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Appendix A. Calibration 

Bucket Calibration  

To calibrate the water buckets used for collecting the overtopping volume of water over the 

dam, a five-step approach is described; 

1. Measure the height of empty bucket with the ultrasonic sensor, by placing the sensor at 

the top of the bucket. 

2. Then pour 1 L of water to the bucket and measure the height. 

 

 

Figure A.1: Measuring the water height in the bucket by pouring 1L of water into it. 

3. Repeat this at least ten times by putting an additional 1L of water for each step. 

4. Plot the volume of water with the recorded height value for the ten points. 

5. Repeat step 1 to 4, at least five times to get the most accurate calibration factor 

6. The calibration factor will be the average of the slopes of each line in step 4. 

1L= -5.56V 
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Wave gauge calibration  

The nine wave gauges of type ‘DHI wave-meter 102E’ were installed to measure the wave 

height for each test. All sensors were calibrated before each test, in order to obtain more 

accurate results.  

The procedure for calibrating the wave gauge sensors, 

1. After filling up the reservoir to the desired still water depth, leave it for some seconds 

to still. 

2. Fix the zero level by setting each channel at 0V. 

3. Then insert a steel bar of 50 mm thickness to elevate the steel bars and set it to -1V 

value  

4. When the calibration process is over, the still bars again put into zero level to start the 

test. 

A calibration factor ቀ
ହ଴ ௠௠

ଵ ௏
ቁ is obtained for conversion of the measured voltage into mm. 

Ultrasonic sensors calibration 

Five ultrasonic sensors were placed above the dam crest to measure the overtopping depth. 

These sensors have been calibrated by measuring the voltage difference with and without a 

steel plate of 50 mm thickness. 

The following calibration factors is found found for each sensors; 

CH 11, 50mm = 4.92V 

CH 13, 50mm= 4.93V 

CH 15, 50mm= 4.88V 

Rotational sensor calibration 

The rotational sensor needs to be calibrated for converting the measured voltage into distance. 

This can be done by pulling out the rope 0.5 m, 1 m, 1.5 m, 2 m, 2.5 m and reading the voltage 
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recorded, the slope of the line plot between the distance and measured voltage becomes the 

calibration factor. 

 

Figure A.2: Distance measured for a rope versus the corresponding voltage reading 

[37_1.5s_4.5m_2H_200]. 
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Appendix B. Test Procedure 

Basically, the test procedure is: 

(a) adjustment of the still water level with a point guage; 

 

Figure B.1: Setting up the water level of the reservoir using point guage on the right and 

piezometer on the left. 

(b) loading the slide block on the ramp with the specified release height; 

(c) calibration of the wave guage sensors; 

(d) calibration of speed sensor; 

(e) setting of the agilent measurement software; 

(f) release the hook on the slide; 

(g) observation of the wave propagation and overtopping process. 
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Appendix C. Overtopping Volume Calculation 

In most of the experiments, three major waves were observed during the impact of landslide 

generated waves. Figure  shows the overtopping height over the dam crest for the three major 

waves with time of occurrence. Each overtopping wave gives a certain overtopping volume of 

water with the specified duration. In this section, the volume of water for each wave is 

determined using a plot between overtopping height with time. 

 

Figure C.1:Plot between maximum overtopping height over the dam crest vs time for the three 

major waves recorded in channel 11 (Test no. 185_2.25_4.5_2H_200). 
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Figure C.2: Overtopping height (mm) vs time (s) plot for maximum discharge calculation 

considering the three maximum waves recorded in channel 11. 

The total volume of water over the dam crest for each section is collected in a bucket and 

measured for each test. To obtain the volume for each wave: wave 1, wave 2 and wave 3 (Figure 

C.1), the area under the curve defined by the overtopping height versus time is calculated. In 

Fig. C.2, wave 1 is defined between times t1 (initial time) and t2 (final time), and similarly for 

the other waves. 

Applying the concept of dimensionless quantity based on area and volume, the volume for each 

wave can be calculated: 

    
𝑨𝟏

𝑨𝒕
=

𝑽𝟏

𝑽𝒕𝒐𝒕𝒂𝒍(𝒎𝒆𝒂𝒔𝒖𝒓𝒆𝒅)
                  (1) 

And recalculating for volume for the first wave (𝑉ଵ), Eq. (1) can be rearranged as: 

    𝑽𝟏 =
𝑨𝟏𝑽𝒕𝒐𝒕𝒂𝒍(𝒎𝒆𝒂𝒔𝒖𝒓𝒆𝒅)

𝑨𝒕
          (2) 

𝐴௧ = 𝐴ଵ + 𝐴ଶ + 𝐴ଷ 
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where 𝑉ଵ (m3) = calculated volume of overtopping water for wave 1; 𝐴ଵ (m2) = area under the 

curve of wave 1; 𝐴௧ (m2) = the total area under the curve considering three waves and 𝑉௧ (m3) 

= the total volume of water collected in the bucket. 

