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Calculation model of the long-runout distance of rock avalanche

ZHENG Guang, XU Qiang, PENG Shuang-qi

(State Key Laboratory of Geohazard Prevention and Geoenvironment Protection, Chengdu University of Technology, Chengdu, Sichuan 610059, China)

Abstract: The long-runout distance of rock avalanches is the largest accumulation range that sediment can reach, which has great
significance in disaster warning and risk assessment. This paper describes a calculation model to predict the long-runout distance,
which is of interest in connection with the motion of landslide and mass movement. By summarizing the research results of
long-runout distance of rock avalanches and basing on dimensional analysis, it is considered that the potential energy of rock mass
plays an important role on long-runout, and that the long-runout distance (L) is the function of potential energy. Then, experiments
were performed with 4 different quartz granular materials, and masses of these granular materials with various initial volumes were
released from rest in a chute. The front position of avalanches was recorded. The effect of mass volume(V), the slope angle of
transport zone(q), fragments particle size(d) and maximum vertical travel distance(H) on the long-runout distance(L) were studied.
The calculation model for long-runout distance on potential energy was established by stepwise regression method. The data of 38
landslide-avalanches triggered by the Wenchuan earthquake and other 17 typical landslide rock avalanches that are widely used
internationally were taken to verify the calculation model. The results show that the transport distance calculation model established
by potential energy of rock mass is reliable and that the transport distance calculation model is suitable for rock avalanche disaster
warning and risk assessment in mountainous areas.

Keywords: rock avalanche; long runout distance; calculation model; chute experiment; granular flow; stepwise regression
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Fig.4 Samples of the quartz granular materials
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Table 2 Material constants of quartz granular materials
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d po Po FEEEFC) FEBERHL
/mm  /(g/em’) /(g/cm?) — —

¥iE WdEE BEERE AiEE
1.0 2.719 1.303 44.0 1.4 0.305 0.020
2.5 2.640  1.399 447 1.1 0.331 0.027
5.0 2.630  1.416 454 1.6 0.391 0.051
7.5 2.625 1.379 479 1.7 0.417 0.086
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Fig.5 Photo series of the opening process of the shutter (time intervals between consecutive pictures are 1/18 second)
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Table 3 Coefficients of L-VH trends of data from granular
chute experiments when water content is 10%

REOUR o BRRE 2w, mmm moERM AR

°) /mm
1.0 2.67763  0.25 0.966 89 0.000 191
2.5 3.03559 0.25 0.914 87 0.001 600
N 5.0 3.55591  0.25 0.902 90 0.003 040
7.5 435797 0.25 0.942 79 0.001 990
1.0 337362 0.25 0.932 49 0.001 600
2.5 393436 0.25 0.869 57 0.008 170
20 5.0 449528 0.25 0.87520 0.011 420
7.5 6.25397  0.25 0.858 24 0.024 170
1.0 3.74365 0.25 0.982 14 0.000 522
2.5 548571  0.25 0.863 28 0.017 370
3 5.0 6.69258  0.25 0.923 44 0.008 600
7.5 7.71269  0.25 0.943 40 0.002 620
1.0 521576  0.25 —1.750 03 0.014 290
2.5 6.92058  0.25 0.818 46 0.016 410
0 5.0 7.85323  0.25 0.985 12 0.001 380
7.5 8.91947 0.25 0.961 28 0.003 180
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4.2 Hth s R IE 3 BRI AT IEHNEEESLE 788~10 000 m 2 [f], AF{biEHEk, K
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Table 4 Work sheet for calculating distance using data of landslides triggered by Wenchuan earthquake!”!
WA WBEBIE mAEHEZED) BOKTEZ) EBREE ERXERK ERE iHEEs

W Vi o) PESS Hua/m  PE Load/m B/m Yef% dim a g Lm  OE
1 XK 50000 000 18 1320 4000 300 12.0 5.375 655 272469 0319
2 KEEV 19959 932 10 860 2 000 180 16.8 4.709 580 170469  0.148
3 KEH 16326032 13 880 1900 100 8.4 5.439 884 188335 0.009
4 ZRIE 15000 000 11 640 2400 150 14.8 5.112 638 160034  0.333
5 ZFVE 13410911 17 1040 2700 130 12.0 6.748 385 231912 0.141
6 BT 12 000 000 10 560 1 600 173 18.0 4.876 215 139613 0.127
7 EEA] 7814385 24 930 1350 150 2.0 4.656 346 1359.53  0.007
8 A RYA 7 500 000 13 800 2 640 100 8.0 5355612 1490.55  0.435
9 RV el 5360623 12 650 1500 85 13.0 6.239 948 151605  0.011

