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Abstract
Introduction: It is important‘o investigate the conditions and
dimensions of the wave re e fall of the soil and rock
mass, which creates large waves,with large amplitudes on the water
level of reservoirs and dams. Th e, in the present research, the
experimental investigation o ave resulting from the fall of the
solid mass inside th
Methods: A cylindri
from a sloping s ce wi

le with three models falling into water
an angle of 27.7 degrees and three
nd 55 cm was considered for wave

ined®surface at the corner of the reservoir was
ferenirom previous laboratory studies. In order
fec®of changing the mass size on the wave
e composition and the number of different

s: COnsidering that the wave resulting from the falling mass
reservoir changes under the influence of the presence of the
d the return wave, the results showed that the placement of
ing slope in the corner of the reservoir causes irregular
waves, and the increase in the density of the sliding mass causes an
increase in the length, amplitude, and energy of the wave. On the
other hand, in a constant mass density, the model in which the
cylindrical sliding masses slide parallel and without distance
together (model 3) has the maximum wave height and amplitude due
to the greater contact surface of the sliding mass with the water
surface. In addition, the results showed that increasing the depth of
the reservoir from 35 to 55 cm increases the characteristics of the
wave, including the amplitude, length, and energy of the wave, but it
does not have a significant effect on the maximum fluctuation of the
free water surface.

Impulsive waves caused by landslides in dam reservoirs can pose a
serious threat to damaged dam bodies. The current research model
may be effective for predicting the consequences of these types of
waves and reducing the risks caused by them around the world.



Extended Abstract

Introduction

The risk of landslides in water structures
and dams is significant due to the direct and
indirect effects of water on the occurrence of
landslides. When granular or solid materials
slide into a body of water such as a reservoir,
lake, or sea, mass momentum is transferred
to the water mass, creating waves with large
amplitudes. This phenomenon is known as
an impulsive wave in a reservoir or lake or
as a landslide tsunami in the ocean and sea.
Due to the many parameters affecting the
characteristics of the wave and the
complexity of the problem, there is a need
for extensive investigations in this field. In
the present research, the waves created by
landslides in the reservoirs of dams and the
characteristics of the waves createdyin the
dam reservoir, such as the length of the wave
and the directions of wave propagation, are
investigated.

Materials and Methods S

Experiments were carried outilin a
rectangular double*wall laminated Yglass
flume with a width of 4"m, a length 0f/10 m,
and a depth ofWl.2,m jn the hydraulic
laboratory of the Islamii@®Azad University,
Najaf Abadybranchy Water was used as the
fluid in the eXperiments, and its depth was
considered to be 0.35, 0.45, and 0.55 m.
Cylindrical\concrete blocks with 0.20 m in
height and’ 0.1 m in diameter and an
approximate weight of 3800 gr were used to
simulate the mass falling into the reservoir.
The inclined angle of the sliding wall is 27.7
degrees, which is considered on the left side
of the flume in the direction of the mass slide.
To record the events, a professional camera
with the ability to take photos at 30 frames
per second was used. Also, at lengths of 1.5,
3,4.5,6,and 7.5 m from the inclined surface,
water level profile recording sites were
selected at different times. For each model, 5

seconds, which included 20 frames, were
photographed, and Get Data software was
used to collect data from the recorded
images of the experiments. Next, with the
help of image processing, all the data from
the present research was extracted. In this
research, the piles were droppedhinto the
reservoir at depths of 35,5, and 55 cm in
three parallel pairs (modehd)\two parallel
pairs with' spacing”~{fmodel 2)) afd four
parallel pairs (model 3).

Findingsand Discussion

Examihing thelesilts showed that the type
of mass sliding modé&lin the reservoir and
its density/are effective, and the results of
models (3} and (2) compared to model (1)
have\created a higher wave amplitude and
wave ‘height. Based on the results of the
wave profile against different locations at a
depth®of 35 cm, the maximum amplitude of
the wave created at a height of 4.3 cm in the
model (3) happened in 2 seconds. The
comparison of the results between the
models for the depth of 45 cm of the water
reservoir also showed that the wave
amplitude of model (3) is 4.43 cm. By
increasing the water depth to 55 cm, it was
observed that the maximum wave amplitude
occurred in model (3), and the time was 4
seconds, which was the highest value among
the models at 5.65 cm. In general, the type of
arrangement of these models, which
includes parallelism, the effect of the
sequence of the masses, and the distance
between the masses, can be considered the
main reason for this result. Examining the
results of the wave profile against different
times showed that the maximum amplitude
of the wave created for the depths of 35, 45,
and 55 cm of the reservoir, the values of the
maximum amplitude of the wave, and the
fluctuating height of the free water surface
for these depths occurred in a model (3).
Considering that the mass density in models
(2) and (3) is equal to or higher than that in



Abedi Sarvestani et al)

model (1), with the increase in the density of
the sliding mass, its gravitational force also
increases. Also, with the increase in water
depth, even though the fluctuating height of
the water increases when the mass hits the
reservoir of the dam, this increase cannot be
considered. In model (3), compared to model
(2), the contact surface that has a sliding
mass inside the reservoir causes the
maximum height of the free water surface in
the initial areas to be associated with high
intensity and high power, and the maximum
values of the produced waves can be
observed in this model.

