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An Experimental Study on the Stability of Breakwater Head
by the Wave Directional Effects

Byung-Kyu SOHN*, Hong-Jin KIM* and Cheong-Ro Ryu*
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*Dept. of Ocean Engineering, Pukyong National University, Pusan 608-737, Korea

The aim of this study is to check the application criteria of the conventional techniques and clarify the effects of breaker depth,
seabed conditions on the stability in relation to the effects of uncertainty of storm duration and directional irregular waves, The typical
damage modes were divided by the direct wave force on the armor unit and by the local scouring around the toe of a breakwater
head by the model experiments. The destruction modes are defined, and some criteria on the damage modes and scouring/deposition
at the toe of a breakwater head in relating the wave-bottom-structural conditions can be checked using the multi-directonal irregular
wave generator system. According to the results, it is emphasized that the 3-D effects on the stability should be analyzed in the design
of multi-purpose/function coastal structures in consideration of the evaluation of spatial variation of damage modes and hydraulic
characteristics as well as the wave distribution along the structures.
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Table 1. Results and condition of permeability test

Grain size Densits' Porosity Permeability
(em; dso) (gfem? (%) (em/sec)
0.15 2.58 44 1.1

0.7 3.00 4583 6
1.05 2.90 43.30 7.46
135 2.80 44.00 9.09
171 2.82 44.10 10.64
2.23 270 43.30 12.53
2.95 293 45.80 14.52
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Table 2. The experimental conditions of breakwater models to
analyze the stability
Tems W, W. Sop  hflem)  Spectrum type Boltom siope
Scale B lg . .
(r0) 20 only build 1015 15 JONSWAP 1130

a TTP (2layers)

Uni-ditectional regular waves

Multi-directional irregular waves
Wave type  Hlem)  Tsec) ) Hialm) Tisled )
6~12  07~15 60,70,9, 110,120 62 12 70, 90, 110

Notes: W,, W, are the weight of armour unit of revetment, core
layer respectively, b, is the water depth at the toe of the
breakwater, H, H\; are the incident wave height, T, Tis
are the period of incident wave, f is the principal wave
direction, Smax is the spreading parameter. All models
are scaled with Froude criterion of similitude.
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Fig. 1. Failure mechanism around the breakwater head.

wAdez U £ Yk

AT A B AFAY st g Jole
520, RAE A2 (28)9 27929 oJF F, 27)
A X E glold fEA (E5)& gdzdx H3a 44 A%
Aol fo @ 5T MR WEes FeR Fy
(CERC, 1984). 9ut#Ql salge e 43 2o}

Number of stones removed
o ) — X
D(%) Number of stones with in active zone 100 G3)
aey AFRE 3NAe R HEAe s} wstete gololn
2 g 4% 2o AFEFFE FHO2 YA & P
gg gdede g5 o g g dEddA FAd &Y
%o Bz gt
Number of tetrapods removed
%)= X
D(%) Number of tetrapods with in active section 100 (4)
Maiwe % WS
2 d7dAE BF o3448 E s, U do=

0.18mm9 EHE o} &3} FH A Fig. 29 2o AFF F
A% dHoz 31 LA HARFY F& xFOE AT 9
NA o= 18T QC‘] gieke} ALaFo) ope, AFRY FY
o2 Y 2= o ]‘4 28 n 2y 2d8 20°
71&AAA AFS F2Ud BA4ste dFWAY $8E
aEd Aotk 7]5‘_—‘7’- *ﬂ%% 30° ZtAo2 AFEA (Sandy sur-
face measuring in strument, WHT-100, KENEK Co.) & o]-&3}¢]
Az3Hd. #45L 22544 (Doppler velocity meter, ADV
lab, NORTEK) & AH&3te] AFHF #4949 §4£4L AFa4Ath

gstghe AW EA s (Uni-directional regular wave) S} thi ek
723 (Multi-directional irregular wave)?l U2 Goda
(1985) 9] HHA#ANE ALt Az, vldstzdoz 488
FYsAoH, YARFE PR FHLR Yatse p=110°9
B=60°, 70°, 90°, 120°¢] H&FS APEFHAT =§ R} F7|
£ 0.7sec, 1.0sec, 12sec 2 1.5sec® 2127 AHE3IGE, U FE

