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Abstract
Introduction: Shock waves are, in fact, a type of tsunami phenomenon generated by the transfer
of momentum from a landslide or collapsing mass onto a water surface. Prominent examples
include the 1963 Vajont Dam landslide in Italy, the 1958 Lituya Bay tsunami, and Papua New
Guinea landslide.
prediction of the velocity, amplitude, and propagation behavior of the waves caused by
flood or landslides into dam reservoirs or intake basins, can provide significant assistance dam
construction and in determining the amount of reinforcement needed to withstand such waves.
Conventional techniques for measuring velocity, employ contact-based instruments, like propeller-
type velocimeters and electromagnetic current meters. However, due to direct water contact, these
methods are prone to mechanical failure and produce inaccurate results.
non-contact approaches such as Doppler techniques, particle displacement tracking technique, and
image processing methods—are also used to measure water velocity, but they bring their own
complexities.
The proposed method is the use of laser surface imaging. In this method, a laser beam sweeps the
water surface, and a camera with a high frame rate captures where the laser beam hits the water
surface. Therefore, the wave speed and amplitude are measured along a line on the water surface.

This method requires a very fast camera, and the calibration of the laboratory system is complex.

Experimental and Theoretical Principles: In this research, using the laser surface imaging method,
shock wave parameters triggered by fall of a mass into a laboratory sized dam are being studied. In
this method an organized array of laser beams is emitted perpendicular to water flow level to the
water with a DSLR digital camera capturing the scattered light where the laser beams hit the water
surface. The experiments are in a 12.5m length, 6.5m width and 1m height pool. To create waves
a 200kg mass on a 60-degree slope at the height of 3 meters plunges into the water reservoir. The

mass then is pulled up again with the help of an overhead crane. In other words, a network of

Journal of Hydraulics
7,7

1



Laboratory Experimental Measuring speed ... Shakeri et al., ????

points where the lasers hit the water is defined and change in the water surface height will result
in displacement in the laser impact location. For calculating amplitude of wave displacement in
Per unit length, multiplication of displacement in pixel by a Calibration coefficient is employed.
In laser surface imaging system, glass blade is used as laser beam splitter to create a number of laser
beams from a laser source. the Calibration coefficient can be calculated using two methods, first
one by using the system geometry and the second one by experimental method.

In the first method measuring the camera’s distance from the laser beams and the viewing angle of
the camera is needed which is difficult and comes with error so the second method is applied. In
the experimental method a ruler is placed along side every laser beam in the empty water reservoir
and is captured by a camera. Calibration coefficientis calculated by dividing the distance between
scales on the ruler in length by the same extent on the image in pixel.

After filling the water reservoir, the path of laser beams in water, light spots on the pool floor and
on the water surface are visible. The goal is to measure the water level height using light spots on
the water surface. In order to detect the spots more easily, it is better to adjust the camera before
Calibration in a way that the light spots on the pool floor are distant enough from the light spots
on the water surface in the Camera Frame. Water wave is described with Mechanical motion model
which defines the geometry position of the in-phase waves as wavefront. In other words, Time
interval of points on the wavefront to the generation point are the same. Measuring the change of
wave amplitude at the location of each laser beam, determines the amplitude changes with respect
to time. With difference between the times wave reaches to network points, Wave propagation

velocity vector is obtained.

Results and Discussion: Waye velocity value obtained by using the laser surface imaging method is
2.67m/s. the calculated wave velocity value from the gravitational wave equation C = ,/gh is
2.71m/s. that is to say the error value is 1.48 percent which indicates the high accuracy of the

proposed method.

Conclusion: The result of this research indicates that the laser surface imaging method in addition
to its accuracy is also easier and significantly cheaper in comparison to other methods. To put it
another way the propesed method has appropriate accuracy and high performance to determine
the wave parameters in the dam reservoir due to mass collapse and, consequently, other analyses

related to the impact of the wave generated on earthfill dams.

Keywords : Mass fall, impact waves, wavelength, wave speed, laser surface profilometry.