Conclusion

The results showed that in all three depths
of the reservoir, the increase in the density
of the sliding mass increases the height of
the wave, and with a constant density of the
mass, the arrangement and placement of the
cylindrical masses parallel to each other
without a gap creates the highest wave
height and energy in the reservoir. This is
due to the increased contact surface of the
sliding model with the water surface in the
parallel model. Also, the investigations
showed that increasing the depth ‘ef the
reservoir from 35 cm to 55 cm had little
effect on the increase in the height of t
water level, and the increase

Ethical Consigerati
with ethical gyflelige

Fund@

No funding.

Authors' contributions

Design and conceptualization: Ahmad
Abedi-Sarvestani, Naser Ezatti-Sarvari.
Methodology and data analysis: Ahmad
Abedi-Sarvestani, Naser Ezatti-Sarvari,
Gholam-Hossein Abdollahzadeh.
Supervision and final writing: Ahmad Abedi-
Sarvestani.

Water Resources Engineering Journal. 2021; 12 (46): 1-12

Conflicts of interest
The authors declared no conflict of interest.

‘a .)bp



Water Conflict and Its Management Strategies Among Users of Shared Water Wells: The Case Study of...

9 3 Jlo

GRS T (300 43 (b330 gW0dg5 dansgd 8 Slry] gl (225 aslllas

¥ ool G LT doswo ¢ s daswo ¢ (£59Y3 lusl O pa buads 3ol el

IFAV/NY /¢ il s g ,b
‘\ww~ VYD 15,905 g,
VYRR EIFY iy g,

3L cslodials b S5 ool K 5 S5 035 iy 1 3 0 ol zrga Slad 5 Lasl s uny
290 7 o 4 pOl 35 0 bl 1l Cuenl Pl S o Sl s 5 350 O

ot 5 oSl sl 395 ol 5l
25 ool M &9 4 o

Jd STl gge g laojlg s 8l s jse o 035
99,50 2glitel zgo bl canw (e 435531503
w395 ol J8s G 3 Bk Jl3gde 5o 3l g
Je) S (o My 530 o JUST 53 alols 9 5 55
ol osde ol iy 2 RS 5 iyl o)l o

- DOI:
0 ol 2 slansy of 2 oo 10.30495/wej.2021.20612.2126
B3 035 iy el o o 4 (Y

[ )'l e Bes uigl)'él as ol oU:J @L.:

sbaiy vl 03 2 oy O b & Glays Glagge 15 S Aol

s ol (e pols Gadios Jae S dnlge (g eg b 1) Lo oyd o]
AL Sge olaa el 3 o J) b Sllas (1alS g gl

&9 ol slasely

Water Resources Engineering Journal. 2021; 12 (46):1-12



o wdiz3l SaSsh oy gl 4 e )3 0ad sbom glgel
5550 by g 534 WS a3 Sy 00 3 oS
Cute zgo aiold yiSlis ol dtuwnly 2948 sSsl aol 5y
48 o)l adgl o s 4y 5 B3 () P 4 sud Sty
Gy i glayldges g amd o L 1y s ald g SO
2 (V) M ot 5 pgizms dx ot Ly gty B3
P O ey by 01 15 glgsl 86 (e5S o (cladllas
b as sls oW 5 A pbol gam 99 (8 Jde b s O
S o Sleen il ol L Jte ol (295
Colo )> (53] (pej Loy 00d W Zge (ol dw (Gludnnd
eyl oSl oS aad o s o Jao cpl 5l edliiwl b oglads s
Jws u)Lm > ).S]b 9 )ZAT\/Y T9o ul.:)J ).Slb ‘):AY'\ T9
S5 4S5yl gy el pl (ol by A5 390 cxSo yio Aeeee
b ol ojles po ol ogde 358 O 3)8 « oliwg) b (gjpolisS
o 5l 8 ekizi 0355 (S0 50 oS aledl ey 4 ¢ Sgyun
S 1538 (1) 555 )5 335 g0 035 3055 g Lo 255
9y » e yishl (3 e 86 Slarps gl
o o)l (pl s 532903 0)L81 (2534 0395 CapaBige  JSS (33
oS e (3 03 adgl Cusdge g (o554 b
5 (e 0 dSh (daw glgel duwlxe d‘ s il
3 &S Wdges el Wl 5l iU Ol zge el TS Tus Y
L (A) w3905 )] zge )] S Sy sl

Aols yioljel a8 e o i ¥ Ggels e 29
b g (oo slid nt Wialydl 4 '
Sl Lid Ll & CA...:‘:.\‘B
o9 &y &S e
’)‘ 99 Jsb @ 4~°‘> ilen du
b s U9y 3l odlisl b Gas o5 Ol 53 33
&l 5l o 2lie Jooo g o5 (ppiomen Cal Sl 8
g 3 ool glgel (sly LIWSWT (o33 Jao 4 ly )Lis sasie

ooy 3l (86 glgel o

Sla (V) caml oYL s () Gos oS sla Ol > 554
@b gaw 5 ) 1 Ssl 3 ©yg0a (22T iy
oo 5l ke ond sbol e gl &S cuni] I Sl 5 Ol 3
o5 095 Sl 5 Ol adg) Bas ST g3 4 0355 (354 e g
O 3 3 (e bawgi 008 Mg (sl glgal (251 (F) s
2905 (S Smd (9308 Ojg0dy (45 5 Jlad ) @Blg)yges s

