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Abstract : We studied the change process in the design parameters (conditions) of structural sections of vertical/
slope breakwaters in Korea over the long term based on an analytical review of the latest design recommendations.
This study found the following. 1) Design wave heights have increased gradually with the increase in the wave
height of deep sea waves. 2) The relative design wave height (H,,//) changed from 0.5 in the 1970s to 0.6~0.7
today. This means that design wave heights are overestimated compared with the water depth. 3) Before 1999, the
design water level was based on high water during an average spring tide, but this has been increased since 2000
because of additional consideration of anomalous sea levels. 4) Before 1999, the relative crest heights of the

investigated breakwaters was 0.6~0.7, but after 1999 this increased to a mean of 1.0 and maximum of 1.26.
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Table 1. Status of breakwaters in Korea in 2013

Total Completion (m) Under construction (m)
e (I])EOArt) L?E‘ng)th Mound  Caisson diss?;eitsisri)gri1 l:;,(icks Mound  Caisson diss(i:;;tsi?gn t:lv(icks
Port Trade 31 62,170(72.5%) 37,204 18,794 1,905 452 3,815 -
Coast 29 22,151(25.9%) 21,361 - - 790 -
Other 1 1,376(1.6%) - 1,076 300
Sum 61 85,697 79,264 6,433
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Fig. 1. Types of main breakwater structure (Ministry of Maritime
Affairs and Fisheries, 2014).
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Table 2. Comparison of the design parameters and relative crest height at eight major ports on the east coast
Design conditions . VZ(b-a)
. a -2
Port and structure Year H, H, Ty W Z(a) AZ(b) (m) (= h'/H,y) (m)
(m) (m) (sec) (DL,m) (@m) (m)
B.W 1937~1945 - 4.0 - (-)8.0 02 02 2.7 0.62 0
Mukho B.W rein. (1) 1957~1960 4.0 - - - - - - -
B.W rein. (2) 1976~1978 8.4 7.1 - (-)8.0 02 05 5.0 0.61 0.3
B.W rein. (3) 1983~1986 84 7.1 111 (-)8.0 02 05 5.0 0.61 0.3
North B.W 1974~1980 8.4 7.5 140 (-)18 036 036 55 0.7 0
Donghae B.W rein. (1) 1983~1986 84 7.5 140 (120 036 036 55 0.68 0
B.W rein. (2) 1988~1991 84 84 13.0 ()18 036 036 9.0 1.02 0
Hosan South B.W 2013 939 7.6 1214 (5290 037 1.00 9.0 1.05 0.63
Sadong B.W 2014~ 10.81 103 1384 (-27.0 044 121 140 1.24 0.77
Pohang new Inner B.W 1968~1973 54 40 120 (-)9.0 02 02 0.3 0.70 0
g Outer B.W 1974~ 82 50 120 (9140 039 039 60 112 0
Ulsan East B.W 1989~1991 9.0 6.7 13.0 (-)21.5 055 055 6.5 0.89 0
North B.W (1) 1997~2005 7.0 74 120 (-)20.5 025 025 7.5 0.98 0
North B.W (1) rein. 2006 865 98 125 (-)20.5 040 1.05 105 0.96 0.65
Yeongil-man North B.W (2-1) 2010~2012 9.1 80 129 (-)23.0 040 1.05 10.0 1.12 0.65
South B.W (1-1) 2011~ 865 7.0 13.0 (230 04 1.18 95 1.19 0.78
South B.W (1-2) 2011~ 865 7.0 1255 ()220 04 1.1I8 9.0 1.12 0.78
B.W (1-1) 1999~2003 7.9 6.02 15.0 200 056 1.05 7.0 0.99 0.49
South B.W (1) 2004~2008 7.9 6.5 110 (-)260 066 120 8.0 1.05 0.54
South B.W (2) 2004~2009 7.9 6.5 110 (-)260 0.66 120 85 1.12 0.54
Ulsan new North B.W (1) 2008~2011 1031 87 128 (-)20.0 0.66 136 9.1 0.89 0.70
North B.W (2) 2009~2012 1044 86 129 (-)20.0 0.66 136 95 0.95 0.70
North B.W (3) 2011~2014 1076 86 133 (-)20.0 0.66 136 10.0 1.00 0.70
South B.W (2-1) 2014~ 1253 11.1  14.1 (-)27.0 0.66 1.81 13.1 1.02 1.15

