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Stability Number of Additionally Placed Armor Unit (Tetrapod) Covered

on Existing Two-Layered Tetrapod Rubble Mound Structures:
Pattern Placing Condition
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Abstract : Since the aging of coastal structures have been increased, the researches about the reinforcements of
the existing aged structures are needed. Especially, the existing armor units placed on rubble mound structures
should satisfy the stability against the increased design wave conditions. However the researches about these
design problems have not been performed. In this study, the hydraulic model tests to investigate the stability num-
ber about the additionally placed armor unit were conducted. The main armor unit is a Tetrapod. The test results
showed that the stability number (K,) for additionally placed armor units(Tetrapod) increased up to maximum 10%
comparing with that for 2 layers tetrapod (K, = 8) within these test conditions with the pattern placing for existing
armor layers and the stable armor layer slope for the non overtopping condition.

Keywords : rubble mound structure, armor unit, stability number, hydraulic model test, Tetrapod, additional placing
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Table 1. Design examples for additional placement of concrete armour unit on existing armor layer

Type 1

Type 2

Typical
cross section

Daebyeon port etc.

Yeoseo port etc

Busan New Port etc

CASES
4 cases 10 cases 3 cases
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Fig. 1. Schematic sketch of wave flume.
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Table 2. Test wave and freeboard conditions of experiments

Parameter Properties

T, arger (5) 1.7, 2.0, 2.26, 2.54
H, jarger () 0.09~0.20 (AHg= 0.05 m)
hy (m) 0.5

& hy=0.5m 2315 2833 o AdelM A4
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Fig. 2. Wave spectrum samples.

Table 3. Schematic sketch for test cases
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Condition

Case

Non-overtopping
condition

Filter layer 12g
(thickness=0.03m)

Core
Dns0=0.012m

Rc=0.5m

d=0.5m

(a) Two layers Tetrapod (CO)

Core

Filter layer 12g
(thickness=0.03m)

Dns0=0.012m

(b) Additional two layers Tetrapod, total 4 layers (CO-1,

Rc=0.5m
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Table 3. Continued
Condition Case
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Table 4. Summaries of test cases

0|32l

Photo
CASE Co CO-1 Co0-2
Relative crest
height, R 4.7 4.7 4.7
No. of layer 2 layer, W 4 layer, W+ W 4 layer, W +2W
Overtopping condition
Photo
CASE Cl1 C2 C3
Relative crest
height, R 1.9 1.1 1.0
+ +
No. of layer W +2W (2 +2 layer) W +2W (2 +2 layer) (n?emifyv gacez ifycergst)
Photo < | s
CASE Cc4 C4-1
Relative crest
height, R 0.8 0.8 1.2
W +2W (2 +2 layer)
+ + + +
No. of layer W+2W (2+2 layer) (inverted triangular empty W+2W (2 +2 layer)

(no empty space in crest)

. no empty space in crest
space in crest) ( PLy sp )
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Table 5. Test results for non-overtopping conditions (V,,= 0.3)

HLERREE el F7h AN SR EIERES ) A

CASE T:S' (S) HS. measured (Cm) KD Nr
1.7 10.6 7.8 2.26
Co 2 10.6 7.8 2.26
W) 226 10.8 8.2 231
2.5 10.9 8.4 233
1.7 10.6 7.7 225
C0-1 2 10.7 7.9 228
(W+W) 226 10.8 8.2 231
2.5 10.9 8.4 233
1.7 132 7.8 2.26
C0-2 2 13.4 8.1 2.29
(W +2W) 226 13.5 83 231
2.5 13.8 8.9 2.36
5.0
— —Van der Meer(Nod=0)
45 = =van der Meer(Nod=0.5)
—s—Ns for 2 layers TTP, non-overtopping (C0)
4.0 % Ns for total 4layers TTP, non-overtopping (C0-1, C0-2)
\ — —Reg. line for 4-layer TTP
35 N S~
QH T ~
<30 S~aa
~  TT=eal
- .\  TT=--- --
25 <
S B ol " ¥
20 [\:(2_38',220t<1=1.5; Tl --
15
H,/AD,= 1.9250051
1.0
0 0.01 0.02 0.03 0.04 0.05

Wave steepness, s

Fig. 3. Stability number for NON-overtopping conditions (CO0, CO-
1 and CO0-2, N,=0.3).
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3.0

A C1 (Wup/down=2, WO)
0OC2 (Wup/down=2, WO)
0 C3 (Wup/down=2, WO)

2.8

Cc2
WO: wave overtopping condition

=2.6

HJ/AD

Ns=2.29
2.2 | (Kd=8, cota=1.5)

2.0

0.02 0.03 0.04 0.05
Wave steepness, s

Fig. 4. Stability number for overtopping conditions (C1, C2 and

C3, N,,=0.3).
3.0
0C3 (Wup/down=2, WO)
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€4-1 (Wup/down=2, WO)
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<
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Iny
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Fig. 5. Stability number for overtopping conditions (C3, C4, C4-1
and C5, N,,=0.3).



522 7lejen

Table 6. Test results for overtopping conditions (V,, = 0.3)

CASE YVS (S) HSI measured (Cm) KD Nr

1.7 13.0 74 222

cl 2 134 8.1 2.29
2.26 13.9 9.1 2.38

2.5 14.0 9.3 2.39

1.7 129 7.2 2.21

o 2 13.7 8.7 2.34
2.26 13.8 8.9 2.36

2.5 14.2 9.7 243

1.7 13.1 7.6 2.24

3 2 13.6 8.5 2.32
2.26 13.8 8.9 2.36

2.5 14.1 9.5 241

1.7 129 7.2 2.21

ca 2 134 8.1 2.29
2.26 13.7 8.7 2.34

2.5 14.0 9.3 2.39

1.7 12.8 7.1 2.19

2 13.1 7.6 2.24

Ca-1 226 133 79 227
2.5 13.5 83 2.31

1.7 13.0 74 222

Cs 2 13.5 83 2.31
2.26 13.8 8.9 2.36

2.5 14.1 9.5 2.41
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