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ABSTRACT

‘Wave runup is one of the most important factors affecting the design of coastal structure exposed to wave attack. In this study, two
dimensional laboratory tests were conducted under the different random wave conditions and structure configurations to develop a
formula to predict runup heights. Rubble-mound structure consisted of tetrapod armour blocks with 1:1.5 and 1:2 slopes. The relative
water depths (the ratio of the significant wave height to water depth at the toe) ranged from 0.14 to 0.56. The formula proposed here
is applicable to surf similarity parameter ranging from 2 to 6. Runup heights on 1:2 slope were higher than those on 1:1.5 slope. Runup
heights were reduced by 5% when the armour layer thickness increased two times.
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Fig. 1. Experimental Facilities
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Fig. 2. Schematic Sketch of Model Structure

Table 1. Experiment Conditions

) . Target Incident Waves
Nominal Length | Slope | Armour Layer Thickness — - — - Water Depth at the Toe of
(D, cm) (cotB) (A, cm) Significant Wave Period | Significant Wave Height Structure (d,, cm)
(7,4, sec) (A, ,,cm)
9.3 2.0 192 |36 1232 40, 55,70
' ' ' (AT, ,=0.3) (AH, ;=4) T
9.3,109 1.5 iz 1536 12-36 40, 55,70, 85
o ’ (19.24+22) (AT, ,=0.3) (AH, =4) T
03.109 20 412 1.5~3.6 12~32 55
e : (19.2+22) (AT, ,=0.3) (AH, ,=4)
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Fig. 3. Relative Wave Runup Heights in front of the Structure with cot3=2.0
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Fig. 3. Relative Wave Runup Heights in front of the Structure with cot3=2.0 (Continue)

Table 2. Coefficients for Runup Levels to be used in Eq.(1)

Runup H,,/d,=0.45~0.56 H,,/d,=0.36~0.45 H,,/d,=0.27~0.36 H,,/d,=0.14~0.27
Level A B A B A B A B
R, o 1.65 0.65 1.65 0.65 1.65 0.65 2.40 0.24
R, 1.53 0.65 1.53 0.65 1.63 0.58 218 0.24
R, 5 1.48 0.65 1.48 0.65 1.58 0.56 2.10 0.21
R, a0 1.40 0.65 1.40 0.65 147 0.53 1.91 0.20
R, 133 0.65 1.26 0.65 137 0.50 1.72 0.20
R, 1.16 0.64 1.07 0.61 1.18 0.42 1.34 0.19
R, omn 0.94 0.45 0.83 0.40 0.90 0.22 0.92 0.09
range 20=<¢, 5.0 20<¢, =55 20=<¢, 6.0 20<¢, 6.0

7] wie] 7P F 7 K fictitious wave steepness)2} & 5= Itk
Lee and Bae (2015)01)] 2483 #48a} o] 728 A1k
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Aatdet 71 H, ,/d,(FHD)E T35 Adtel|Ae] fojvfar

o} 541e] W2 ], /d,7} Ache e 59 SalzziolN

AeEwolE R

u,max?

.
Ru«,l%’ RU«,Z%’ Rit«,l/QU’ RuAl/lﬂ’ Ru,1/3’ Ru,meani:r%—r:s]‘o:] E/\]

Vol.35 No.5 October 2015 1055



TTPE Sj=E FAATER] 4ol A

& ZoIh Fig. 3% R, o/ H,,8 B7HE BAF 2lo.24]
cotf=1.5 Z713= ge] HD=0.27-0.56 <)o) A&7} sht
o] AR FAME FF UFS HoFral vk 5, 7EE A9
oxe] Adigtar) AvjEls ApR AL dutE sl XeEE
ole] Wish= Z4] fth= Zl& n|Rit Fig. 3(b)~(d)= 212t
Ru&%/]{s,t’ Ru,Q%/]{s,t ‘g'l RuAl/QU/EIs«,t éﬂl—% —1‘:—/\]@' 7/‘]\%}\‘1
HD=0.36~0.56, HD=0.27~0.36 & HD=0.14~0.27 2 -5-5}]
3|AE FARIACE R, 10/ H, 1St R, 0,/ H, 2] 7850l Fig.
3(a)9} o] HD=0.27~0.56 H]o] thef shte] 3]9xjo 2w
F3o] 7FssRIANRE & Alie AR w1 A0l 4
o] AXNE 9Jal o]E FEBI3ITE van der Meer and Stam (1992)9]]
A =X R, 0/ H, 9] HEETE AR ) AeER0lE
HD (=4, ,/d,) T4 §lo] shfe] xR BARIlom, et
5 5k 32 FRlel] RSl TY A Hegse] 20
B 729 Fig. 3(c)olx= HD=0.14~027 U A|2JsPA sl
AN g F83 4= 9tk van der Meer and Stam (1992)2]
el A-ed shgzde] s AAEe] YA Hol £
Fre] BAolx] A8t H, ,/d, HSIE ] ofeds] Al
= ofEe Aelck e cot3=2.0 Z71e] i3k HD=0.27~0.56
Helo] Al 2] 9 E0)E= Lee and Bae (2015)2] Z#R] cotf=1.5
Q1 2] mlaf wAbo] 2tk S, AR} SRS AR
Aef AR sl AHegzelel WIxk= A, ,/d, o] FFE 2ol
Ao dpdect el ¢ 7h AolGE H, /d,©) 0] Aokt
o Qlek 5 TRV A,/ d, ol T2 23 29E%0]
o] Aol FolE okt olEfet ARLE R, .../H, 7t
Ry, ean! H, ol V18 S5 VR, ofi= sRZAPE 2 S
(&= H,,/d7} & B9)ole Bt2a AR F auleiidio

