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Effect of granular shapes on entrainment mechanisms of debris flows: Preliminary

study through physical modeling
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Abstract

Debris flows are phenomena resulting from the movement
of soil, rocks, and sediments on steep slopes. The mass of flows
transports debris along the slope, increasing the flow's force and
impacting structures, property, and living life within the affected
area. Forecasting debris flow dynamics in both spatial and
temporal contexts is challenging due to the complex interactions
between solid and liquid phases during movement. This paper
presents the results of a study on entrainment and depositional
mechanisms using a laboratory-scale flume model. The setup
includes a main flume with an adjustable slope and a secondary
flume with a configurable flat surface. The study investigates the

influence of several variables on the entrainment and
depositional morphology of debris flows, including the shape of
solid materials, the solid-to-liquid ratio, the moisture content of
the mixture, and the presence of a channelized bed. The findings
indicate that mixtures predominantly composed of gravel
significantly affect erosion and transport mechanisms. In contrast,
mixtures with a high sand content did not exhibit clear erosion
behavior. Additionally, mixtures of dry granular materials
combined with water showed more distinct behavior compared
to dry samples. The results from this physical model will be used
to calibrate a numerical model in subsequent research.

Keywords:  debris flows, entrainment, morphology, flume-

physical modeling
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Iua, Fnsindeuiiuazisinszany msiadousuuunaransveasin
Aufisigusauanmeiu msemainnsinawzvesiniuainnisiva
vosiulaaumdenalnnsivay, dugivivernmsiuauvesnisina
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o  w o X % , A % v Aa
dmsunsinwasellavusenaulumedmwndusiaiimdnfduuin
NdA 0.40x0.60 m ANE1 5.40 m IneilYosdmiunTenTan
fMog19uWIn 0.50x0.60x0.40 m LuUTaeeTdIaNIsaUsuldeu
Anudedlaauda 45° Weiliflesnndesinvesiladdunisldauves
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fusrevessraihvaniduuiumaninSeuTeiesen1siafo ui
vasnsinavesiaguarlifinisfaie (non-erodible bed) Lfiada1n
n1sivavesian luraed Nusaasuasdvninuiindanudn
0.08 m WutuRuuasanvinlvausaiansinwiziiiesainnisliua
16 (erodible bed) Hnidgunavinu [14, 16] lefleuiusiatineiniia
P < ° & a P g & a2 v
fuaniumshasanisinanannuuduitu (GUA 2) Medinissudures
AsWInatensensivivesiunauazllldfiansaunsednands
nsgguivihlvilinfundy dalusaginsangluuumsiseadeuly
anuAR (idealized dam break model) #331aasmsilansesnyses
& ' g A4 a v o =
iuegmnduiiasudunsivavenayianssdllna [17-19]
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wuuSsy Orosz et al. [20] ldeBuegustawesTaguiaidinsiieiny
wosluwuituin (surface orientation tensor, SOT) Tngiansanity
AavdiSsuteseunavansmasuildvanuyu (convex) niar
(concave) Fsansnsauandluguvesiifianmesiioanai nituiiious
avduuazheseiuiRmihinnnes fudu SOT asanunsadeuli
agluguves

1
Ji = w%(/l(k)nfk)n;k)) (1)

(k)

nedl k Aedwiudmidiveseunia luvasi 4%, 4. 4% fe

) n®..n® Fannwesdnnnlundasiiniin
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hi
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seduamvna), anudumasy @ngularity, szduuiunane) wazitui
(texture, szﬁua}amﬂ)gﬂﬁ 4 WAMIFIDE1VBINTIATISNA UG
IngrveseymAdegsiugosiildunannisnosiunuo iy ian
ssdilua Tnssaulfsiissyastsuanivszdunnuneruituinves
Yannaaoulusviugana fedumseduieguisesiiegnedildly
nsAnadsannsauandlddeg i 5 enrnununin temary
annsaesuneliinfaniiliasfisussiiuansenudugauiad (© lu
sedufauiuunasauiann (0.4 - 0.8) luafinuidsuwuy (F)

KarANUBEI817 (B) avdaluseaufisnautaliunais (0 - 0.6)

Curvature (1/mm)

Highway No.1081 km 97+225

U 4 dugniivenveseumaiegsiiudesfilinainnisnasivanues
wiwdanssdllva Tuwaniaaimuneiay 1081 ¥any. 410y, 97+325
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@ Coarse aggregate 0.0 ~ L0 Cc=1
A Medium aggregate \ E=0
@ Small aggregate ‘ F=0
02 24 <08
K \
/e ®
/ o
e ‘o <06 a'?o
Ao o o %,
Agg %,
“ a — 0.4 -
Flat:
C=0 08~ T 02
E=0
F=1
1.0 ~ T T 1 1 ™ 0.0
0.0 0.2 0.4 0.6 0.8 1.0 Elongated:
Elongation c=0
E=1
F=0

U 5 uwuam ternary uansenaduanudugnuied () anuiSeuwuy
(F) wagANuIZeI817 (B) v030ymAiugey

Tunsidentaniiudesdnanithunldlumsnageu agviinng
Silfazenmiieanduiiintunarduanuasuiinzmuiufinves
fan Mndufsouliui Tuvasi dui dufunie luniswiey
fregreianndsaninfumnietliauwds insuaumiledli
azdsaniniuthnsoukunsLNTITLIA 19.0 mm (3/47) Taesou
1A Asuumsunssiioanty dmfunsdiifiufas sl udaed
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Traulunmuiiudsesistudefithdunfesdos Ysunannuiu
(water content) Mindulutufufiundandavindu 20 % avldan
1A% e uazenstn WdIM <13UsELM 30 U Ll o7t axsiinTsaLNY
fufindheaiedesiioaunuuuy 3 §7 wdmntuasuvhnsmaaey