" Landslide-Induced Waves in Shallow Water

dosdo
4 Byde 3blis g oyl Sliwass gble )3 sses @l )bl 5l (S
o) 0py & b (laolubl gl ggdy ( Jlyee slaojle
S92 SB L (S 035 S5 &8 oK 2Blg 5> il o b 558
T O ome) hleie S A ggpd 00 Canw 035 S
WU cde @ baw g o baoslo 5 o33 ey sl a3
b5 Cunnl 553 (e) 589 10 Gl jeds muline i 5 aiase
e J & Ko Jsb & dels L dl&;lﬁn S 5l

TS o'w». oy oe.‘ -»‘5@ by
owej ol b
Olyed zse &9 ool -

0 4 9La>.\~» pnSS Aile (s
O3t ) Slays glgel el lasely ol
L o @du AB gl Wlg e law

P e il SUbs jlaw dw G4 (pixen
L5 b (alg (0555 oS o algus Sl cal b E)
S8 pizead (YY) Ad (6,20 OVY £l )l 4 yoxio el
sy glael g3 5 VASY Lo, Wl 5 &8 Teusly s
©gb dgie 9 <8y St Iyt Vel Gl e (35 )3 0
Ol polpo > Ldlagy cpl o8y (VANFND) a5 Vove g0
b 5 )3 0ad sl (03 (e 5l (6 Slarps gl dlins
B o8 g JB oo 0 Wlgicn G353 ey Lawgi 0 2y
i il adol pa cl clale 5 JUK dwiia sla S
o) Sl allan sl (shlindlo 4B o &y Floulons 5 25
oon ATY) Sl ead wdS I 4 edomy b slaslug)
Nasa-Vof2D (caw 93 Suelindgyiun aclip b (3ae 5 alKilo]
& gdmgd e pue K lawg odd 2wl e g Zlsel (g9 5
& Cunn) I S 0 e anpn O Jbowd doie S
b (S35 jla Bollad (o330 () L odddnlne 290 sla g
s o3 o s &y dims e (i Al] (sl s
88 slotends |y o Bl 5 ol (5305 gy &S a0 ¢ 3]
ul.uu uT J>|.) 4 Ls‘&bl.) o.—\i}:'r.] 0393 )I uaub Clyol = (\\c)
&S g0 syl b 3o JB0 ay 033 0398 paee (lise 48T S0 o
G5 e b V1) 3l aitne LS| g (Ssly olos oo Mg
a5 A5 asude (yie ;0 I b o)led SO (go,y (Sal gl Sob

' Lituya
"Vajont

Water Resources Engineering Journal. 2021; 12 (46): 1-12 I



f? 0)‘“’3 oWD)sé o‘f" gm

L sdg; 9 dlge
ool sl pols 51 estto Sl 5l Ll lidos > &S el
sy L5 lalllas 35 s L5397 05 ploss] (S slasl 13 lnyiglo]
(T 1) cunl 039y oV o5 sl (o) b Ly G 33 9o <8 >
o> 2 Jolb zge 2 Sl g bojles il zge SUSL ISl J> &
ORIl e Sl 35 adllas )3 pslaie (p yobxe 5 Jilie
s o plod )3 oo S 4 e oS O e ST olel
5o syl pp lp w0l Giios slagilef] b 4B S
ol GBS, bl e JB15 5 0355 bsis bawgi o olx]
olings (chitnd poli Sy 3 bl Whis b Ll
WY Boe g 30 Ve sk e ¥ (0050 b IS8 (aituns 0]
el sblcass sy oMl Sl ol Sgyiun oRilojl ;5 2o
() JSi8) a5

- - L]

g 10,000
s INSIDE GLASS

N4
BOX 80*40mm
PLAN

0250

[ A

@0 REDMINOTE 95 ...!.«‘ %
OO Al QUAD CAMERA

ol 1y L 5 Jocd o Sl 5 O - S
rob s 2BLLej)

o an 9 GPpneal Sl 0 Sk el (les
b as adlo 5 (ohb lid Oppod zge Sllog jsdd
Sin Slalllas g pils s > balnd cudldy (gliwly ;5 dga0re
4 laidyge 0398 (53] Al § Al S (iren 2K Ojg0
Td 5 29b Cud dwyd 4 ok Dbl slas glsel g ol Jsbs
G podls wlo ikl cla wSe s ooy 1 6y ISl
5o B 3 5 00l b d b b Sl pals o S, 03,55