10 R s 5338279 17 580 1340 184 13.0 6.195 037 146134 0.091
11 KFiVg 4682742 17 700 1320 140 8.0 5.788 307 138500  0.049
12 AR 4500000 12 650 1 800 128 19.5 6.232 138 144933 0.195
13 WEET 4000000 15 720 1 600 100 10.0 6.346 213 1470.15  0.081
14 KoK 3 145769 17 560 1 400 80 7.0 6.633 860 1359.08  0.029
15 Ky 2839115 16 500 1200 160 18.0 6.891 543 133769  0.115
16 VN 2735439 26 710 1025 110 2.0 5.461 148 114645  0.118
17 i 2567 895 20 620 1200 80 4.5 6.461 639 129073 0.076
18 Kis 2482853 20 480 1000 51 2.0 5.757 191 1069.69  0.070
19 B 5L 2385 499 20 650 1135 60 2.2 5.634 694 111813 0.015
20 HET 1921037 26 640 1200 60 2.0 6.630 117 124151 0.035
21 K 1637197 25 1050 1 650 142 9.8 8.124 263 165427  0.003
22 AN UN 1 541 570 14 330 800 86 8.0 5.913 140 888.05 0.110
23 EEY) 1 469 843 12 260 800 153 13.0 5.170 039 722.86 0.096
24 H A 1387013 11 200 600 96 6.0 4.417 658 570.12 0.050
25 R 1288622 28 580 1000 78 1.5 5.886 051 973.22 0.027
26 YAEI 920 924 28 460 860 60 1.0 5.622 593 806.64 0.062
27 TKIEW 919717 15 320 800 100 7.0 5.661 689 741.56 0.073
28 MR H 856 882 17 400 880 60 5.9 6.886 333 936.99 0.065
29 JER LT 855159 31 395 740 140 3.0 6.605 543 895.51 0.210
30 mTE 823 909 26 390 800 44 1.0 5.865 366 785.29 0.018
31 ERRL) 818816 15 295 670 55 4.0 5.731361 714.51 0.066
32 B 704 840 16 280 700 40 3.0 6.052 952 717.43 0.025
33 T 615 400 18 240 600 50 2.0 5.375 655 592.62 0.012
34 Frul 2# 565 535 22 500 740 50 2.0 6.207 111 804.91 0.088
35 FLRi L 562 808 18 250 620 65 5.0 6.626 898 721.75 0.164
36 ARLLEE 543718 20 420 970 50 5.4 7.961 577 978.71 0.009
37 KEE L 515331 29 365 640 110 1.5 5.419 757 634.71 0.008

38 MR 2# 400 724 16 240 580 82 7.0 6.308 972 624.77 0.077




4904 == S s - - 2019 4E
4500 FER T

N Pl O RV L 5B Lunan 0T LEFE o T DL

E 3000 B, BAEE RS Z EY, HEIREN

5 2 0.4%; IR BS 50 /IN K2 50 40708 EL A 1 55

dol JE, TSR 2.3%. RER KM A

® oo 39 BlackHawk YR Silver Reef i, 7185354
5? B WA 41.5%F0 23.1%.

0 500100015002 0002 5003 0003 5004 0004 500
HSLIZENEE RS Lnax / m
B8 IIMBERBBREINEETHESAIE L
EHSLIEFEER Lmax HIELE
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Table 5 Work sheet for calculating distance using data of several typical rock landslides
V) WEE RKAKEH BAOKF EEBEE ERX g iz
T W AAFR, A m%ﬁ W SR i W BRI %ﬁ; B R HAm R IE
BIC) Hmax /M Lmax/m  B/m  4dm L/m
1 Elm, 1881 10.00 415 600 2300 240 45 8170600 2274.01 0.011 Hsu (")
2 Frank, 1903 36.50 42.0 800 3290 1320 200 7721019 3191.69 0.030 Cruden 251211
3 Stalk Lakes, unk. 53.00 30.0 700 3000 640 180  7.018747 308037 0.027 Nicoletti 2221
4 Costantino, 1973 20.00 25.0 940 2240 470 140  6.208884 2299.07 0.026 Nicoletti 2221
5  Madison Canyon, 1959  28.00 30.0 430 1680 830 8.0 4982345 165041 0.018 Nicoletti 2221
6  Monte Zandilia, 1987 40.00 35.0 1390 3950 750 250  8.417263 4087.33 0.035 Nicoletti 2221
7 L8V, 1991 15.00 38.0 960 3650 130 7.0 10549310 365439  0.001 B K 2523
8 JEYRIA, 1965 214.00 47.0 1770 6530 580 8.0  8.408508 6596.53 0.010 A0 2523
9 KFE, 2010 2.00 35.0 420 1500 114 45 8885219 1512.65 0.008 X% 24
10 55, 2000 300.00 30.0 3350 10 000 490 420 10.025980 1003849  0.004 VRomes)
11 P, 1989 1.00 36.0 500 1500 90 50 10.156520 151876 0.013 B KR
12 B, 2013 0.40 25.0 300 800 110 7.0 7916069 82852  0.036 JRK -0
13 HrEEFT, 2017 4.50 31.0 1094 2572 470 400 10270190 272042 0.058 GRS
14 WERS, 2017 0.49 27.0 267 788 220 100  7.536231  805.99 0.023 AL
15 Hope, 1965 47.00 30.0 1220 2 800 1100 250 590189 2888.06 0.031 Nicoletti 2221
16 Silver Reef, unk. 227.00 45.0 760 6670 1488 200 7963366 513224 0231 Shrevell%
17 Blackhawk, unk. 283.00 45.0 1100 9 860 1640 200  7.719329 5766.00 0.415 Shrevell%
FE: unk SN AR .
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Fig.9 Comparison between calculated values L and existing
actual L. values of several landslides around the world
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