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ABSTRACT

Climate change affects the safety of river revetments, especially those associated with external flooding. Research on slope reinforcement has
been actively conducted to enhance revetment safety. Recently, technologies for producing embankment blocks using recycled materials have
been developed. However, it is essential to analyze the impact of block shapes on the flow characteristics of exclusion zones for revetment
safety. Therefore, this study investigates the influence of revetment block shapes on the hydraulic characteristics of revetment surfaces through
3D numerical simulations. Three block shapes were proposed, and numerical analyses were performed by installing the blocks in an idealized
river channel. FLOW-3D was used for the 3D numerical simulations, and the variations in maximum flow velocity, bed velocity beneath the
revetment, and maximum shear stress were analyzed based on the shapes of the revetment blocks. The results indicate that for irregularly sized
and spaced revetment blocks, such as the natural stone-type vegetation block (Block A), when connected to the revetment in an irregular man-
ner, the changes in flow velocity in the revetment installation zone are more significant than those for Blocks B and C. It is anticipated that consi-
dering the topographical characteristics of rivers in the future will enable the design of revetment blocks with practical applicability in the field.
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Table 1. River disasters caused by abnormal climate conditions (losses unit: 10° won)

Category 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020 Total
Num. 1,019 98 304 194 3 70 151 14 7 1,299 3,289

Stream Losses 87,176 6,820 17,635 61,909 44 1,537 15308 10,704 61 183,889 385,083
Num. 2,124 262 594 300 7 140 377 391 16 2,122 6,333

Brook Losses 67,147 5,858 23,762 11,229 48 1,835 14,612 7,022 480 137,016 269,009
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Table 2. Condition of numerical simulation

Case Velocity (m/s) Area (m?) Discharge (m*/s)
1 2.0 16.24
8.12
2 6.0 48.72

Table 3. Condition of blocks

Case Block A Block B Block C

Shape
Block
Characteristics Natural stone tvpe Interlocking between blocks Interlocking between blocks
P (no separate connection) (connected with I-shaped bolts)
Size WI1,000 x L1,000 x H200 mm ~ W1,000 x L1,000 x HIS0 mm  W1,000 x L1,000 x HI50 mm
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FLOW-3D 53 915} 51 3 B50] 9412 Fig. 29} o] TsIc Shte ol thilg 71202 %4H1/709] o
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2 Table 49} 217, 17 Zl(Roughness height)< 275t0] Fofstelrt. st 5.5 A2 E5 2] JF-S 2lIst| Slst
o] B2 47 1 SEHES 4 SASIITE 1 5 FUT SAh 2710l 7 B2 AT 5 SEHAS st

(a) Block A (b) Block B (c) Block C
Fig. 2. Set up of numerical simulation
Table 4. Boundary condition of numerical simulation
N Block Upstream Downstream
ase
type Discharge (m’/s) Water level (EL.m) Roughness height (m)
1-N -
1-A Block A
16.24 2.1767
1-B Block B
1-C Block C
2.4
2-N -
2-A Block A
43.72 0.0028
2-B Block B

2-C Block C
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Fig. 3. Results of numerical simulation (Case 1-N)
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(d) Velocity distribution at the bottom of revetment (m/s)

Fig. 4. Results of numerical simulation (Case 2-N)
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Table 5. Results of numerical simulation

Case 1 (16.24 m/s)

Category
Case 1-N Case 1-A Case 1-B Case 1-C
Maximum velocity (m/s) 439 4.32 431 432
Bottom velocity (m/s) 0.40 1.80 241 2.55
Maximum shear stress (N/m?) 80.0 83.6 81.9 72.3
Turbulent energy 0.548 0.726 0.457 0.886
Case 2 (48.72 m’/s)
Category
Case 2-N Case 2-A Case 2-B Case 2-C
Maximum velocity (m/s) 6.69 7.13 7.06 6.65
Bottom velocity (m/s) 4.19 2.90 4.11 4.52
Maximum shear stress (N/m?) 1,593 261 335 318
Turbulent energy 0.242 0.567 0.308 0.449
velocity magnitude contours velocity at 1.000E-02 above bottom contours

0.01 0.44 0.86 1.28 170 213 255
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Y Y

(c) Turbulent energy (m%/s?) (d) Velocity distribution at the bottom of revetment (m/s)

Fig. 5. Results of numerical simulation (Case 1-C)
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Fig. 6. Results of numerical simulation (Case 2-C)
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