S Lok 33) Blge 3)95 5 4o 13 (650 VIO gl rps 9o Sy &S
dolo 4 4l YY/Y 10 zao e oo Sbul asli p e VF/Y ce yu b
b zge JUiml b sy oo 0 YAA &0 by i) g sy oo Jilio
W) s Ay Cunns 4 (0 )0 Al e WE ey (1 S0bo
335yt dus 4y 4B V00 53 0 VIV glis)| 4y (290 5 b oo 108
Yol 1 ookl b ol plol oy liel Julod g 4 jo0 .08 o
2 ) (So o Gglis ¢ 2Ll Jre slacigesl g 225
ool i) 4 sl ol s gl ) o] s amd o L
oS Sl (025 sl (Bg) 50 p S 2 £ J Jes g5
S 090 GBI P Cpu g 02 YR (05

030 Ol5 i ) (2
L olyon Boussinesq
Q

Ol S o5 w3 pn (LS (g jlodends S (piomen )38 o il
5 AR ool | 5405 gl obige <l I 5V Il L agel
4 1y o Gl (YL jlad 5 dad o e gl & 5y Cas g
(VY) 205 ol yor

3 o ssbonen 5 G5 ej il 0ad sl glgel oy SeS &
sl p3Y (Sl 93900 b g o s 0)ls2a b ol b ladl 5,8 51
o b by Jilis a1, o3l Sllucs 5 5, YU 1, Lol L allia
Sy ey JB Ol & 405 jasuie Guod iy
2ok 4 dus (e 53 (B3 s 51 (63U Ol el ge sl )y
Slasuin p 550 ddsie (gl ol )b dds g3l .l 0l plos] S84
Sy dsej cnl 3 0318 Sl oy & Jl5 Al (Shxn 5 29
015 dloxy) lgel (AElol gy r 4yl (34805 5 calpliy )
0x 3l zge Sl Sy 9 b (il )3 0355 (B34 (e g
zoe 35l g Job el Joldb zge Clasuin plai dw (35 5
@ ildde 4 plgie GioS Sl yly | ede
by alen Sge 5y & Cul (Sen b 3 &5 (alS
slaodgs (392 abols o 5 b (392 (Slge) 4Bl B3 0395 (1395
3 yiaS eSt a8 T wglite slasl 1o oy35te S5 4 (sl
A5 gyt 355 S B oo 390 oL Sllllas



| begbpeghge | 15 3Lzl 3,90 Jlews i ST 5 b s YU STy 0
a3 a3 ) ye <[00 5 +/FO /YD )] Ges g odlitul b yiles]
Sl Jl e B 4 (i) 0395 (ludnd Car S
O3y 4 ke N Jlad g iyl yie /Y Sl b gy S5 (sl
Sloylgan L8 clidss o (Y JSK5) ab edlatwl p)8 YA« o8
o5 S el S S0 5 e JSh (oo (slaS
odlatwl glalginl sSsl il il sdns o Lol £ 0 odlitul

wen|

2m < -
CETE T g 3 0395 (ki oaslile il 3sS gyglyi p opdle b ad
S0 B33 0357 5 e gl Sl Sled 5 (Bly slos Y JSS ey 8 o (23330 sz gl (VT 395 s fond
ol G 53 ooli Fo Y B 2 58 o U Cae pold cang

Pl ol o )8 (ilol 5 29y S5l by e 5
Jsl Otalef] 0 43,5 000 g1 00 oy S'shy yo (el taloil e
35 9o SWojlul Cunth 5 sl ps 50 gl 2ol Cambye e Sl
e s g 851 Cad & | 9y lsel €051 S0 slagstales] 5
I o b cadlaaly g a5 ke plgiea bl Sile
sxSoill g Job plsier Jol gge S 93 o dhols e sl
12 25l g0 4 alols dulio b (gl s 6 (sloalue 1

Iy &S A5 yasuice &55090}1 bl

ron g (S sk cal ol
O e CSp pglai > eadodblis il Jloj slaejl J 35 IO ela e lsicdy ocad pdaw 5l (550 VIO
» laodg & Juo i lagilof] plonl sl A5 aule soyn G JS5) b Dbl il Jloj (slaml >
9% «silye cain ol W Jao b a5 jlas )3 cilises glaglors Gyt s A5 sl o wpd Vo Jold 45 4l
S8 53 3905 0,1 (o553) 0395 (5 Jl3e b)laz 9 Abolil (slge i U ey 5l btalesl 0ad s polas jl bgype (slaosls

pyad (il Gl SKaS 4 daldl jd ab salatl
=l e Sy g dulis (gl uored Cuwl s &) onis
s O S s bl b 5 i) Slyess o 13
Je

ol 4l (gl piorod Wb gl ySil il aiod slaosly oles
S L] (S 098 o heya slps gge slajiall
Ay PB4 g iolojl 5o Sladl las B s )LS5 5L i

5 YO 0 sl Bas jdlis U S lwg

b oS e Bl Ve g Ve Ve Cuiy @ g

Lodgi (wiid) (gl 00w 1k sl lw Oladuin - Jous

b gl .
ol - 0395 (53905 dlold
(cm) ot (m) o o 5 e Joo
(4 ))
7.6 2419 Silye 1
35,45 and Silgo i b 4>
! 7° 1.05 2
e 27.7 152 2419 bl
152 2419 Silse bl 3

