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Abstract
Introduction: Shock waves generated by floods or landslides entering reservoirs can produce tsunami-
like waves, as observed in events such as the 1963 Vajont Dam disaster, the 1958 Lituya Bay tsunami,
and the Papua New Guinea landslide. Predicting wave velocity, amplitude, and propagation is essential

for dam safety and structural design.

Traditional contact-based velocity measurement methods, such as propeller and electromagnetic meters,
often suffer from mechanical problems and limited accuracy. Although non-contact techniques

including Doppler systems and image processing methods are available, they can be complex and

difficult to implement.

This study proposes a laser surface imaging technique, in which a laser beam scans the water surface
while a high-speed camera records the laser reflections. The method enables measurement of wave
velocity and amplitude along a water surface profile, although it requires high-speed imaging and careful

system calibration.

Experimental and Theoretical Principles: In this research, the laser surface imaging technique is used
to investigate shock wave characteristics generated by the impact of a falling mass into a laboratory-scale
dam reservoir. A structured array of laser beams is projected onto the water surface, while a DSLR
camera records the scattered light at the laser—water intersection points. Experiments are conducted in
a flume measuring 12.5 m in length, 6.5 m in width, and 1 m in height. Waves are generated by releasing

a 200 kg mass down a 60° slope from a height of 3 m into the reservoir.

A network of laser impact points is established on the water surface, and variations in water level cause

displacements of these points in the recorded images. Wave amplitude is determined by converting pixel
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displacement into physical distance using a calibration coefficient. In the laser imaging system, a glass

blade acts as a beam splitter to generate multiple laser beams from a single source.

Although the calibration coefficient can be obtained from system geometry, this approach is prone to
measurement errors. Therefore, an experimental calibration method is adopted, in which rulers placed

beneath each laser beam are photographed and used to establish the pixel-to-length relationship.

After filling the reservoir, both the laser spots on the pool floor and on the water surface become visible.
Camera settings are adjusted to maximize the separation between these spots for easier detection. By
tracking temporal changes in wave amplitude at each laser point and comparing wave arrival times
among the measurement network, both wave amplitude evolution and wave propagation velocity vectors

can be determined.

Results and Discussion: Wave velocity value obtained by using the laser surface imaging method is
2.67m/s. The calculated wave velocity value from the gravitational wave equation € = \/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 proposed 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 earth fill dams.
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