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Flood Flow Structure around Traditional Spur Dykes
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OHao ZHANG, Natsuki UEHARA, Hiroshi TAKEBAYASHI, Yasuhiro TAKEMON, Yuko ISHIDA

Traditional spur dykes made of natural materials such as rocks, woods and bamboos have been widely implemented
in alluvial rivers for water and flood management since ancient times. They provide certain controls of river flows
and sediment transport with relatively low costs by taking full uses of local resources and natural energies.
Traditional spur dykes are environmentally friendly and are developed with long histories and experiences. There is
a high potential for their further applications in sustainable river management after revitalization. In this study, the
local flow structures around typical traditional spur dykes under flood scenarios have been investigated
experimentally, including a masonry spur dyke, a gabion spur dyke, a pile-group dyke, a Bandal-like spur dyke and
a crib spur dyke (Seigyu). Based on the research results, both the mean flows and the turbulences are characterized,
and their implications on the transport of sediment and nutrients are clarified.
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Figure 2 Dimensionless flow velocity along typical

longitudinal cross-sections (L2 shown in Fig.1)
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Characteristics of Three-dimensional Turbulent Flow around Traditional Crib Spur Dyke
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This paper presented an experimental study on the three-dimensional mean flow and turbulence characteristics
around a traditional Japanese crib spur dyke (Seigyu) under flood scenarios. In particular, this research focused
on the time-averaged mean flow structures, the local water surface profiles, the turbulence kinetic energies and
the Reynolds stresses. The results showed that the flow accelerated due to spur dyke overtopping and
mainstream narrowing, the velocity reduced in the wake zone of the spur dyke and the flow separated due to
the intensification of lateral flow. Due to the unique shape of the spur dyke, local downward and upward flows
as well as complex distributions of turbulence kinetic energies and Reynolds stresses were observed in the
vicinity of the spur dyke. The results demonstrate that the crib spur dyke enhances flow diversities and promotes
exchanges of mass and momentum in both the vertical and the lateral directions.
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Table 1 Hydraulic conditions in the experiment

OABUAEATAER BANFEES - 14001-04-02 -



1400

Z/h

ORBWHEEALIAZR BRANEEER

1-04-02

3. HBRLEE

KT —H IS E, ARMNECAFTRM AT T 2 KiE
AR, BERDERPEE, Sl X —K O A IV XIET)
EHERMEL, SKEEOE(LEDAFHEICERZEX, B
DOKHMRE R Z2T 5. = 2T, REVIHTT (L1, L2, L9
EHEWTE (71, 72, T3) \Z880) D 8 e OMRE L (P71
P9 IZBTDENT= RN X —OKEF MO %X 3 &K
41T L, ZORMAEMBEICERRS. ok, UpEWrm s
TR, UVEHEWT S () PRE, VITAEmRT T (D) FE, v
WERETE () R, KIEEN T RV —, u, [ EEEEE
ThDH. £z, Hilh T, BEERE XD ESTKEMIT

ENENERTUL LD TH 5.
- 0 010203040506070809 1 1.1
1 U/, Y/b=0.3
L .
I= =% = =i e = —
0s4F 5 i iHEE= 2 F S
+— — — T —T - I
4 -2 0 4
X/b
Y/6=0.7
== == = =% = =
os e S N———
e e = — ——T
-4 2 0 2 4
X/b
Y/b=13
B e e
= = =2 == = =
- = == = == = =
B === SEEEEEEEEEET = =X =
0 ‘ — r r
-4 2 0 2 4
X/b

Fig. 3 Velocity vectors (U/U, , V /U, ) in the typical
longitudinal cross-sections
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1. INTRODUCTION

Spur dykes are a kind of man-made hydraulic structure protruding from a river bank into a river
course. They alter the river flow in terms of both the magnitude and the direction, and are widely
used in the world for water and flood management (Zhang and Nakagawa, 2008). Historically, spur
dykes were made of natural materials such as rocks, woods and bamboos, although they have been
largely replaced by modern construction materials such as concretes in many alluvial rivers over
the decades. Traditional spur dykes are capable of controlling the river flow and sediment transport
with a relatively low cost by taking full uses of local resources and natural river energies. They are
considered as environmentally friendly technologies in river management and show a high potential
for further applications nowadays with the increasing of public environmental concerns.