=i}
X



DG ET G FaA AFRY FBA 715

a
a [s]
o
b oo ° a :
a OD ° a g’
o
a o ° DX F
o [e]
a o
(o]
a " °g O Velocity
%4 o o O Wave height
a Y
c °g A Scour
©n
w]
Section A-A’ K

Seaside

We=W,/2

4 movable bed dso=0-18m

H wave absorber (unit : m)”

[-
W: 3.5 (?43: 15>5: . 20° 2.2
g S ? a6Rs| 7
~a- Principal wave \ 3 *
LY direction : B Si 3 A

= A -

V)

wave height meter array 2\y
1 wave _absorber P
T jrl\': Wave
N T —————"717:30 ~—— 4
< 25 d

Fig. 2. Experimental apparatus of multi-directional irregular
wave-maker basin,
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Fig. 3. Effect on the stability of the breakwater head under the
directional regular waves.
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Fig. 5. Damage mode in related to the wave directionality at
the head (= Dug-12).

2

e ¥jzE A dEua gley, D=100%) WE 23
g AMZ v udd JArgte] g ET ofd g9 o7}
A 23T gtk o] TTP7} ol & - ol&o o3& g 2o
2 FZ2HA 259 AAFY WE 9oz Bddd, o
agel A HaA e AFAHLE YAt A T dFE =
NG AZA AEFH YA 6=20°9 9 SIdA= 239
Botgsidn gedd.

Fig. 4= B &g o AFHY fAEAS Tu9 F3)§
(D%) vt} SEEL Em— Napl 2 YERD Aot} o] Iy
A 71E AL ) (1984)9 23 QEFH T APATo)H, £xe
adqe] #3&g verd Aot o] TN 7T 2777
Ae EiAge dgAFe 43 o7t glon, AN H
7HA frodol & Aoz Addd g3g 9 oo ol 9
At B3 AYA AAAAERY TTPANE ] 238 Bergs
de AE ¢ F 9en, ol& stability number Nus® #3 X7
ByFAzA #ad 4 o =23 FA YAt E g8 E
veldts 29 7243 (Matsumi et al, 1994) 8 x5tz
Ao} tojele] Eitolu A¥NY o8 oo ¥ Frine ¥

F §7] Q7 388 #dg WY £ d

Fig. 5& &84 vlAe JYAA2A A4 H< surf similarity
parameter &9 AU Hp/hE HSAA WA AFHAA
dojR FIg 1% o3y ARZAM 27RAR/AE 42 vehl
Aed AZ YA A7 dEddn Bdd 4 o olE
THg) o AAFF BARF 2T HA>0.57F HE, AR
EA A Hol sBE AlEAY TTP7L € H & Lo &
g At Fo] 28ue spot@A T 2] coreFol EHUA HAL
o, o] d4HEe RHFo 2 AdtY coreFol ¥ WA FAH
o] A&d vtiel AHool utzt #A (D=100% A7)
o2& ZAL7t Botrh

kA A FRAE WatAlY WAL 458 19T
3t AtHAeY] 2HR F& (FEASE), Y dFo2
& ¥ TIPS core®: o] AMdo] vjF ] ol Ao T
HAA gt 53], AFEY F2HY FHL R A a9
TXHY 22X 927 QEA ofF YA AFS 72 ¢t

AFF FAHA RS Fr13tr] Y3 7128 g F4oE
HAY o) TAAFEE Fig 63 2ol FAHE3] A Fig 62
%, g3, 2%, F7ld gE #79 IFTHAA EXE veRd
Aoty Z+ a9 A AN (o) B9& (=D(%))E,
399 e AFRE AGARS 39 HEHY FNHY H
AEXE ehd Fold 2y oA FAE o]F2 Y
BH7F dojubA gL dgolx, Az e HFH #
¥ 390t $99 =7t Z& A%t 271898 JeEhun,
AR GolAEA a9 d2HAHE Yy Aol FHale &
A 2L Y-S Jel Y, YAtEe B3 wE %741
AAY FUAQY GAHEE g3 F ok AR =110
a)%t YA F p=70°% b)e YArG ) we s fX 9 7
27t dE 2S¢ 5 IZ, AR X e FEFHE YA
p=110°2 )% )9 2Y& wndoq 2793 HA% A9
FEIA7 U2 RS FAT 5 Uk a)9} )9 THAA S ol
g3 Frie ZAR #1 go] b Ao 27543 99
gre gFHst g AE & F Ak b )Y 2™AME
F717F AojA A ArRAge] Yoo ot g7} AL, 27 7
YR £33 W o]Fde AL B 4 Utk FYAAL A
Al Ao FETA o o} AlAYY Hutel] e 3
7h 34 dgde AL £ 57 o g g3 AL 55
oA AFEY e} ddo] EAe HHOLE JEyon
e AW FEG 997 AAHYY] Y] T v A, 77
o Hzte AMA F99 HAEAH wjFHY 7|25 A L
g A Aoz A4Hd.