Journal of Hydraulics
7,7

2



Oln! Sgyuad (pozxl b3y allio
ot
S g youd Ay i s https://doi.org/

b G149 90 TIgo! Too S g 8 gw ARk 3T (5 50 51!
ST gy 31 oot b Luw (il 40 0093 boiw

S

OB b Pl S (69,8 w5 5L il

oy olails s Sl el S S 5d 6l 55 (gemmiils -
colo oKails (pgle 0uSiiils S 5ud 09,5 ¢ Luiils Y
Ql:o) olKails SRS saSasls u‘).o.ﬂ 05; wlwl =¥

* jbazargan@znu.ac.ir

ol (b ) (slodag Coal jl s ()5 o100 (Siw Sloodgi g I LU glsel Dliogar ) i0dSS
Jolge Sl (Fow sloodgi by Jdo 4 oads sl g Cae s g £l )| o Jsbo sl 1595 0t S 5 (655 gl
Oy oBails o a5 ol (gl 50 Sl Gred 4y Cesl v 2Ll (g O L2 0 08,80 Jelge alox Sl il
Ol 50 0095 bgias Sl 2 zge jo50e (slaalliosia V elipl g 710 (o0 e VYIB Jsbo & (G35t (9,8 i ploxl ]
039 4 o854 o398 sl eslinul b la ool ceload s ruS o3Il e (5 1) (6510 gelaw (g jloslitl b )L sl (sl ()55
55 4T 5o o8l o JSate iyl 99 51 IS s oz 0 planl (e (il VO O Gos sl 5 0, S5kS Y0
(0SS 5l 6yt (gl Y& alols L) il g0 .00l o o o s Sg0e &y (gladd ax3 V0 Lawgs @l slowl jo 53]
Tl (59, p ool 00ls 1,8 0068 Bodus I Guy il 48,5 118 08 (559, b and oS (sl 4igS 4y il a8 518 (g5lge O 9
00 6l 51p5 g i s 00 ool zse @l it DSLR s yso 5 555 sl sl 31 ool b ¢jlas
0l Uy g 5 00 (Sye 031l g0 B, w0, 50) (555 pebans (139, 5 955 ko 5y 31 o0l Ly g oo
5o S 3l 4yl B0y 98 il Sl joee Sloj alold 655 ojlail 4 azgi b ol 5l ey 5 @se Jsb 0] Syt
2l e aibsy wud YO b sy 55500 eisd )l i pus &S el 53 s ] ool s ) s
15 ke ol 5 0992 Al e YIFY L s 1S (g, b oad (6565 o5l zrge sy e a5 sl Sily alKtyles
YL 35 5 59y VFA BB il 45 ot anwlone YV L 11y (€ = \/GR) 290 ooy ala, 5 solial el

Db oo golpiinn (605 o5l s,

S5 ) s by, mae e e mge S esl a0 glgel c0ng bgh 1y Slgunds

Siebert ) 5,5 o L 55 an,S ¢ UL o gz gl 5 LI
s el )l g oy cpl sole g 3u80 cxlisetal., 2010
5 Sl gl 5 Slagli ) clille o ol 2 S5
Sewd (b eizmen g lazl s SlbI aet
(Y0 PR TR WRCIES RN N SO ¥ PR WA 9
5 e 518U zee pln o ojle plSoctul alies
P 4 et g oo bods J1  SLSL slagse

Gy s bea b Cowal S sl ol 3

doddio —)
oS aten )35 glool 5l g9 S &l 5o lays ol
ooy 5l Als sl g lgel ol obm! Jole (2 yagee
roilys 53 0jl5am 0nay b sl O s 4 (553
@b osle g 3 pezen o3k DLl L Gk
Dl oo a8 dws 538 5y b g 2 52 sl o850 (92
Ot 3l a8 Sl odgy ol jom Bl (LS Lo (sl g