Note: rein. mean reinforcement of damaged breakwater (B.W), H, Deep sea wave height, H,; significant wave height, T, significant wave
period, 4’ water depth (=4 + AZ), Z High water ordinary spring tide (HWL), AZ Maximum deviation of the water level (DHWL), H.. crest
height (= crest- A).

Table 3. Comparison of the design parameters and relative crest height at four major ports on the south coast

Design conditions

h', a VZ(b-a)
Port and structure Year H, Hp T\s h Z(a) AZDb) (m) (=h'JH,) (m)
(m) (m) (sec) (DL,m) (m) (m)
North B.W 1919~1940 - 24 - (=100 (1.36) (1.36) 29  (0.65) 0
Gamcheon East B.W 1979~1985 847 58 120 (=)16.0 122 122 50 0.65 0
Gamcheon West B.W 1985~1991 10.0 58 120 (=)17.0 122 122 6.0 0.82 0
Jodo B.W 1986~1989 10.0 6.7 150 (-)23.0 1.50 150 6.0 0.67 0
Orykdo B.W 1987~1991 10.0 74 150 (-)22.0 1.5 1.50 6.0 0.61 0
Busan Orykdo B.W rein. (1) 2001~2004 10.0 74 150 (-)22.0 1.5 1.5 10.5 1.20 0
Gamcheon South B.W 2011~2013 13.66 12.1 1644 (9)19.0 144 211 112 0.75 0.67
Gamcheon Eest B.W. rein. ~ 2011~2013 13.66 103 1644 (-)16.0 144 211 9.5 0.72 0.67
Gamcheon West B.W. rein.  2011~2013 13.66 11.1 1644 (-)17.0 144 211 100 0.71 0.67
Jodo B.W rein. 2014~ 13.66 108 1643 (-)22.5 144 233 90 0.60 0.89
Orykdo B.W rein. (2) 2014~ 13.66 112 1643 (-)22.0 144 254 105 0.70 1.10
Jeju West B.W 2001~2008 7.0 73 110 (-)223 293 383 108 0.95 0.9
B.W 1993~2001 10.0 9.3 - (140 3.16 316 85 0.57 0
Seogwi-po  B.W rein. (1) 2002~2007 10.9 9.3 - (140 316 3.16 150 127 0
B.W rein. (2) 2013~ 10.8 110 149 (-)140 3.16 430 170 1.15 1.14
Gang-jeong South B.W 2008~ 1226 115 152 (-)22.7 316 404 180 1.21 0.88
19993 2] 73 FAF AlFA 2] W7ol gt AA - Al Al 50] 4 - ko] Wl s Ads] ke wake ¥
AR 9] AROE Seltetl e Z1E ok 4 87} 1QITKHong, 2015).
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Table 4. Comparison of the design parameters and relative crest height of three major ports on the west coast

Design conditions

h', a VZ(b-a
Port and structure Year H, Hs Tp 4 2@ AZb) (m)y  (=hIH,) (H(B )
(m ~ (m) (sec) (DL,m) (m) (m)
B.W 1979 7.1 47 120 (-)22.0 3.22 322 6.5 0.7 0
B.W 1984 7.2 7.0 12.0 (-)22.0 3.22 322 8.4 0.74 0
Gageodo B.W 1986 9.0 8.3 13.0 (-)22.0 3.64 3.64 10.0 0.76 0
B.W rein. 2001 8.9 8.3 13.0 (-)25.0 3.75 3.75 10.0 0.75 0
B.W rein. 2012 11.1 12.5 14.0 (-)32.0 2.82 3.50 13.5 0.8 0.68
B.W (1) 1998 7.6 6.5 - (-)18.0 3.32 332 8.0 0.72
Hongdo B.W rein. 2012~  10.1 8.2 - (-)18.0 3.36 4.28 11.5 0.88 0.92
B.W (2) rein. 2013~  11.85 9.6 13.85 (-)15.3 3.46 5.11 14.7 1.00 1.65
Saeman-geum B.W (1-1) 2012~ 6.48 39 1261 (-)19.5 741 8.56 13.5 1.26 1.15
& B.W (1-2) 2012~ 6.48 4.9 11.77 (-)15.5 741 8.46 12.5 0.82 1.05