The overtopping volume calculated in this way for each wave is used to estimate the 

overtopping discharges. 
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Appendix D. Parametric Study 

Slide impact velocity, slide volume and freeboard related to overtopping volume 

Landslide impact velocity is one of the primary parameters to be used for modelling landslide 

induced waves. Slingerland and Voight (1979) proposed an empirical equation to predict slide 

velocity as; 

   𝑣௦ =  𝑣௢ + [2𝑔 𝑠 (𝑠𝑖𝑛 𝛽 − 𝑡𝑎𝑛 𝛷௦ 𝑐𝑜𝑠 𝛽)]ଵ ଶ⁄           (3)

  

where 𝑣௦ is the slide speed, 𝑣௢ is the initial slide speed, g is the gravitational acceleration, s is 

the landslide travel distance from the toe of the landslide mass to the water’s edge, 𝛽 is slope 

angle of the slide in degrees and 𝛷௦ is angle of internal friction. The initial slide speed is 

assumed to be 0 m/s. 

 

Figure D.1: Definition sketch for the slide impact velocity 𝑉௦ determination of three identical 

slides at different slide releasing height (ℎ௢ଵ, ℎ௢ଶ and ℎ௢ଷ).  

As seen from Eq. (3), the slide speed is described based on the slide position, the slope angle 

and angle of internal friction. The results from the experiments of the present study confirm 

that the initial position of the slide edge relative to the still water level (Fig. D1) is the most 

dominant parameter which directly influence the speed of the slide (Fig. D2). Increasing the 

travel distance of the slide to the water increases the value of landslide speed significantly. 

Slide impact speed in the range of 29 m/s to 60 m/s were observed in this study for different 
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slide arrangement and position. High speeds  have been reported on in the literature, for 

example the up to 40 m/s backcalulated from the fall of a 100 ton rock boulder (Hungr, 2007).  

 

Figure D.2: The impact of landslide release height (m) on landslide speed (m/s) and 

overtopping volume (Mm3) for a) 1: 1.5; and b) 1: 2.25 upstream dam slope, where 𝑊௦ = 0.51 

Mm3 (prototype scale).   

The relationship between slide release height, slide speed and overtopping volume for a slide 

volume of 0.51 Mm3 is illustrated in Fig. D2 a and b for an upstream dam slope of 1: 1.5 and 

1: 2.25 respectively. The maximum distance between the slide bottom edge and the reservoir 

water level considered in this study is ℎ௢ଷ= 380 m in prototype scale. For a specific freeboard 

value, the amount of water that overtopped the dam as a result of a slide with this release height 

was about 0.3 Mm3 which is about 50 % of the slide volume. For a fixed slide release height, 

slide volume and upstream dam slope, an increase freeboard from f = 4.5 m to 6 m in the 

reservoir decreases the overtopping volume in a range between 59 % up to 81 % for the 

experiments conducted in this study. 

The effect of slide volume, 𝑊௦ on overtopping volume, 𝑊௪ is almost linear for the particular 

model setup of this study which can be further understood from Fig. D3 a. An increase in slide 

volume by 33 % increases the overtopping volume by 23 % and 29 %, respectively for 

freeboard f = 6 m and 4.5 m. In Fig. D3 b present again the relation of the slide release height 
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and the overtopping volume for a fixed slide volume of 𝑊௦ = 0.51 Mm3.. The Fig. D3b shows 

that an increase in the distance between the edge of the slide to the reservoir water level, ℎ௢= 

95 m to 380 m, increases the amount of the overtopping water 𝑊௪= 0.12 Mm3 to 0.3 Mm3 

which is around 47 % of the initial amount. Comparison of the relations in Fig. D3 a and b, 

demonstrates the dominant effect of the slide volume on the overtopping volume compared to 

the effect of the slide release height (slide velocity) and freeboard.  