2 Sogly s ie jo oial olagy a4 i e oy

Journal of Hydraulics

7(2), 77?
3



9999 o) o 9 5 SLS

G Gb'fwuloﬂ G503l

Bin Asad et al. s Gunawan et al. 2012 s al. 2002
Scarano s Baietal. 2019 5 Fangetal. 2019 52019

S8 5l ey ol cdinn b imen (et al. 2013
s Milan et al. 1993) o oolatul j8 (5,6 HL,>
o9y oyl a5 (Heng et al. 2019 s Xiaoping et al. 1993
DUl 5 Vb sloasso @ 5l b g oog Sz sl
Syl azd iy

(o) G e s, ) el b fagh cnl o
A eadobnl gl 4y zoe slayllly (025 ©)pa
oue (55l Zuwl 48,5 )13 (g 2 990 0095 ogi
S AT F) ceol oals gy B ousy ol (gow A
o) a5l phate 41,1 S5 gy ! 50 (e
O35 S 9 95850 03l ol s DT sz o 2 g0
3,95 5 Jowe 3l oads 0uiSTy y9 jgai DSLR Jlous
S as S ol 4 aiS o i |y o gl 4 b5
el 0 gy o gelans b 45 (6l oS L 0,55 0 blis
23 9555 0 Jome ol o Ol o £l 5 i
35 RS S 3,95y Jome AT )0 350 oo il b
2 et S, oml S b 55 e Ll
oo a5 Jbo 4 ool e 45 oSl o olasd
ooy 45 bl ale (gl g Ol i atals 13 g
bl ;o zee aisly gloy &l s asels Anglia b .oyl oo
31 09d os dnaloe Zoe Saep o8 polme (5 25 05l
95 Sz 9 Ml o]y anse wead alyl by gl

5 Bhl o3Fe Ko 3 sl 4,2 loel anlllas Sz g
sl 00 00l C.ups_v L;)"f o)‘.\a‘ U’“"j) ‘_;)L».A B
ol 0als JSits 5 ol 5l ol g

Vel s e FIO (5,8 e VIO Job a4 (35
RV PR WP VE W 9%

904 g0 aS 3 V0 sl e e as i wl)l 48 )
23 Sk GWLE Sy il 8518 e (S5,
Ll 00l sola!

w8 YO ce s b DSLR! o 5l oslizl b

9 0095 Jogﬁ.w )." » 0 él.?u‘ Toe ol ,.»...:u Ld...:l.:).'
0l (6,0 gl )5 (laasy b Huill SLS 4

had latb g o (5l Skl oo o SLSU
s i ((Pereira et al.,2002 and Kim, Y. et al 2008)
i b D S0 gae Ll ogeu g asels (e e
(ERWRGCEWISTIRY LSNP o P PR WIS EONRE <o
G Soslail gla Il 5l oolaiwl Jolis ce ps (g 5503l
ailgi oo oliws ol e by cwabliseg xSl
2l 30 65, B L, labi glace s peiins &5
Ol U jss 5 bl Lol [Siie a5 oS (5 50l
sy sl dzan 5 00l (655 ojlail ol > 5o il
o 5Ls pl b L(Arico et al.,2010) cl oyl oyog
_O)‘JJl 6‘)4 ! OW g;‘“"l'“ )..\.C 6)50)‘.b‘ olKws
S5 Sahs; (oalei e gy 4 gee e 55
g Fhshighy; Crl 20 0929 Jhg giw e wiile
T o2 0B 2 i s S ojlul 6l (Sl B lagge
Ol Sy S8b)s Gl a5k zoe 5 53959
CE @)5.: U""ﬁ) U"‘)é ch} U"‘ l) \.\.»5‘59 oolawl
Sl3ea20 cwad (Sdzen omized 5 Wl el Sy 0l
Katakura et s Kawanisi et al.,2012) s,l5 ol oo & |,
sl by, 4o (Yoo, M. W. et al,, 2009 sal., 2002
Sl ppgad lp 90 sl eoliinl 4 Gl oo (ouiled 8
SaSs 5l soliiwl b polas 5 JGT g O mlaw
Bradley, A. A., et ) allis o &l)d pgal oriwde
3T o e s (6005 o5l5l b aS 5,5 o Ll (al., 1999
@ oSS 4 (Slspaee Jae o g5 Olye @ o]
Fujita et cwled ué sla (b, ;500 50 .l aisls Ol
bl 6, 565ll s, Fujitaetal., 2000 sal. 1998
g.)—| G'l?UL} C,\.C)...u U’“"5) U"‘ PEX ‘..\.:o)faLQ.w..,.. ‘) u‘)b
ol mhw jo 0y Slbals pSejlul b g Vb cds b
5 ooy Slewbe & 5L g (nl &5 098 oo drlone
Lol pfe) sy oole ook polie 50,5 o)l
sbgse gk sl 5l ol pngai lagsl od iy
GrSeilail sl ()6 55 ol b9y <l )
Fujita et ) cowl ool ool g_j ol e Ce