() 3" reinforcement of 1986 year

2

Fig. 2. Change in the cross-section of the breakwaters at the port of Mukho.

(f) Plane view of Mukho port(2014year)
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Fig. 3. Change in the design wave height of the breakwaters at each
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Table 5. Dimensions and types of structures (cap concrete, parapet, caisson, and mound) used in breakwaters at major ports

Parapet Cap Caisson Mound
Length —_—
Year  Port and structure (m) Type (m) B ) concrete Pl N i c - w  Remark
ane shape it al e E
(m) (m) tpe P PP )
1919 Busan S. B.W 711 Block 70 70 - Ver. - - - Rubble 0.5 -
1935 Busan N. B.W 481 Block 70 70 - Ver. - - - Rubble 0.5 -
1937 Mukho B.W 893 Caisson 70 08 0.7  Ver Straight None - Rubble 05 -
1968 Pohang new N.BW 1922  Caisson 100 100 -  Ver  Juaieht None - Rubble 05 Bid
& B : g T (32347260 '
Pohang new Outer . Straight .
1974 N. B.W(D) 1,020 Caisson 14.0 140 - Ver. (1,5000) None - Rubble 0.5 Bid
Pohang new Outer .
1976 N. B.W(I) 830 Caisson 140 1.0 3.5 Nose - - - Rubble 0.5 -
1974 Donghae N.B.W 1480  Caisson 200 200 -  Ver (Sztrg% None - TP 5  Bid
1979  Gamcheon E.BW 500  Caisson 170 170 - Ve (Sztrg(l)%}g None - TP 32 Bid
1985 Gamcheon W.BW 650  Caisson 220 220 - Ve (Sf%%lg None - TP Bid
1986 Jodo B.W 700 Caisson 200 20 08 Ve Straight None - TP 4 Bd

(2,880t)
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Table 5. Continued

Parapet Cap Caisson Mound
Length _
Year  Port and structure (m) Type (m) B' )k concrete - " i c T w  Remark
ane shape it a 5
(m) (m) P i P @)
1987  OnkdoBW 1,004 Caisson 200 20 08  Ver (53“3?5%13 None - TP 4 Bid
. Straight .
1989 Ulsan E. BW 650 Caisson  19.0 40 4.0 Slope (3.0770) None - TTP 5 Bid
17 Yeonglman N-BW 5100 Cigson 190 190 - ver  omaight None - TP 5  Bid
) (1,727¢)
. TTP Straight .
2001 Jeju W. B.W (1) 505 Caisson 165 05 4.8 Nose (4,000 Ver. Slit A Close TTP 32 Proposal
. . Straight Curve

2001 Jeju W. BW (2) 920 Caisson 235 05 53 Nose (4,0000) Ver. Slit Close Block Proposal
2004 Ulsan new S. B.W (1) 1,000 TP 170 05 3.0 Slo Curve Ver. Slit A Close Sealock 80 Proposal

B : Caisson © Y Pe 49000) : PO

Ulsan new S. BW . Straight .
2004 ) 1,100 Caisson 157 1.0 3.5 Slope (5,2440) Ver. Slit AB Open Block 15 T/K
. Dimple Hexahedron . .