A19797 1 ganndunanvesianuarioulurenisfinwaial

gngdIUNEY Yhnamewds|  Uswna
. Futon/N3e/Au Tudunay | Anaduves
Shdn1INAaes . ¥ .
nilen (Cs): 71895719 (W)
(agvmntin) (agunin) (%)
N45/15_ms25-0_Cs100-0 75:25:0 100:0 20
N45/15-ms75-0_Cs100-0 25:75:0 100:0 20
N45/15-ms50-20 Cs75-25 30:50: 20 75:25 20

** Nd5/15 ms50-20 Cs75-25 wu1gds msvnaeunIsinaussuudass (N) i/“/i/i/ﬁ%ﬂ
189 45 °uay 15 ° grednsiduiiugag 30 % n51¢ (ms) 50 % - AUy 20 %
Tnenhimin uasvSunamaudelugaunas (Cs) Ay 75% uasiisnanliviify
25% lneimin

Tumsnwdvdnavesamududuvossu (rainfall intensity)
foiduiladefiddyiidmanengfnssuvesnisivanain degqed
wisnandutanszinetandiauiuani TeRnsannnuiana
99wt sludrunay (solid concentration, Cs) lun1sinsaudiagg
naaeuTansanazgniawmsumudadiitlatiuely Tneshegramn
nmsnadeuazgnimualii 30 ke liasdushegnauimiedegig
ﬁLﬂud'sumamzijﬁamﬁmﬁmaxﬁq Tagfienuvinutiusi (bulk
density) azdAviniu 2,286 kg/m> wag 2,525 kg/m? dusudedis
LLUULLﬁQLLazLLU‘UNauiwiwﬁaal,ﬁml,l,ﬁmazﬁw muddu et 1
LLam@TaaEmsuaaé’miﬁﬁauwamaﬁa@meﬁ@ulm‘uaamiﬁﬂmw%ﬁ
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Tiflwaasuiniusisuazvgad e waznisAuIumIA1AINLE7
AR U VaIN15InaInNnIsREey Na5/15-ms75-0_Cs100-0 Loy
wui funthuesmslvassileynmaveadiomsededvnadnnitlua
nsedanszaetunneusymavesiugesiisivuialugimenauiu
P (U7 6b) leTanluarursessosswinsitunanilaifinisde
11 (non-erodible bed) wazdlufifu (erodible bed) A1L5 s
msaseiinanas

5.00 m/s

4.55m/s

U7 6 fregenslunavesdnunaniagdinuininnismaaey NA5/15-
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Fosmaduiufiumsn
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Erodible zone
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aa da

aunu 3 IR nilanuazBuageanunsatuiinan 3 R veenaumyian
Fuauiu ‘ﬁa;&aﬁlmumnmsaunumgﬂmlﬂﬂiumawaluiﬂsLmim
Autodesk Recap (Student version) wazlusunsy MATLAB d143U
ms”‘;Lﬁmzﬁuazﬁmmmizéfu%y’ummgaLmzﬂ%mm gﬂﬁ 10 WEna
g NN TUTE U UG IINENNSARLIZLAE NI TN 53T
M3NEVIUONTBININAGEY NA5/15-ms50-20_Cs75-25 Tnpiiaedinng
wismsfimsaneenidy 2 dwdednifutuiuiessiahiifinnsin
wzuaraniiduiiuiilumsnewivon Tneflestuiinamney (31J17|"
10a waz 10c) Lazndiann1Iagau (SU‘VI 10b way 10d) feindes
aunu 3 :,m mlw,iwmuwumaamsﬂmemuaummuumwac»msnf,u
esadeusefuituiisesunsitunu (gﬂw 10b ) faviiRnauuans
ﬁamﬁanﬁ’mmw RSBV HUARISDITEVBIRUTIAT IR sam IR
(WuTiATe) wariimsiuauveasnsy (Nuidwaos) lutanounis
VadeUNUINUSIRSTIRldnnTinssimersesdlewns osauny 3
fidanuunnsennafiialasewededieauni Ussana 7-10 %
Ttlonvasdammnnnmstouieneiifssozemeniiinn (1.2
- 2.4 m dwivdwiiduiesuasfuiisesfumsiuon auddu)
urpgnalsiniy Fidanananunsavilmiiaanudnlanalnmsiaeng
wazmsviuanlEFaeunty ;nmsinssinuiUSinamsiawy
USnawiaesaliAUssana 2,200 cm? Tudnvesiuiisesfunmsiua
Ushmdndifinisnesiuandaduituaindesiiuinamadeutuvans
s1ethazdirumunwiniude 0.08 m lnsituiisesiumsiuauasins
nszqnuasaudududuiiuiiduns (ugaeds 0.08 - 0.1 m)
LA¥IINNTILATIERNUINUSUIRSVRINSNBW UAN US IR ana 14l

AUsENN 7,170 cm®
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Erodible zone
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Flow direction 7.

@
g
=
7]
S
=
ol <
af

Erodible zone
of flume

Part B: Erodible zone
of outflow plain

Part B: Erodible zone §
of outflow plain
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