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SCHLUSSFOLGERUNGEN UND AUSBLICK 

Die 61 analysierten Grossereignisse bilden einen wertvollen Datensatz, aus dem neue Er-
kenntnisse zum Prozessverständnis gewonnen werden können. Weitere detaillierte quantitati-
ve Analysen im Rahmen des Projekts (Abschluss Ende 2008) sollen die Abschätzung von zu 
erwartende Geschiebefrachten in verschiedenen Wildbachsystemen verbessern und das daraus 
entwickelte Geschiebe-Abschätzverfahren eine rasche, prozessbasierte Erstbeurteilung von 
Wildbachsystemen und der zu erwartenden Geschiebefracht bei Grossereignissen erlauben.  
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ABSTRACT

This paper presents an experimental approach on measurement of impulsive fluid force using 
several materials of debris flow model. First, the hydrodynamic test for only water was 
performed by using water in stead of debris flow in order to confirm the measurement 
accuracy of impulsive fluid force as a preliminary test. Second, three kinds of debris flow 
model, i.e., sediment with water, gravel with sediment including water and beads with water 
were used as the quasi-debris flow by using channel test with a sharp slope. Third, the pumice 
stone produced at the Sakurajima volcanic mountain was used as the quasi-debris flow by 
flowing it naturally. This final test resulted in showing the impulsive load –time relation by 
presenting the surge in front wave.

Keywords: debris flow model, impulsive loading, pumice stone, fluid force,  
hydrodynamic test 

INTRODUCTION

Fig.1: Debris flow disaster

Recently many sediment disasters of Sabo dam as 
shown in Fig. 1 have occurred at the mountainous 
area in Japan by local downpour based on the global 
warming (Sabo Technical Center, 2005). These 
disasters may be caused by the impulsive loading of 
debris flow in the steep slope. In the current design 
of Sabo dam, the impulsive loading of debris flow is 
divided into two categories, i.e., the one is the impact 
load due to a huge rock based on the impact theory of solid body and the other is the fluid 
force due to the dynamic fluid theory (Mizuyama, 1979). However, the latter is acted on the 
Sabo dam as a static load based on the dynamic water pressure theory. On the other hand, the 
dynamic response analysis for the single degree of freedom system structure tells us that the 
dynamic deformation becomes two times larger than the static one, if the fluid force acts on 
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the structure impulsively (Ishikawa, et al. 2005). This means that the structural response will 
be changed by the action of static or dynamic loading. To this end, many studies have been 
made on the fluid force of debris flow based on the dynamic fluid theory (Hirao, et al.1970, 
Daido,1988, Miyamoto and Daido,1983, Mizuyama, et al. 1985, Miyoshi and Suzuki,1990, 
Horii, et al. 2002). 
However, the measurement device with high frequency is required in order to measure the 
impulsive loading of fluid force accurately. Further, it should be considered for the 
occurrence device for the debris flow, the measurement of flow velocity and discharge. It 
should be also properly selected for the materials of debris flow model. 
In this study, the hydrodynamic test was first carried out in order to confirm the accuracy of 
measurement of impulsive loading of fluid force by using only water as a preliminary test 
(Ishikawa, et al. 2006). Herein, both the force component meter and the pressure sensor were 
used to measure the fluid force simultaneously. Second, the hydrodynamic channel test with a 
steep slope was performed to examine the fluid force-time relations of sediment with water, 
gravel with sediments including water and beads with water. Third, the channel test was also 
executed for the measurement of the fluid force-time relation by using the pumice stone 
produced in the Sakurajima volcanic mountain. Finally, the current design load of fluid force 
is compared with the peak load and the stabilized load after the peak load obtained by the test 
results using the different materials of debris flow model. 

PRELIMINARY TEST BY WATER 

The hydrodynamic channel test was set up to measure the load –time relation at the instant of 
impact of fluid force by using only water in stead of debris flow model as a preliminary test. 
Both the force component meter and the pressure sensor were used to measure the fluid force 
at the same time. The slope of channel can be changed from 1/50 to 1/5 and the channel has 
the length of 12m, the width of 0.5m and height of 0.4m as shown in Fig.2. The water was 
flown suddenly by taking off the stopping panel. The pressure receiving panel is composed of 
the channel made by Aluminum in which the length is 100mm, the width is 100mm and the 
thickness is 5mm and is set up vertically as shown in Fig 2.  