I DSLR Canon EOS D50

Journal of Hydraulics

7(2), 77?
4



§EET €959.S 6, Louth o7 0,90

Sy yuap

@ e LS 5l 6,108 o las aST Cewl o (g 135 6L
Ol Aol g AZ =76 cm a5, g0 alols < 24 cm
ol o g e &S 3l h,=2.85m ¢l
l). Lol 00 —ual Lﬁ))...] J}‘ 44‘)1 )l Dd=15m
o)k 0,55 ooy ol mhaw 4 5 4oL il
canlis B 5,55 5 Joma |4 5 4o so ¢ (S5, 5
STy Sl o 5o 55 )l e (pizen el
g gn odalin (5,56 Lal L N R PRI JR
gl » @oges Sgar il 4L @-2) UKo Gllae
235 G 0355 5 Joms JIDSLR (50555 S5 5 g0
o oa; Lg)o,;

Olsre @ il s il 65 ) e g o
e S ) 3 Sl g9l g sl o5 oS
(@-Y) IS sllae ol 8,8 1,8 sl 5,50 (5,5
Sbral )5l g 4l 90 gl Al ans 5l ) B3k s
sl 5 (1) At 0 155 St o (1) i i
s (i (8) i

 Width= 6.5m :
) — EE

C

[

~ Projectile

5 Job gl )| polde oo cod pglas jleslatnl b -
ol 0] s zge s

L ol ey odel Canty polie (50,5 anlie -

Sl polie b aBislejl slaosls ;i solacul

S oo 9l 1y soliing he,y VL cds oS

Shelej (g 9 (o285 (Silae —¥

P10/ e VY1 Jslo 4 (e Sy (0 Lol
sl gl (W JSB) el oo ploxil (g e ) gl )l g e
Mt a5l aS @ SlSTN e ()59 4 0095 Sl zge
XS oo bgiw Ol 3e Sl 4y S ¥ glas layas o P
Jeis y> heodgs dazme yawiS YU (gl el ous sl
Obeduz ogzw (@ -)) JSS j0 el ouls solatl e
Slatend plo 50355 5 9 565,18 Joee a5
el oo oaly ylis ool

b -1) I Gllae Syl Jlosez 51 )8 gl Car
25 ey LDSLR (00 Sy 5 5500 ol 50 Jols
oo oolawl 1920 X 1080 igl;, 5 aily oo,8
(b -2) JSo 0 all 5l (K plesesr Sileds .l
558 jemme sleasl g ool jo d g0 .l oal sols iolad
i phie leaSo b slaiis asng golaws b as ols
oSl ) 90 50 5 (sleasy b e 0sd e ol

Projectile elevator

Pl’OjeCti]e Two laser arrays

N P c'amera
hs dam
t
hq
a
laser arrays Daga

LY

w
ol camera
Dy _, \

l

b

Fig. 1 a) A schematic front view of the laboratory-scale dam reservoir setup, b) A schematic top view of
the laboratory-scale dam reservoir setup with two arrays spaced 76 centimeters apart, ¢) View of the
laboratory-scale dam reservoir setup
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