Water Resources Engineering Journal. 2021; 12 (46): 1-12 I



Ol)SKed 5 Gl o (gle

(V) Jso 5 (1) Jao lis 5 casl JIS,86 o J2 5 150 3 039
2 sl 03503 ol (Vb zge £l g zge aiels (V) o & Capns
g odg Jlgi 3l (o9 (slge Jolis &5 e ool i 29 &8l
&y el dom5 gl ol o e |y Celiodgs lso aluols
o JS1 oy (1 Jaa) 58 lSim laesgs ot soe S oo
Aolily (silge s b g3 el & capm |y oVl g dial camo
s ol 53 5 ol et i s 5 o el (1 )
33l o logs glis)) 53 (s e 56 Ol Gos aljil &5
weld g zge Jobo &5 A5 aseie gge 3l (o 2y90 3 Lol B3l
I3 polis oy ) (psllae 5 zse 51 o &5 5 290
31 o sl e slila yio b B0 4 yze ke YO 5l Ol Ges
Bas b oy 50 Ol 31l e by 6l ) &S 15 g las] o
Oil33l ye il YOOI e 4y Coms o> F/TY (jio Sl 0O
Sl o 390 ol e ) S ool e i i
4l )0 ol S5 aw 35 0 b Jae oled 0id dbx| Zlgel
Slastle (o) g M (o S yia sl Foe I o xS S
Sglite slaJae cos Ol oljl maw cllug glis) Shs Sl
odalin pols a5 sloJdo (b (g5l Cgls a5 dad o L
5 ¥ lacl b e sl T oVl (eloplisy) 51 Jlo ol b o
does cpl g989 Judd 0l &) Lo olal edgaoce j3 (4 o il OO
J odlisl g5 5 e Gl Sl b 035 3,65 0956 4 olgiee Iy

Caa dw e jl lddeS pols gaics o &S b
Ol lil) 2 ogdle (B34 0395 5 00 U‘-"!*)’J

SIYY0 0dg050 J,‘,
s ol £l 5 aogilie 31 6 o8l FIV/D

Cusgy g585 4 S]]

—e— M1, t=1s M1,t=2s —+—M1,t=3s
—+— ML, t=4s —»— ML, t=5s

28
27 hy=35cm

26 1
S5 ]
L -
L4 ¥

23 1
22

0 100 200 300 400 500 600
X (cm)

=W
L ges gl5la o 351 s Cllwes g, S Tas
O3 Job

oo iy wiles (Jelos Sl )3 dw (e J315 13 (sl glgel
Lo 195 o (sl pd glgel cnl B9 0 Sl 23 (e
Sl zlgal gl a8 olaMaw ;> 4 0 dw (350 Ol prdaw )
s o el § A8 o0 ygue dw g1 51,389y ©yg0t Gl 9,
oop W g8 0 Cundiml 3 phliplye ooladl 5 elol
A g j5e J3I5 4 (553 (slaodgs Lo Jloinl sl Jse
3 e il loj g o Jobo olyan W os sl zse ¢l
dw 0 Lodg 585 pl ) Cuwl gadse oyl
(V Jio) kol L (glge i U 93 )
00 5 ¥O XD 3

sl s b . du*w; g Sl sl o
S ] e )1 J2e zoe e8] dindy polie pols i

5 oplal 0 a8 ) 5las 3 zge alals liees Jols 5 0
5L i o B oo 3 45 5 o 1) > 5
Ll GOl asl )0 (¥) Jae po e Slo /Y glas) 4 osds sl

e yio e YO Ges slp e le puls dulis
QULu"gL&J)I PV wyp 0590 a5l O olod pd (V) Jso oS ol
2y 2l YV - lisy) & g Jie ol 3yl |y o 3] el
Ol 3Ll e Sl $IFY 55 Jde () zse dleld g 3503 2] ¥
2 9o Ay ySlis Wb saalie 55 e e 00 i)l 4 Ol Gas
O 3 |y sl (pyidin & Camgn g8y 4 4l ¥ loj 9 ¥ s
O Ges open pd b opl bucasls jro sl /50 palie 4 o Jas
4 oy e I 4 4tV b gloj 3 (V) Jae oyja
@ 53 gaw 1 gt il Yo e s 53 (e 3l YANY )|
O35 Jhe £ oS w3 oo LS gl (g (IS sk 4 il 8

—e— M2, t=1s —=—M2,t=2s —+—M2,t=35s
—a—M2,t=4s M2,t=5s
28
27 hy=35cm
‘=26 - /g
‘8’25 N \W
%) M&‘
Lo 24 T \
23 T
22 + + + + +
0 100 200 300 400 500 600
X (cm)

VAT (EE) Y 1 Fe v .ol qlio wiiee suidgiy — ol doliluad



Ao bl 13 3l i s (415 59UisS axdllae 5590 1S yinio O (gWoly 31 B AT oIWM! ot 13 o Cupre (3 a9 O SLS