Measurement Items 

The fluid force is measured by the force component meter (frequency is 700Hz) and the three 
pressure sensors (frequency is 2.5KHz) as shown in Fig. 3. The flow velocity is measured by 
the Laser-Doppler type meter.  
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Fig2: Hydrodynamic test [mm] 

Fig3: Measurement system [cm] 
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Accuracy of Measurement 

Figure 4 (a) shows the fluid force- time relation in case of slope 1/50 and flow velocity of1 
2.6m/sec.The fluid force measured by the force component meter is almost agreement with 
the one by the sum of pressure sensors, but is a little different from after 0.55 sec. This may 
be caused by no existence of pressure sensor at the upper of pressure receiving panel. Figure 
4(b) illustrates the local pressure – time relation measured at the points PA, PB, PC which are 
occurred from the bottom of channel in turn. The rise time (0.01 sec) to the peak pressure 
measured by the pressure sensors is smaller than the one (0.13 sec ) measured by the force 
component meter in Fig.4 (a). This may be due to the difference between the frequencies of 
pressure sensor and component meter. 
Figure 5 also shows the fluid force- time relation in case of 1/5 and velocity 2.0 m/sec. It is 
noted that fluid force measured by the force component meter is completely agreement with 
the one by the sum of pressure sensors. This may be due to the steep slope channel and 
therefore, the starting times of PA, PB, PC are almost the same. The rise time to the peak load 
by the pressure sensors is quite quick (0.01 sec) in this case. 

Fig4: Fluid force-time relation (water, channel slope 1/50, flow velocity 2.6 m/sec.)

Fig6: Steep channel test set-up 

STEEP CHANNEL TEST OF DEBRIS FLOW MODEL 

Figure 6 shows the steep channel test set-up in which the debris flow model (sediment etc.) is 
flown by taking off the stopping panel after piling up the sediment to the height of 40cm. The 
channel has the slope of 17 degree, the width of 10cm and the slope length of 5m. The 
discharge of water is 1.5 l /sec and 4 kinds of debris flow model are used as follows: 
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(1) only water, (2) sediment with water, (3) gravel with sediment including water and (4) 
beads with water. In order to examine the distribution of grain size in the sediment, the boxes 
are used at the lower channel end by running them instantly as shown in Fig.6. 

Fluid Force-Time Relation 

Figures 7, 8, 9 and 10 show the fluid force-time relations of (1) only water, (2) sediment with 
water, (3) gravel with sediment including water and (4) beads with water, respectively. Table 
1 illustrates the test results. 

1.) The fluid force-time relations of (1) only water (Fig.7) and (3) gravel +sediment + 
water (Fig.9) show the bilinear shape with steep rise time. On the other hand, the fluid 
force-time relations of (2) sediment + water (Fig.8) and (4) beads + water (Fig.10) 
represent the bilinear type with slow rise time. 

2.) It is considered that the latter tendency may be caused by the reason why the 
consistency is not reached to the equilibrium and the head of flow becomes to the 
wedge shape. 

Fig7: Fluid force-time relation at sharp channel 
(only water ) 

Fig8: Fluid force-time relation at sharp channel 
(sediment with water ) 

Fig9: Fluid force-time relation at steep channel 
(gravel with sediment including water) 

Fig10: Fluid force-time relation at sharp channel 
(bead with water ) 

Tab1: Test results using water, sediment, gravel and bead 

PEAK LOAD AND STABILIZED LOAD 

The peak load of (4) beads +water in Fig.10 is the largest among all cases. Because the impact 
load of fluid force may be due to the hardness of bead, although the rise time to the peak load 
is the latest. The stabilized load means when the fluid force becomes constant after the peak 
load. These loads of materials (1), (2) and (4) are smaller than the peak load except the 
material (3). The reason why the stabilized load of material (3) (cases 4-7 in Tab.1 ) becomes 
larger than the peak load may be due to the effect of sedimentation of gravel. 
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RISE TIME TO THE PEAK LOAD 

The rise time to the peak load is found as shown in Tab.1 by the fluid force –time relations 
in Figs.7, 8, 9 and 10. The rise times of materials (2), (3) and (4) are very slow compared with 
(1) only water. This may be the same reason as mentioned in fluid force-time relation 2.). 

Design Load 

The design fluid force load is computed by using Eq.(1) as shown in Table 1. 

2vAF (1)

where,  is the density (g/cm³), A (b x h) is the sectional area of channel (cm²), b, h are the 
channel width and the average water depth, v is the flow velocity (cm/sec). 
It should be noted from Tab.1 that the design loads in all cases are almost smaller than the 
peak loads. This may be the reason why the design loads in all cases are almost the same as 
the stabilized loads after the peak and the average water depth may be estimated as the 
smaller than the depth after the sedimentation. 