T A wlE] dubdo s Qlsl vehs ddelet whd
o} 2 dAqelxle Aduimial MelE RIR TREste] AakE AlA

At

> i

6.0

——HD = 0.45~0.56 ($=1:2.0) ——HD =0.36~0.45 (5=1:2.0)
----- HD = 0.27~0.36 (5=1:2.0) = =-HD = 0.14~0.27 ($=1:2.0)
o HD = 0.45~0.56 (S=1:1.5) o HD =0.36~0.45 (S=1:1.5)

50 5 HD=0.27~0.36 (S=1:1.5) =0.14~0.27 (S=1:1.5)

0.0

1.0 2.0 3.0 4.0 5.0 6.0 7.0

¢
Sos

(@ Resultsof B, . /H ,

Ssiom, sl WelTEe JednE 1 % BEY 4
Sl Aele AR

w3 A 0 2 Ak A, /d,)7} 2855 A9 Fxol}
2P Vb o 5 glom, Akt 2che S siee] ud
o] Ao Aehe 2k olrlsic tigstel BB el 4
O Qs Aol AHg3R= shege] S Ho} HAATERS
Bhr Ao =i shafo] sjEEat AP0 we] FAErt 57}
Sl riplar) 2 AR} Aegol/ ashe Ao Wk
A},

B Qo A8 Ae BirHhe Agsiel] wi]
Rt M trihe felskis A 2do] EAlsie, ol
& 220 N FARE A B E0lE Hol Zlolt &
Qe A Sale] 2 dy RO Al g
o Zeb) AETHE SIS 1/509] SPABAAS ket
AsfshaA 3k z2710) Aol Adsg Aob By
= slgick ofelt b 2 Awalol v Ao ek
2§ ook 2o QAste] TPt 2715 Ao ]

A So= Qlsy Wifmlzzie] e Aegwolsh fARE Ak
Hol= Ao Azher).

Fig. 3¢ =A1El 298 o}83}e] Eq. (13 2& Fele] 205
0] AE ANIBLA} Bh, AlG: ASh B Table 20 AATS}
STk B3 Eq. (DOl a = spEe] 7ol ozt JaAlreA
2% =] A9 a=1o|c}

R,/ H,, = a A& )

Fig. 45 £ aA7to|x 4383 cotf=2.02] ZA3}e} Lee and
Bae (2015)9] cotf=1.59] 3|2 AHE Hlal EAJgH Aojth

6.0

——HD = 0.45~0.56 ($=1:2.0) ——HD =0.36~0.45 (5=1:2.0)
----- HD = 0.27~0.36 (5=1:2.0) = =-HD = 0.14~027 ($=1:2.0)

o HD = 045~0.56(S=1:15) o HD=036~0.45 (S=1:15)
50 % HD=027<036 (S=T:15) & HD=0.14~0.27 (S=1:15)