—e M3, t=s1s —=—M3,t=2s —— M3,t=3s —e— M1, t=15s M1,t=2s —— M1, t=3s
—a— M3, t=4s M3, t=5s —+—M1,t=4s —+— ML, t=5s
28 28
27 1 h=35 cm 27 + hy=45 cm
26 A T26 ¢
S5l S5
B B
L 24 T l‘\ LL 24
23 1 = 23
22 + + + + + 22 4 + + + + +
0 100 200 300 400 500 600 0 100 200 300 400 500 600
X (cm) X (cm)
—e—M2,t=1s —=—M2,t=2s —+— M2,t=3s e M3, t=1s —=— M3,t=2s —+— M3,t=3s
—a—M2,t=4s —*— M2,t=55s —a— M3, t=4s M3, t=5s
28
27 ¢ hy=45 cm
26
=95 1
w ]
& 24 + —a—
23 4
22 + + + + + 22 + + + + + +
0 100 200 300 400 500 600 0 100 200 300 400 500 600
X (cm) X (cm)
—e— M1, t=1s M1,t=2s ——M1,t=3s —o—M2,t=1s —8—M2,t=2s —+—M2,t=35s

—a+— M1, t=4s

—»—MIL,t=5s

—a— M2, t=4s

——M2,t=55s

—&— M3, t=1s —=—M3,t=25s —+—M3,t=35s
—a— M3, t=4s M3, t=5s
28
27 h0:55 cm
~26 + \\
Wy wae
‘ o3 4
22 T
21 + + + + +
0 100 200 300 400 500 600
X (cm)

N ol sl lisen (sla Jgo w15 (5500 glito sl Bas sl o] S]] s i) dwlin ¥ IS5

9 > 555 Egeome 45 9o (55 dnalme sl pSls 3 )
(5) a5 ookl 5 abaly 5l el o Juunils

)

Jﬁ"? 22 sy b Ll (6 yrdin Z9 ,_55')3\ L;I)b 13 el (6 yrin
S5 iy pols Baind gla b e 3 45 Ly e
Gos 5> JgishS YIYOA ply o e o ¥ Juo 4y bgio 50

E

1

= pgH’L
8

QL g ol pogase p2 P gse po 51 5 EL VL dady
5o S35l plie sl goe Job L g zge el H ej (31,5
ol 005 1) Jgio > e O slagges il Jao pn 5
5 Josbo oyl Bos (Rl L 45 395 00 odalie Joi> sillas
ol 5 b @9e 5551 & bl Jl ke Sl 5 e aleld
zoe dold (gl 505 Jdo 93y ;3 ¥ o g9 000y zae diald pgd

VAT HFE) 1Y SV F e v Ol qilie wiigee suidgi — ol doliliad



Ol)SKed 5 Gl o (gle

Jde 52 81y Ege Job g aheld (55,5 P81 gl Y Jgaa

h0=55 cm ho=45 cm ho=35 cm O oS
<5 aely Job &3 asely Jsk 3 by Jsb
e zse zse T T T zs zs zs Jae
(ki) (m) (m) (ki) (m) (m) (ki) (m) (m)
2.0263 0.0271 2.25 1.449 0.0251 1.875 1/051 0.0239 15 Model 1
12.886 0.0558 3.375 5.063 0.0371 3 1.967 0.0267 2.25 Model 2
13.258 0.0565 3.375 7.989 0.0466 3 2.897 0.03 2.625 Model 3
e

S0 958 2 98 ol e g 0357 JB (595 (Rl b a8 (e Iy
Sl ) 5 Jgb 5 o ol 035 s o]
O es GBI L wismen gd e Jdo 93 oyl > o Sljl e
Oil38l dw (55w 4y 0395 )95 p K o Slwg gl aulogaols
o IS s &y MR s o 8 a3l ol Wl sl o
Al o I3l S0 gy 2 ks B 5B e 4
Jde om0 syt Bl YO Ol Gas b (V) Jao p3 95,08
4] il b oo 138l oy FIY (g e Bl DO Ges L (V)

S e ¥ Jels 4l S,
u] J‘)T@QM&LO.»)I ﬁb‘.&n DMDOLJIJ
. ’ . o cBdlie cov oy o34 1 p s
bl tabe Gl31 65l JWl o 0l adgl Bas Sl38l L P
Spo o g 5 ol So8 a2 g 4 o] @b
B3g03 w0l g olo 35 (A pulline |y ggdge cnl & dge5 LS \
X0 e O glasl b (V) Jo 55 owimen (Aksen, 2022) iy
P ey a ol Ol mbw gli) s (g ye ke Yo
dlﬁBMoMLfm )lbwcjaw)l Sy Vo 9;’;\/& (S
2 b ol g yia 3lo 00 5 ¥O X0 O Gosgh o350 L (¥
fSRILY ]99‘1“’ Jdews C‘L"‘" 5l Sy ¥/ 9 V/&\/C)
0355 93 slady (gilge (sliwly G y3 035 Hlex 3l ook

¥) s 5 el Bed aw jl g VIO
o o s sy Ol O] pdaw by glisy) Sl
1 ) Sglite elaJgb o ] lite 3losl (gljla;