Fig. 72 59 #8AAE 7tAe FFE JAtggo] o2
(8=60°, 90°, 120°) ZA$ol wigt ATE L AFHY HENY
FTHQ B9 E Jehd Aelth 7125 L& Fig 29 #1999
S Yy, A2% e F3 S0t HEAY RIE Fig
13 o] AA9 FEuo) &3t g3 A Hgte 4 73
a8 f B gRAE AT ZlxR AEd % A2 A
4% £ 9l

in e ku



SFH A ¢ WA AT A 717

100 o
- B0’ @
<
5 b0 E
O 4
20 100 . : .
0 a) B£=120" Hh=04. T=1sec
50 ! Wave Number = 7200 {]_]
. 3 . Direction = 280 deg
s z
) EH s : A @ 50 §
3 | g :
L @ :
B ER b 2w ’
-90 -0  -30 o 30 60 30 £
Direction () w7
te0 6 T Sector 8 Secton 7 Secton®  Sachon s Secton 4 Sacwon 3 wo 7 Srv n
w L_H=10.6cm S
; T=1 sgc . Area (Section)
D o - ﬁ =70 ®
e 0 P @ R ®
20 Fal l \'\\ %
= 7 L
b i i |
SCRETE T
L4 = W =04 = 1sec
Eal 1 sod- ! Wave Number = 7200
_g siads ‘: H al £ . Diraction = 250 deg
it i HL T g s :
M0 -60 30 0 30 60 a0 ¢ ol
Direction (U} E:
pave
100 o . T
H=13.5cm B =110 ol )
~ ¥ IT=158C Section B Secton 7 Becon B Secton s Section 4 Sectkon 3 Secton 2 Secyon 1
5 60 /‘/‘/\/W Area {Sechon)
e «0 )l 18 g S
20 o N -
0 L 2
faym ®©
P
5 b v 0
%, E aym 105 ’ ” T T
- avm =60° HJh =04, T=1sec
ol S C) B 60 SR . . Wave Number = 7200 |
-90 ~60 -30 0 30 60 ) g Direction = 220 deg
Direction (U) 2 oo
@
100 ;. . . 2 *®
H=129cm = o &
.. W0 |T=15 gec p=110 = 26 B -
R . " . A
- < L
(SR R P — e cie :
Terctior tion oction wchion 4 Geotian 4 Secpon 3 Seston 7 Seuben
20 Area {Section)
° Ser Fig. 7. Spatial distribution of the damaged pattern arou:nd tl})e
\ ou breakwater head (principal wave direction 5=120°, 90°,
) Ly 60°).
Tave:r
Pl
2N ARB LS RB AR A AN «l & — ] A
0 30 60 90 g Aoz wddch 281, gAEE g=120° 90°2 A5-Ae

Direction (U.) 27 #3947 g8 ved ddd FANEL A FAH3to,
AR p=60°Y B¢ole ARFAM 38 FH&] %ol
M Failure ( Initial ) @ Failure {1/2 stable time) deiten sale) o] a), b)SE o}F 28 UERT o
] Stable state [J Incident Direction (wave) ‘:;j}\]—ﬁ}—g] “ol'ﬁ}*gii’—]-(’ﬂ 9]3“ %qu“f %i‘%”—i?l I\i’%ﬁﬂ%ﬂ_i *3
Fig. 6. Spatial distribution of the damaged pattern around the zZtg},
breakwater head (principal wave direction f=70°, 110°).