 

Figure D.3: a) The slide volume versus overtopping volume; and b) slide release height versus 

overtopping volume for 1: 1.5 upstream dam slope, where 𝑊௦ = 0.51 Mm3 (prototype scale). 
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Appendix E. Summary of Tests 

U/s dam 
Slope 

Freeboard, 
f (m) 

Block 
arrangement  

Release 
Height  

(ℎ௢) (m) 

N° of 
test 

Test number 

1: 1.5 4.5 2H 2 3 37 38 39 

    1.5 3 40 41 42 

    1 3 43 44 45 

1: 1.5 4.5 2V 2 3 46 47 48 

    1.5 3 49 50 51 

    0.5 3 52 53 54 

1: 1.5 4.5 4 1.5 3 55 56 57 

    1 3 58 59 60 

    0.5 3 61 62 63 

1: 1.5 4.5 6 0.5 3 64 65 66 

    1 3 67 68 69 

1: 1.5 6 6 1 3 70 71 72 

    0.5 3 73 74 75 

1: 1.5 6 4 1.5 3 76 77 78 

    1 3 79 80 81 

    0.5 3 82 83 84 

1: 1.5 6 2H 2 3 85 86 87 

    1.5 3 88 89 90 

    1 3 91 92 93 

1: 1.5 6 2V 2 3 94 95 96 

    1.5 3 97 98 99 

    0.5 3 100 101 102 

1: 1.5 13 1B 2 3 275 276 277 

    1.5 3 278 279 280 
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    1 3 281 282 283 

    0.5 3 284 285 286 

1: 2 4.5 2H 2 3 131 132 133 

    1.5 3 134 135 136 

    1 3 137 138 139 

1: 2 4.5 2V 2 3 140 141 142 

    1.5 3 143 144 145 

    0.5 3 146 147 148 

1: 2 4.5 4 1.5 3 115 116 117 

    1 3 119 120 121 

    0.5 3 149 150 151 

1: 2 4.5 6 0.5 3 152 153 154 

    1 3 155 156 157 

1: 2 6 2H 2 3 158 159 160 

    1.5 3 161 162 163 

    1 3 164 165 166 

1: 2 6 2V 2 3 167 168 169 

    1.5 3 170 171 172 

    0.5 3 173 174 175 

1: 2 6 4 1 3 123 124 125 

    1.5 3 127 128 129 

    0.5 3 176 177 178 

1: 2 6 6 0.5 3 179 180 181 

    1 3 182 183 184 

1: 2.25 4.5 2H 2 3 185 186 187 

    1.5 3 188 189 190 

    1 3 191 192 193 
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1: 2.25 4.5 2V 2 3 194 195 196 

    1.5 3 197 198 199 

    0.5 3 200 201 202 

1: 2.25 4.5 4 1.5 3 203 204 205 

    1 3 206 207 208 

    0.5 3 209 210 211 

1: 2.25 4.5 6 0.5 3 212 213 214 

    1 3 215 216 217 

1: 2.25 6 6 1 3 218 219 220 

    0.5 3 221 222 223 

1: 2.25 6 4 1.5 3 224 225 226 

    1 3 227 228 229 

    0.5 3 230 231 232 

1: 2.25 6 2H 2 3 233 234 235 

    1.5 3 236 237 238 

    1 3 239 240 241 

1: 2.25 6 2V 2 3 242 243 244 

    1.5 3 245 246 247 

   0.5 3 248 249 250 

Total 210    

 

 

 



ISBN 978-82-471-9902-2 (printed ver.)
ISBN 978-82-471-9614-4 (electronic ver.)

ISSN 1503-8181 (printed ver.)
ISSN 2703-8084 (online ver.)

Doctoral theses at NTNU, 2021:18

Netsanet Nigatu Tessema

Dam runup and overtopping
from waves generated by
landslidesD

oc
to

ra
l t

he
si

s

D
octoral theses at N

TN
U

, 2021:18
N

etsanet N
igatu Tessem

a

N
TN

U
N

or
w

eg
ia

n 
U

ni
ve

rs
ity

 o
f S

ci
en

ce
 a

nd
 T

ec
hn

ol
og

y
Th

es
is

 fo
r t

he
 D

eg
re

e 
of

Ph
ilo

so
ph

ia
e 

D
oc

to
r

Fa
cu

lty
 o

f E
ng

in
ee

rin
g

D
ep

ar
tm

en
t o

f C
iv

il 
an

d 
En

vi
ro

nm
en

ta
l

En
gi

ne
er

in
g


	Printed PhD dissertation Netsanet Nigatu29-8-21.pdf (p.1-172)
	Appendix 29-8-21.pdf (p.173-185)
	Blank Page
	Blank Page
	Blank Page
	Blank Page
	Blank Page
	Blank Page
	Blank Page
	Blank Page
	Blank Page