DEBRIS FLOW MODEL TEST USING PUMICE STONE 

Outline of Test 

The pumice stone produced in the Sakurajima volcanic mountain was used as the debris flow 
model. The slope of channel is 10° and the density of pumice stone is 1.29g/cm³. The method 
of flow is performed in the two ways as follows as shown in Fig.11. 

Fig. 11: Model test using pumice 

Furthermore, it is added to change the channel slope 17° (Type C). 

(1) Type A (Natural flow, channel slope with 10°): The pumice stones are flown naturally 
without using the stopping plate. 

(2) Type B (Washout, channel slope with 10°): The pumice stones are flown by taking off 
the stopping plate after sedimentation. 

(3)  Type C (Natural flow, channel slope with 17°): The pumice stones are flown naturally 
as the same manner as Type A by only changing the channel slope with 17°. 

The flow velocities in all cases are about 1.6-1.7m/sec. 



– 350 – – 351 –

RISE TIME TO THE PEAK LOAD 

The rise time to the peak load is found as shown in Tab.1 by the fluid force –time relations 
in Figs.7, 8, 9 and 10. The rise times of materials (2), (3) and (4) are very slow compared with 
(1) only water. This may be the same reason as mentioned in fluid force-time relation 2.). 

Design Load 

The design fluid force load is computed by using Eq.(1) as shown in Table 1. 

2vAF (1)

where,  is the density (g/cm³), A (b x h) is the sectional area of channel (cm²), b, h are the 
channel width and the average water depth, v is the flow velocity (cm/sec). 
It should be noted from Tab.1 that the design loads in all cases are almost smaller than the 
peak loads. This may be the reason why the design loads in all cases are almost the same as 
the stabilized loads after the peak and the average water depth may be estimated as the 
smaller than the depth after the sedimentation. 

DEBRIS FLOW MODEL TEST USING PUMICE STONE 

Outline of Test 

The pumice stone produced in the Sakurajima volcanic mountain was used as the debris flow 
model. The slope of channel is 10° and the density of pumice stone is 1.29g/cm³. The method 
of flow is performed in the two ways as follows as shown in Fig.11. 

Fig. 11: Model test using pumice 

Furthermore, it is added to change the channel slope 17° (Type C). 

(1) Type A (Natural flow, channel slope with 10°): The pumice stones are flown naturally 
without using the stopping plate. 

(2) Type B (Washout, channel slope with 10°): The pumice stones are flown by taking off 
the stopping plate after sedimentation. 

(3)  Type C (Natural flow, channel slope with 17°): The pumice stones are flown naturally 
as the same manner as Type A by only changing the channel slope with 17°. 

The flow velocities in all cases are about 1.6-1.7m/sec. 



– 352 – – 353 –

Fluid Force-Time Relations 

Figures 12, 13, 14 and 15 show the fluid force-time relations in cases 1,2,3 and 5 in Tab. 2 , 
respectively.

(1) It is found that the fluid force-time relations in all cases show the bilinear behavior 
with very steep slope rather than the cases of water in Fig.7 and gravel +sediment 
+water in Fig.9. 

(2) This tendency may be due to the reason why the head flow of pumice forms the surge 
shape by coming up to the surface at the front of pumice stones. 

(3) It is interested to note that the rise times in all cases are very quick rather than the 
cases of sediment + water, gravel + sediment +water and bead + water. This may be 
caused by the surge shape in which the front wave of pumice is flown as stepwise. 

The Peak Load and Stabilized Load 

Table 2 shows the peak load and the stabilized load after the peak in all cases of pumice 
stones.

(1) The ratios of peak load and stabilized load (Fmax / F0) are almost 1.7-1.9 and this 
tendency means the impulsive loading, because of forming the surge shape due to the 
effect of rising up to the surface of pumice stones. 

(2) However, the ratio (Fmax/F0) was 1.2 in case 5 of type C. This may be the reason that 
the velocity of front wave increases and as such, the front pumice did not rise up to 
the surface and did not represent the surge shape. 

Rise Time to the Peak Load 

Table 2 shows the rise time to the peak load in all cases using pumice stone. 

(1) The rise times of cases 1-4 are all less than 0.1 sec except case 5. This is regarded as 
the impulsive loading –time relation, and the structural dynamic response will become 
two times larger than the static loading, if this impulsive loading acts on the structure 
(Ishikawa, N. et al. 2005). 

(2) Therefore, the rise time is important factor for the judgment of impulsive loading or 
not, although this value is actually compared with the natural frequency of the 
structure.

Design Load 

The thick line in Figs.12-15 and Table 2 show the design fluid force load which is computed 
by using the average water depth, the average velocity and the density of pumice stones (  = 
(1.29 x (0.44 + (1.00 x (1 – 0.44)) = 1.13 g/cm³)), because the transportation consistency of 
pumice stones is measured as 0.44. 