N

J|ER MzZe 2752 E2EY
ol 1A o] AFE AL 2N LA Yo ne] o AW AY¥Ades F2EL wat z2¢ F4Y
v, AYEAS) run-up, run-downol &8t FFE 229 AN} & 79 RAFEE (steady stream) LEE AW 74 R AW



718

Aol Uddted A wRE RPstn, A9 o5
£ dolAdA Ag £& H33og waddtt (Fredsge and Sumer,
1997). Fig. 80M a)= F717} 1%, b)e 1229 AWt gte
2otk A Fe2 F77} AL Afde AFRY JxRE
wel Ado] AFHI w3de] HAHe ded HHE YHR
g a8x F717} 7 Fedle FAGERY 2EE g=20°90A
9 o] wddle AL B F gt AFEY FYoA Auz
€ FAHOE AEH H3Ho) ZA}R FEL HFHo
uwrgtste}, 7] 129 Z4o Ay AEe A% 2gdd £
d7ln Y AL B 4 A7, 1229 ALe 27 NWAAE
Azl Ho7l A HFsHE AL B F71 Aok
Fig. 95 %33 % #4398 §,,.=75¢ FEFA4E =
A AR 2R AZ9 BE EXHE HAEF Aol a), b)
9 1YL gAgeke) Zhz g=70°, 110°9 7 $-oltt, Atuko
e Al Ao AT F YAPLFOR o] B3 e AE a),
b)) 2HAA ¢ £ glon, WFde F2 HAHn o, o
GETATGe PFFF st W3 Ed 5P FHAA W F
W 4FE gAY AL B F7t sl ole ARaHEAN &
FE e JAZ 13 AN HFo] AE FAH 2 g
S YA o|gA LeH Bz e JaAFs] vg & FF/EAY

0.3
0.2
041
E,,, 0.0
<
0.1 1
0.2 1/ ——~—~ ghour
—-=-—- 12 hour
0.3 —— T v T T T —
-90 -60 -30 0 30 60 90
Direction {a)
0.3
b) ° H:9cm
0.2 | T:1.2sec
0.1
T o0
= Al
0.1 1 \
—&—— 3horu ) /-‘
Qe 6 hOur 1
027]| —»—- ghour ¢
—-=o-—- 12 hour
0.3 r T T T y v r
-90 -60 -30 0 30 60 20

Direction («)

Fig. 8. Spatial distribution of scouring depth under the uni-di-
rectional regular waves (f=110°),

0.3
0.2
0.1
z
S .
-:m 0.0 “o.
N/
041 —&—— 3hour v/
...... O 6 hour
0.2 4| -—-=-- 9hour
=== 12 hour
0.3 —— T — T — . —
-90 -60 -30 0 30 60 90
Direction (a)
0.3
0.2
0.1
E,,, 0.0 1§
£
-0.1 ‘¥.0
W —=e—— 3hour g’v/
........ ©-  § hour
0.2 1 ——-%-—- S hour
—+=v-—- 12 hour
0.3 T T — T — — T
-90 -60 -30 0 30 60 90

Direction (o)

Fig. 9. Spatial distribution of scouring depth under the multi-
directional irregular waves ($=70°, 110°),

2 FEAR A4 2 H5E WLAIID FA AU uD
sol A 2 Jl2% AEE wEEl B

HERe RE2%
AR Age FE3 9FF F2ERY F5FEoz A4
H 5Fd Aoz 2HY, 549 A EF AAEYY A
go) 93 7 F49 wg2 Fddd g AFE FI2e
£A3 7|28 AW Wy A 2steof v wFEY
& 28 3¢ 9¥AAZ 8 Fig 102 AFFE A8
Fol A AHE BEREY EXT. #59 X YA
€ G 4 F99Y FERY 72ES W3t di7 939
fréol gt Qe A& ¢ 57 A3, HEe ddx U
F Ao

o] Z@AA a), b) 22 olX BEFE YAste HEF
dais T2ES FUF A3 S FHUA 2HHe HdE B
o 7FxEC A3 FHEoR Eobvte ST TxEY ANE
Agste Aol A7 f&o] 433 2 RS £ w71 37 A
Hol Az vhatgto) o3 Udd S % Holy F2ES dYste
Bgo]l Bk =¥ € ATt ¥ Aoy, AARY &
&ude T2ES F39 AYste 4 vetm Hust



WA BT F BoA AFRY ARA 719

b) A= 120°

Fig. 10. Distribution of current field around the breakwater head.
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