0.83 1.15 1.16 | 0.77 | 0.23 | 0.80 | 5953 | 6446
27 JEE T 2.05 4.0 0.97 1.17 1.18 | 0.90 | 0.10 | 0.74 | 1989 | 2367
28 SR 2.19 3.0 0.75 1.13 1.15 | 0.75 | 0.25 | 0.80 | 599 | 6730
29 UiF S| 2.08 6.0 0.99 1.17 1.17 | 0.80 | 0.20 | 0.76 | 2733 | 2981
30 iR 2.03 1.2 0.99 1.21 .22 | 0.78 0.22 | 0.75 | 2320 | 2254
31 E A 2.02 2.1 1. 00 1.19 1.21 0.75 0.25 0.74 | 1782 | 2070
32 K 2.16 0.132 7.0 0.89| 0.60 | 1.14 1.15 | 0.94 | 0.06 | 0.80 | 5396 | 5371
33 LYt 2.09 7.0 0.98 1.16 1.17 0. 80 0.20 0.77 | 3307 | 3318
34 A 2.10 2.0 0. 94 1.18 1.20 | 0.84 | 0.16 | 0.78 | 3798 | 4087
35 KA 2.19 2.5 0.72 1.12 1.15 | 0.74 | 0.26 | 0.80 | 5832 | 6730
36 IhHL R 2.15 7.0 0.89 1. 14 1.15 0.77 0.23 0.78 | 4281 | 4405
37 e 5 7 2.18 12.3 0.95 1. 14 1.15 0.90 0.10 0.80 | 5473 | 6699
38 IRRE 2.15 5.0 0.94 1.16 1.17 | 0.88 | 0.12 | 0.80 | 5431 | 4897
39 HEW 2. 14 7.0 0.94 1.15 1. 16 0.89 0.11 0.79 | 4277 | 4748

AT (W 4) , BARRAENE 9 Bk, SCHR[10]
(A S e A5 AR iy, T SRk [ 8 ] Hp R SRR [ 33 ] AR
PEAEARASTRLTY S5 1) Ji AR S 11585 SE =2 A4
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F 300 Pa B, BRI () J AR A S SOk 8 111
RIS A B o BT 1 Y R T /T 300 Pa B,
BRI (1% Jet ARy g TS A /N T SCHER [ 8 1 v il
i, SublRlmy, SCHR[ 33 ] 0950k 245 R A7 78 Y Jm ik
I KT 800 Pa J&i, i%25 S B ARG H

ARG A AR A 22 S e AR R AR L ORE 1
Jee AR 7 A3 F S A v AR SCRASCRR 8 ] Hp e iR B )
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Fig. 9 Data validation
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Table 5  Error comparison between new and old models

XMW, S/ PBRARR, RENDRARERR M

*6 RAMERNANERESLMNERESIT
Table 6  Error statistics of yield stress model values and

measured values of debris flow

S8 p/ . T/ |Tase/ |Take)/ | BRER | RER
g+cm Pa Pa Pa A/ % B/ %
2.07 310 110 107 64. 4 65.5
- 224 (1100 | 650 | 626 | 40.9 | 43.1
SCHR[ 8]
2.29 1 500 1097 1 055 26.8 29.7
2.39 3 000 2 995 2 871 0.2 4.3
2.20 981 769 689 22.0 30.0
SCHR[33]
2.24 1177 1184 1 056 1.0 10.0

VE: 7, Jo3CHRI8] . SCHRL 33 ] AU (L, B2255 A i B0 £
W 3 B S OR8] L SCHR[ 33 10 BB R 25 Ge it iR 2% B
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TR0 B 3 T S, 15 25t B i LR R A
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PEgeit, N A A T AR R A
397470 AL LA R BUEAN T 1.0~1.717
Al HE— 2T B AN A A Py (ERZR 0. 030~
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0.084, SCHR[33]HY P, {624 0. 092, T8 £ KL B0RL
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HATIRZESITH (WK 6), MWRHATH, FL7E 57 1 iiF
1 km Ab A JRA I, HARZEFR D IKF T 60%, @ik
XTI A Ui 1 AT B 52 A RN BT A B R 6 LG 43 B
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I T/ | Take/ | Take/ | BRER | BRIER
Pa Pa Pa D/ % E/%
L g S 4142 | 3407 | 3374 18 19
i 5506 | 5495 5438 0 1
Eabrat] 2276 | 2031 1997 11 12
L) 4506 | 3821 3752 15 17
Kl 4103 3321 3270 19 20
KLV T 3409 | 3383 | 3330 1
=i SE AT e A i 4463 | 4087 | 4047 8
GEE2L) 5622 | 5029 | 4974 11 12
SRR A 6368 | 5560 | 5452 13 14
HeJe 1 4308 | 4145 | 4092 4 5
A R A T 4537 | 4467 | 4365 2 4
FIEAA 2237 | 2029 1 996 9 11
L3E e A T 4515 3627 3592 20 20
FAGERTIE A T 3863 | 3498 | 3383 9 12
KIE ) 4380 | 4356 4342 0 1
JIUREY SRV 4418 | 3892 | 3811 12 14
RFTRHIE A i 2815 | 2306 | 2267 18 19
R ZF A 2509 | 2133 | 2075 15 17
BB AT 1 5187 | 4854 | 4684 6 10
BEARARAW 2 | 4307 | 3780 | 3680 12 15
B A 4537 | 4030 | 3903 11 14
NTEPFRAR | 3536 3139 3076 11 13
/BB | 5407 | 5427 | 5270 0 3
FPGTEWE 1 km | 6300 | 2548 | 2509 60 60
B Mg 3 366 3123 3 084 7 8
NI S 6446 | 5953 | 5649 8 12
B8 2367 | 1989 1 968 16 17
i 3iRE| 6730 | 5996 | 5583 11 17
kil 2 981 2733 2 692 8 10
G0 2254 | 2320 | 2237 2 1
Ak 2 070 1782 1728 14 17
IhFKif 5371 | 5396 | 5354 0
EL ] 3318 3307 3 260
B 4087 | 3798 | 3697 7 10
KA 6730 | 5832 | 5367 13 20
N R RA] 4405 | 4281 4153 3 6
e 5 78 6699 | 5473 5 441 18 19
Mo 4897 | 5431 5 354 10 9
R 4748 | 4277 | 4230 10 11
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