(1) The ratios of stabilized load and design load (F / F0) in all cases become almost 1.0. 
This fact indicates that the design load coincides with the stabilized load. 

(2) The ratios of peak load and design load (F / Fmax) of cases 2, 3, 4 are about 1.7-1.8 and 
as such, the impulsive loading is 1.7-1.8 times larger than the design load. This means 
that the impulsive load acts on the Sabo dam large rather than the design load. 

Tab2: Test results using pumice 

Sedimentation Profile 

Figure 16 shows the sedimentation profile before the impact to the panel in Cases 1, 2, 3 and 
5. It is noted that the front waves in Cases 2 and 3 resulted in showing the surge shape, but the 
front waves in Cases 1 and 5 illustrated the wedge shape. 

Fig.16: Sedimentation profile of pumice before impact to pannel 
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Numerische hydrologische und hydraulische 

Simulation der Auswirkungen einer möglichen 

Flutwelle im Rahmen einer Risikoanalyse und 

Risikomanagements am Suggadinbach 

Numerical hydrological and hydraulic 

simulation of the effects of a possible  

flood wave as part of Risk Analysis and  

Risk Management at the Suggadinbach 

Gerald Jäger1, Markus Moser2  

ZUSAMMENFASSUNG 

Das Mäßtobel, mit einem Einzugsgebiet von 0,42 km², stellt aufgrund einer Felsgleitung im 
Oberlauf ein großes Gefahrenpotential dar. Im Jahre 1999 hat sich diese Felsgleitung laut 
einer geologischen Untersuchung beschleunigt und dadurch besteht die Gefahr einer 
Verklausung des Vorfluters „Suggadinbach“ durch herab fallende Fels- bzw. Murmassen 
von ca. 800.000 m³. Die weitere Folge ist laut Experten ein Dammdurchbruch mit 
anschließender Hochwasserwelle, welche direkt auf die Ortschaft St. Gallenkirch trifft. 
Aufgrund dieses Szenarios wurde ein Projekt ausgearbeitet, welches aufbauend auf den neuen 
Erkenntnissen und Messungen im Einzugsgebiet des Mäßtobels, das Gefahrenpotential und 
die Auswirkungen dieser Flutwelle für den Siedlungsraum von St. Gallenkirch beurteilt und 
Maßnahmen im Rahmen eines Risikomanagements beinhaltet. 
Als Projektsgrundlagen wurden dem Stand der Technik entsprechend Laser-Scan Daten zur 
Erstellung eines Geländemodells herangezogen. Ebenfalls als Grundlage diente eine 
geologische Detailuntersuchung durch das Büro Geognos Bertle, wonach mit einer Entlastung 
der labilen Hangbereiche zu rechnen ist. Aufgrund dieser geänderten Ausgangssituation wurde 
von Experten für das Bemessungsereignis eine Kubatur von ca. 150.000 m³ Fels- und 
Murmassen im unmittelbaren Einstoßbereich in den Vorfluter Suggadinbach festgelegt. Die 
hydrologische Berechnung erfolgte mit dem Modell HEC-HMS. Die Plausibilitätsprüfung und 
Kalibrierung des Modells konnte mithilfe der dokumentierten Anschlaglinien und 
Niederschlagsmengen des Ereignisses vom August 2005 durchgeführt werden.  
Der Einfluss des Dammbruches auf die Überflutung des Siedlungsgebietes erfolgte durch die 
hydraulische Berechnung und Analyse verschiedener Szenarien. Zur Genauigkeitssteigerung 
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CONCLUSIONS

The following conclusions are drawn from this study. 
(1) It is confirmed that the fluid force measured by the force component meter is almost good 
agreement with the sum of pressure sensors. Therefore, the force component meter can 
measure the fluid force of debris flow models, i.e., water, sediment +water, gravel +sediment 
+water, bead +water and pumice +water. 
(2) It is found that it is difficult to get the impulsive loading in cases of sediment +water, 
gravel + sediment +water, even if the channel slope becomes steep. 
(3) It is interested to note that the front wave of debris flow model using pumice stone 
resulted in showing the surge shape and as such, the ratio of the peak load and the stabilized 
load became quite large (1.7-1.8). This phenomenon is called as the impulsive fluid force.  
(4) The rise time in fluid force-time relation using pumice stone became faster than other 
debris flow model materials. This may be due to the effect of forming the surge shape. 
(5)These phenomena will be simulated by using the particle method which may be used for 
the Sabo dam design in the near future. 
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