3 005 Bbyl zge daly Slas a8 ol ol

» ‘e sio Sl OV Hlade 4y (V) Jdo (sly sio il YO os

ySTas bk 5|l o il Y140 4l lade (V) Jde (sl a5 Jls
B JRr o el Y0 Ges ln Ol daw Glugi 165
OLS 36 eyl B0 5 YO slagges sy @l S ) (V)
Sl Ol waw Sl gl g zge ately yiSlas polie a5 sl
B3 slaodg ()39 slge ST B &) (V) Jie )3 lages (ol
Sllog copl Comed Caud dopiie diolil odg  Jlgsdy o
O & yia il 00 ¢ ¥O XD slages sy Ol ol aw Sl
4] apda g5l ol ) 4B ¥ 5 YIVO /YO lagle) 3 cuiy 4
o (1) i 1 o (1) 5 (V) sl S 5 Lnoss IS
G953 01 B s st 95 IS Sl s o

—e— M2, x=15m —e— M2, x=3m
—e— M2, x=4.5m —e— M2, x=6m
—e— M2, x=75m

3
Time (s)

i VoV H(FF) AT O F oo ol @ilio owiigeo g — sols doliuad



Ao bl 13 3l i s (415 59UisS axdllae 5590 1S yinio O (gWoly 31 B AT oIWM! ot 13 o Cupre (3 a9 O SLS

M3, x=1.5m M3, x=3 m
—— M3, x=4.5m —+— M3, x=6m
M3, x=7.5m
30
- Jr h,=35 cm
f’, 26 *:\\\._ /W /AX\ \
> =
L
22 {
20 + 4 4 4 4 20 4 4 4 4
0 1 2 3 4 5 0 1 2 3 4 5
Time (s) Time ()
—e— M2, x=15m —e—M2,x=3m M3, x=1.5m M3, x=3m
—e—M2,x=45m —e— M2, x=6m —»— M3, x=4.5m —— M3, x=6 m
—e— M2, x=7.5m M3, x=7.5m

Time (s)
&6 A I ol el calises sla sl ply jd oiste Cglaie sl ges (ol ol aljl ow el duolio —F s

et (80 5 Bloj )3 s B (gl & g Ly JSTas gl Y Jgo

o3 Sl adyl Gos
ho=55 cm ho=45 cm ho=35 cm

Jae g5

Model 1

VVY 2(F5) VY Y Fo v .l aslin smoiden suidas — sl dolibuad 0



Ol)SKed 5 Gl o (gle

X=75m
t=0s
max=27.02 cm

X=45m
t=4.75s
max=26.51 cm

X=15m
t=45s
max=26.54 cm

X=4.5m X=7.5m X=15m
t=0.75 s t=3.5s t=4.25s
max=27.81 cm max=26.90 cm max=26.71 cm Model 2
X=15m X=6m X=15m
t=4s t=2.75s t=2.25s Model 3
max=28.16 cm max=27.87 cm max=27.83 cm ‘

sl el s gl o] 5 Sk

uL..ol ‘u).ua.» Lonous ‘.)le ‘JA.O]) osld J...l?u 9 wmui,,)
oL Gt (2o desxe (59 Yo

Oy buad 1 2lo0 () 5 )l

B o)l
03¢ @Lﬁ uD)lJU 4)9?).% A58 ).\ol> Alas culf.\mu}: )LQ‘JQI ))L;

O 1) zee 55l g W)l (n it abols (g g w2 5L
b (533 Jhe oled gaw ol 3l Js 4y pel (ol 458 oo
5 48 oly LS Wy pizmed Cuol (Silge Jde pd
Dy iz 58 e ol 80 b jto ko YO oyjoe
Y ATE N e g andls oS b Ol ljl paw Loy
ol bl osds 83 35 L3 Sldllae )3 3550 ol 48 el cnd 4

o Ll a8 ol (L zge Claskie ply w)p @l Jb
@ bgipe zge (5l Gyl g 00D gge (551 LIP30
e Fagle 00 (55 Bos 53 Jo5olS VWIVOA ply o] jlade o ¥ Jue

Bl b ()50 3 (o) (533 lawgi &5 (slayys slagge

X S dzlge (i aes b 1) ot odydcaul ok Kl oo 28l 0

loel &5 onl glasoly (oo sl sl (S 3l 31 e
Casl 3 3L e eyl 3 ol 5l (36 Sad ials
),.»b ‘picred 5 Golaie batw sba Je )»L (gin Ol (gl
Cyguody (e p ol bl zae Clastiv (o) o gdaw al;

25 b)) ol @l g (g Jaie

Ae3 BB Jgol 5l g9 (S Ol

by allogh &ygo a4 polbs Giid 0 Buses lie o) Sen

Cal 039 bl culs,

b ol
ol 00 ol Allie B hii g5 bawgl jols Gaod diy o

| VoV H(FF) AT O F oo ol @ilio owiigeo g — sols doliuad



References

1. Akgiin, A, 2011. Assessment of possible
damaged areas due to landslide-induced
waves at a constructed reservoir using
empirical approaches: Kurtun (North
Turkey) Dam reservoir area.Natural
Hazards and Earth System
Sciences, 11(5), pp.1341-1350.
Ataie-Ashtiani, B. and Najafi Jilani, A,
2007. A higher-order Boussinesq-type
model with moving bottom boundary:
applications to submarine landslide
tsunami waves. International journal for
numerical methods in fluids, 53(6),
pp.1019-1048.

