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ABSTRACT

This study is intended to reveal the mechanism of changes in the bed rough-
ness resulting from the generation and transition of micro-scale bed configurations
(i.e., dunes), and to identify a predominant causal factor in the hysteresis that
was observable under unsteady flow. To investigate the mechanism, hydraulic ex-
periments on movable riverbeds were conducted with unsteady flow waveforms. A
predominant causal factor in the hysteresis was identified. This study also exam-
ined the bed roughness during a flood in an actual river, and the applicability of
roughness coefficients in river planning and management. This study consists of
six chapters.

Chapter 1 presented the background and aims of this study, reviewed previ-
ous studies on micro-scale bed configuration and outlined the organization of this
paper.

In Chapter 2, hydraulic experiments of movable beds with quasi-unsteady flow
waveforms were conducted to examine the changes in bed roughness and the as-
sociated hysteresis, focused on the generation, transition and disappearance of
dunes. To maximally eliminate the effects of the delay in response by the riverbed
to flow changes, the steady flow duration was increased to allow for stepwise wave-
forms. The experiment results revealed that transitions of micro-scale bed config-
urations were triggered by a slight disturbance in the hydraulic conditions. The
flow velocity causing energy gradient (i.e., water surface slope) was the predomi-
nant factor of the disturbance. The classification proposed by Kishi and Kuroki
regarding the transition of micro-scale bed configurations due to non-dimensional
bed shear stress and non-dimensional effective bed shear stress was consistent with
the process under the condition of unsteady flow where pseudo uniform flow was
maintained. This result indicated that bivalency applied to a certain range of
the transition of micro-scale bed configurations. Froude Number expressed by
non-dimensional equations same form as non-dimensional shear stress of riverbeds
explained the transition of micro-scale bed configurations fairly well. Thus, Froude
Number was to be an important parameter for explaining the transition process of
micro-scale bed configurations. This result also indicated that bivalency applied
to a certain range of transitions in micro-scale bed configurations when Froude
Number corresponded with a flat riverbed is stably maintained at 0.9 or larger.

In Chapter 3, hydraulic experiments of movable beds were conducted focused on



the generation, transition and disappearance of dunes in relation to unsteady-flow
waveforms under various conditions in terms of the duration of flooding and the
water surface slope. The experiment results revealed that the flow velocity causing
energy gradient (i.e., water surface slope) was the predominant factor for the tran-
sition of micro-scale bed configurations even when the unsteady-flow waveforms
were smooth. Hydraulic experiments of movable beds were also conducted by us-
ing smaller bed material and unsteady flow waveforms, for examining the changes
in bed roughness. It was indicated that the transition of bed configurations was
not obvious when the grain size of bed material was small, regardless of the ap-
plicability of bivalency. Hysteresis under unsteady flow condition was observable
when bivalency applied to the transition of micro-scale bed configurations. The
bivalency became apparent when the flood duration was long with small-scale dis-
turbance to the hydraulic conditions and it became less observable when the flow
rate changed rapidly with large disturbance.

In Chapter 4, analysis of the changes in the bed roughness during the Ishikari
River flood in August 1981 was conducted by comparing the results of the hydraulic
experiments described in Chapters 2 and 3. Simultaneous water level observation
data collected in the lower course of the Ishikari River in the flood was used for
the analysis. The analysis revealed that bivalency in the bed roughness during
the Ishikari River flood was not observed in the transition of micro-scale bed
configurations, and it was suggested that the riverbed consisted of flat beds and
dunes. The analysis revealed that the water surface slope of the Ishikari River
increased or decreased when the flow rate increased or decreased. The water surface
slope became gentle during the flood discharge decreasing stage in a section near
the river mouth, where the water surface slope had rapidly changed during the
flood. Thus, the formation of sand waves was facilitated in the river section near
the river mouth. Engineering challenges for the bed roughness (i.e., roughness
coefficient in a low-water channel) on the current channel design of the Ishikari
River were analyzed. In the channel around the Ishikari Ohashi Bridge station,
micro-scale bed configurations in the form of dunes had formed after past floods.
These bed configurations were flushed when the flow rate and the bed shear stress
increased, transitioning to flat beds when the flow rate almost reached its peak.
In actual rivers, the bed configurations have been affected by temporal changes
in the water surface slope depend on inflowing tributaries and the river channel

alignment. Thus, careful engineering examination has been needed for applying
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bed roughness in river planning.

In Chapter 5, theoretical estimation of the bed roughness from micro-scale bed
configurations in the Ishikari River flood in August 1981 on the basis of wave
gradient was conducted Observation data on sand waves collected at the lower
reaches of the Ishikari River during the flood was used for the estimation. The
results were compared with the results obtained by utilizing hydraulic observation
data. The bed roughness theoretically estimated on the basis of the sand wave
forms was greater than that calculated by using hydraulic observation data. This
suggested that distinct sand waves were not formed in the channel of the Ishikari
River. The applicability of the above-mentioned method for theoretically estimat-
ing the river roughness on the basis of the wave gradient was limited; thus, this
method was likely to be less appropriate for application to actual rivers. The im-
pact of improvement works in the Ishikari River, dredging and excavation, on river
bed roughness coefficient and flood water level was also estimated. Broadening low
water channel increases bed resistance and flood water level, thus appropriate engi-
neering consideration should be taken for the preparation of the river development
plans.

Chapter 6 summarized the major results and future challenges as the conclusion
of the paper. This study revealed that obvious hysteresis or bivalency was observed
in the development of bed roughness when quasi-uniform flow was maintained in
the riverbed transition process and the riverbed was not greatly disturbed. It was
also revealed an increased disturbance to the riverbed induces a transition to make
the bivalency less obvious. Among the parameters that define the shear stress on
the riverbed, the flow velocity causing water surface slope was predominant factor

in the disturbance of the riverbed.
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