In general, traditional spur dykes are developed with long histories and experiences by local people
and communities. A specific structure may be successfully implemented in a specific river, but the
applicability to other rivers rather than its origin is unknown due to limited scientific evidences on
its performance. There is a pressing demand for the clarification of the working principles of
traditional spur dykes. Moreover, failures of traditional spur dykes in flood seasons occurred in
many rivers such as the Jamuna River in Bangladesh and the Kizu River in western Japan, according
to the authors’ filed surveys in the past two decades. It is hence important to properly assess their
performances under flood conditions. In this study, the local turbulent flow structures around typical
traditional spur dykes are investigated under submerged flow conditions with experimental methods.
In particular, the three-dimensional mean flow structures and the turbulence characteristics, as well
as their implications on sediment transport are emphasized.

2. METHODOLOGY

A series of laboratory experiments were conducted in a straight tilting flume in the Ujigawa Open
Laboratory of Kyoto University (Fig.1). The flume is 9m in length, 50cm in width and 45c¢m in
depth, with an inlet tank attached upstream and a receiving reservoir downstream. The channel
slope is adjusted to 1/1000 and a model spur dyke is installed on the left side of the flume. Typical
traditional spur dykes under flood scenarios have been investigated, including a masonry spur dyke,
a gabion spur dyke, a pile-group dyke, a Bandal spur dyke and a crib spur dyke as shown in Fig.1.
The former three are commonly constructed in many rivers even nowadays, while the latter two are
relatively unique. The Bandal spur dyke is a kind of traditional spur dyke used mostly in the Indian
subcontinent for domestic navigation enhancement in low water periods. It physically appears as a
vertical screen mounted on a frame. The upper part of the Bandal is closed with bamboo thatch to
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divert flows to the mainstream, while the lower part is left open allowing flows to pass the structure
with reduced velocities. The Bandal spur dyke is effective not only in deepening navigation
channels but also in promoting sediment deposition along river banks (Zhang and Nakagawa, 2018).
The crib spur dyke has been used in Japan for channel stabilization since ancient times, placing on
riverbeds and consisting of logs and gabions (Tazumi et al, 2018). The logs are assembled in the
shape of a cone or a pyramid, and gabions are placed on the base of the crib as weights. The crib
spur dyke is called Seigyu in Japan and works well in many rivers, showing structural stability
against floods and morphological flexibility. The hydraulic conditions of the experiments are shown
in Tab.1. In the experiments, the water levels and the 3D velocity components in typical cross-
sections are measured with a point gauge and an electromagnetic velocimetry, respectively.

Instrument |

Spur dyke carriage
; |
45chr n 1‘: ‘I'H=7 — FlOW-
Ll
-~ r = A :
| Pump . . Valve
- (a) Side view
Upstream
Downstream tank
Reservoir 900cm
T2: X=5cm
T3: X=20cm Y aT1: X=-5cm
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o | Ia_sm;m et X : [[b=10cm Flow G | 3. \c7em
B - i L1: Y=3cm
Masonry Gabion Pile-group Bandal

Crib (b) Plan view
Figure 1: Photos and sketches of the experiment setup

Table 1: Hydraulic conditions

Flow discharge Channel Water depth | Flow velocity Reynolds Froude
0 (I/s) slope 1 h (cm) Us (cm/s) number Re | number Fr
15.9 1/1000 10.2 31.5 31,800 0.31

3. RESULTS AND DISCUSSIONS

The temporal mean velocity, the turbulence energy, the Reynolds stress and the local water surface
slope in all experimental cases were analyzed and compared with each other. As a result, the flow
acceleration, flow reduction and flow separation effects have been found in all spur dyke cases. In
general, it was found that the masonry spur dyke has the greatest effect on the mean flow and the
turbulence. The porosity of the gabion spur dyke and the pile-group, the bamboo thatch of the
Bandal spur dyke and the unique shape of the crib spur dyke play important roles in the hydraulic
functions of traditional spur dykes.

4. CONCLUSIONS

An experimental study was presented on the characteristics of the turbulent flow around different
traditional spur dykes. The common features and the uniqueness of each spur dyke are characterized.
The research work provides important information for the vitalization of traditional technology.
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