Ataie-Ashtiani, B. and Yavari-Ramshe, S.,
2011. Numerical simulation of wave
generated by landslide incidents in dam
reservoirs. Landslides, 8, pp.417-432.
Ai, H.Z., Yao, L.K. and Zhou, Y.L., 2017.
Laboratory investigations of
earthquake-and landslide-induced
composite surges.Journal of Mountain
Science, 14(8), pp.1537-1549.
Aksen, M.M,, 2022. Parametric An
of Two-Layer Shallow Flow Mo
for Landslide and Water Waves in
Reservoirs (Master's thes&dd E
Technical University).

Dean, R. G., & Dalrymple, R!
Water wave mechanics for engineers

and scientists (Vol tific

publishing %pa

sis

R

14

. wWor

De Carvalho, R.F.

banks. Environmental
Flud ics, 7, pp-481-493.
D%ﬁ and Aydin, [, 2016.
Num 1 simulation and formulation of
wave run-up on dam face due to ground
oscillations using major earthquake
acceleration records. Journal of
Engineering Mechanics, 142(6),
p.06016001.
Ersoy, H., Karahan, M,, Gelisli, K., Akgtin,
A., Anilan, T., Stinnetci, M.O. and Yahsi,
B.K., 2019. Modelling of the landslide-
induced impulse waves in the Artvin
Dam reservoir by empirical approach
and 3D numerical

VAT HFE) 1Y SV F e v Ol qilie wiigee suidgi — ol doliliad

10.

11.

12.

15.

16.

17.

18.

simulation. Engineering
pp.112-128.

Fritz, H.M., Hager, W.H. and Minor, H.E,,
2003. Landslide generated impulse
waves. Experiments in Fluids, 35,
pp.505-519.

Fritz, H.M., Hager, W.H. and Minor, H.E,,
2004. Near field characteristics of
landslide generat impulse
waves. Journal of wate

way, port,
coastal, and ocean enginee 130(6),
pp-287-302.
Fawu #, Peng X, Y, 0 7,
Takeuchi ﬁ}w;m 006)
slope

Geology, 249,

Ar
Landslides d ormation
caused by wat oundment in the
Three‘orge servoir, China. The 10th
1A national Congress,
Nott 13?1-13  (in  United

JH.M., Mohammed, F. and Yoo, ],
009. Lituya Bay landslide impact
erated mega-tsunami 50 th
Anniversary. Tsunami  Science Four
s after the 2004 Indian Ocean
ésunami: Part II: Observation and Data
nalysis, pp.153-175.
. Heinrich, P., 1992. Nonlinear water
waves generated by submarine and
aerial landslides. Journal of Waterway,
Port, Coastal, and Ocean
Engineering, 118(3), pp.249-266.
Hermanns, R. L., L’Heureux, . S., & Blikra,
L. H. 2013. Landslide triggered tsunamij,
displacement wave. Encyclopedia of
natural hazards, 611-615.
Huang, B., Wang, S. C,, & Zhao, Y. B. 2017.
Impulse waves in reservoirs generated
by landslides into shallow water. Coastal
Engineering, 123, 52-61.
Heller, V., Hager, W. H., & Minor, H. E.
(2009). Landslide generated impulse
waves in reservoirs: Basics and
computation. VAW-Mitteilungen, 211.
Huang, T. Zhang, H. & Shi, Y. 2022.
Numerical simulation of landslide-
generated tsunamis in lakes: A case



19.

20.

study of the Xiluodu Reservoir. Science
China Earth Sciences, 1-15.

Kamphuis JW, Bowering RJ].1970
Impulse waves generated by landslides,
12th  International Conference on
Coastal Engineering, Washington, D.C.
(in United States).

Kaczmarek, H., Tyszkowski, S., & Banach,
M. 2015. Landslide development at the
shores of a dam reservoir (Wtoctawek,
Poland), based on 40 years of research.
Environmental Earth Sciences, 74, 4247-
4259.

22.

23.

26.

27.

28.

Karahan, M,, Ersoy, H., & Akgun, A. 2020.
A 3D numerical simulation-based

methodology  for assessment of
landslide-generated impulse waves: a
case study of the Tersun Dam reservoir
(NE Turkey). Landslides, 17, 2777-2794.
Lotfi, E., Safarzadeh, A. and Habi
H. 2013. Using Moving Objec
investigation of various param
landslide impact waves.
conference of geotechnics.

mo, P., Di Risio, M,,
ccia, A. (2005). Great
s in Italian artificial
re i atural Hazards and Earth
Syﬁciences, 5(5), 733-740.

Rose, . D, & Hungr, 0. (2007).
Forecasting potential rock slope failure
in open pit mines using the inverse-
velocity method. International Journal of
Rock Mechanics and Mining Sciences,
44(2), 308-320.

Zweifel, A. (2004). Impulswellen: Effekte
der Rutschdichte und der Wassertiefe
(Doctoral dissertation, ETH Zurich).
Zhang, T, Yan, E, Cheng, ], & Zheng, Y.
(2010). Mechanism of reservoir water in

Maistri,
landslide

the deformation of Hefeng landslide.
Journal of Earth Science, 21(6), 870-875.

A