2009 Gangjeong W. B.W 300 Caisson 250 0.5 9.5 Dome (11,0000 Ver. Slit A Close Dimple 80 T/K

Slope  Projection

2009  Gangjeong S. BW 1,196 Caisson 320 05 13.0 Nose (15,000)

Ver. Slit AAB Open Block 30 T/K

Ulsan new . Straight .
2008 N. B.W (1) 550 Caisson  21.5 05 3.6 Nose (10,7130) Hor. Slit AB Open Block 15 Proposal
Honeycomb
Ulsan new N. BW . (10,380t)  Hor. Slit A,B
2009 ) 650 Caisson 21.8 0.5 5.0 Nose Cylindrical Hor. Skt Open Block 15 T/K
(4,320t)
2010 Yeonglman N-BW- ) o0 icson 180 10 50 Nose OV UMCYen n SlitAB Open Block 15 Proposal
@-1) (11,200t)
. Straight .
2011  Gamcheon S. B.W 350 Caisson  21.1 3.5 5.7 Slope Hor. Slit AAB Open Block 30 T/K
(8,300t)
p011 Yeongiman S.BW gy ison 122 15 12 Nose  OVAUNSVeN Lo St AB Open Block 20 TK
(1-1) (7,5001)
Yeongilman S. B.W . Oval uneven .
2011 (12) 500 Caisson 155 05 4.0 Nose (8,0000) Ver. Slit AB Open Block 30 T/K
Saemangeum B.W . Slope  Oval uneven .
2011 (1-1) 231 Caisson  11.6 0.5 3.0 Nose (4,629%) Ver. Slit AAB Open TTP 16 T/K
Saemangeum B.W . Slope  Oval uneven .
2011 (1-2) 434 Caisson 100 1.0 3.0 Nose (5,1000) Ver. Slit AB Open TTP 20 T/K
Ulsan new S. BW . Slope  Oval uneven .
2011 3) 1,000 Caisson 163 1.0 7.0 Nose (10,6231) Hor. Slit AAB Open Block 13 T/K
2012 HosanS.BW 1800 Caisson 182 05 28 Nose oemiciele HorSht o g 20 K
P : s s (9,1411) Ver. Slit ~ ~P¢
Caisson Straight . .
2013 Gageodo B.W 375 Reclamation 11.8 20 15  Ver (9,4920) Ver. Slit Open Cube 108  Bid
2013 Hongdo B.W 150  Caisson 244 10 80 Nose OV(E;I 3”6“(;?"“ Ver. Slit AB Open Block 12 TK
Ulsan new S. B.W . Slope  Oval uneven .
2014 @-1) 900 Caisson 228 10 9.1 Nose (11,3000) Hor. Slit AAB Open Block 20 T/K
2014  Sadong BW 640  Caisson 259 10 60 olope  Sweamline o gu a8 Open Block 30 TK

Nose (14,000t)

% A and B mean inside and outside of breakwater, respectively. B Width of composite breakwater, B’ Width of parapet, / height of parapet,
Ver. and Hor. mean vertical and horizontal type, respectively. 77K turnkey project.
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Fig. 11. Change in the parapet design conditions of composite
breakwaters at major ports in Korea.
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Table 6. Change in the cross-section types of caisson breakwaters at major ports and the causes of reinforcement

Port Length Development Reinforcement Cause of
(m) Year Type Year Type reinforcement
Mukho B.W 788 1937~1945 Caisson 1976~1986 ?TFB];’
Donghae B.W 1,480 1974~1980 Caisson 1988~1999 T.T.P
Yeongilman B.W 3,100 1997~2005 Caisson - T.T.P
Gamcheon East B.W 500 1979~1985 Caisson 2011~2013 Caisson Increasing of
Gamcheon West B.W 650 1985~1990 Caisson 20112013 Caisson SVZ‘;IZ i";gﬁf‘f;
Jodo B.W 700 1986~1989 Caisson - Sealock climate change
Orykdo B.W 1,004 1987~1991 Caisson - Sealock
Gageodo. B.W f;g 1979~2008 Rubble 2013~ g:;fzzﬁ
Seogwipo. B.W 452 2001~2007 Rubble 2013~ DOROS
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