4.0

Ru,l% / Hs,t
S

2.0

1.0

0.0

1.0 20 3.0 4.0 5.0 6.0 7.0

¢
<os

(b) Results of B, ., /H,,

Fig. 4. Comparison of Relative Wave Runup Heights on the Different Front Slopes

1056 Journal of the Korean Society of Civil Engineers



=
olF - wjd=
60 ——HD = 0.45~0.56 (5=1:2.0) =—HD = 0.36~045 (5=1:2.0) . ——HD = 0.45~0.56 (S=1:2.0) e HD = 0.36~0.45 ($=1:2.0)
----- HD = 0.27~0.36 (S=1:2.0) = =<HD = 0.14~027 ($=1:2.0) -----HD = 0.27~0.36 (S=1:2.0) == <HD = 0.14~0.27 ($=1:2.0)
o HD=0.45~0.56 (S=1:1.5) o HD=0.36~0.45 (S=1:1.5) o HD=0.45~0.56 (S=1:1.5) o HD=0.36~0.45 (S=1:15)
5.0 & HD=027~036 (5=1:15) & HD=0.14~027 (S=1:15) 5.0 & HD=027~036 (5=1:15) & HD=0.14~027 (S=1:15)
4.0 4.0
& <
E 3.0 8 3.0
o i~
2.0 2.0
1.0 1.0
0.0 0.0
1.0 2.0 3.0 4.0 5.0 6.0 7.0 10 2.0 3.0 4.0 5.0 6.0 7.0
Eos Eos
(c)Results of R, ,,/H, , (d)Results of R, 0/ H, ,
. ——HD =0.45~0.56 (5=1:2.0) ===HD = 0.36~0.45 (5=1:2.0) A ——HD = 0.45~0.56 (5=1:2.0) w==HD = 0.36~0.45 ($=1:2.0)
----- HD =0.27~0.36 (S=1:2.0) ==<HD =0.14~0.27 (5=1:2.0) -----HD = 0.27~0.36 (5=1:2.0) = =<HD = 0.14~0.27 ($=1:2.0)
o HD=0.45~0.56 (S=1:1.5) o HD=0.36~0.45 (5=1:1.5) o HD=0.45~0.56 (S=1:1.5) o HD=0.36~0.45 (S=1:15)
40 s HD=0.27~0.36 (S=1:1.5) o HD=0.14~0.27 (S=1:1.5) s HD=027~0.36 (S=1:15) ° HD=0.14~0.27 (S=1:15)
3.0
3.0 -
T i
3 20 |
< 20 =
1.0
1.0
0.0 0.0
1.0 2.0 3.0 4.0 5.0 6.0 7.0 1.0 2.0 3.0 4.0 5.0 6.0 7.0
Eos Eos
(e) Results of B, o/ H, , (f) Results of R, |,/ H, ,
Fig. 4. Comparison of Relative Wave Runup Heights on the Different Front Slopes (Continue)
[e] A O = = = 57 = = [e) o
Y H,,/d, ZRH 71871 Ao 2 FARARE cot3=2.0 A2 7 ANe] AR 24 B FEZ0] AR ATt

o] A7} cotf=1.59] BJs] O R FL M FEolE Bk
APHZAZE S 7350 B} 22 A E%0lE Hole A
AukAS) EFO A cotf=2.02] A7} cotf=1.59) H]al AAZ
O F °F30~50% g% ] A UERith et 2 dqtelxiEtt
A}Wéw} O bRtk APl o] dut So = s

A QF0le] SV W] ¥& Zlo g wdkdrt

42 DS S| HE

B Qo vjEge) ) Sl ne e HEele] AU
She AuHow ARslitk A4F wle} o] TTP7} 25 3
4% S5 498 o son, 4% 9% 249 W53

A 2% w8zl s oF 2ujelt) 4% ME-S dho
gk A x1L Table 12 328 4 Atk

23z} cotf3=1.5¢} cot3=2.09] gl w]E=
A A Blal mARE Ao 24 129} LAw 77} 25 955
4% w2 278 gujgich Teln
oJujsh, =102

He|ol|A] iT runup levels

Ryl Hey B2 Ryl H & IRk

R R A0 EEo)E HYS & 4 Utk A= ¢, 7}
2ks woll= HEFe] ARG &3t A AL &, 7 SR
FE IES FAY TR A HeFEe] A} Tl
UeRdt). &, S8 P 2 Aol A Abde] skl
FER)7| wfizel] FAEoR 3l 7 Sl wE &) 2R
v, SRAPE 2R Afole AFERE Bl SRk 3t 35S
Alo|2 KT} @o| JFEY] wliZel] AQFole] THavt FEiskAl
Ueht= Alojrk. HAA o= AFABAL cotf=1.5¢] 73, HD=
0.27~0.56 ZAIME L4zt L29] vls] - oF 5%, HD=
0.14~0.27 Z=Z0ME oF 6% A= HF=o7t 2H #4130tk
APHZAL cot3=2.02] 73S, Ao & HD=0.45~0.56 27144
= L47} L29] BJ3)] <F 4%, HD=0.36~0.45 Z71A= <F 6%,
HD=0.27~0.36 Z71o|X = <F 5%, HD=0.14~0.27 Z71oA =
oF 4% AL Hegolt 2 FAEITE Hast AtEE
ZA) Ftal B, DEZe] FAV} 24 718 el oF 5%9]
AFEI} e Ao vERiTE: wghA 2 delxlE Eq. (1)
A A Fzo] 2FgAA m5Ze] T e Al (o)

Vol.35 No.5 October 2015 1057



TTPZ v|&5H FAF2E0 A eF5zo] APgA: APHAAL 8l wjEg = &)

a=0952 AL3} 718 AokslaA} stk & mEZo] T Z)o
mE 2 2E0] AL Eq. (Dol a=0.95% thsjela, 75
A8} B= Table 20]) AAE 22 w2z Aghe Eols)
AREsHE Hth

2

5.0

4.0

Ru,\% / HS,‘

2.0

1.0

0.0

5.0

4.0

3.0

Ry / He

20

5.0

4.0

Ryjios / Hse
w
g

2.0

1058

Ar-ellM= TTP 9)E52] 7] Sojdl] me A L5501

AEe T oF S% A vebdeh el oleet Az
Asfage) A7} Belah clek st BEFe) vt
o) Z7RITR e AR AW 20 % g of
28 A= F7RITRE 2 ljs] W] 26kl st
oz ols) ojee 1rh o el A7k Lo Bekw, ol

0i=2(L2) @i=2(L4) Di=5(L2) Mi=5(L4) ©i=10(L2) *i=10(L4) ai=33(L2) Ai=33(L4)

4.0

" 3.0
E
N
£
5
o
2.0
1.0
HD = 0.36~0.45
0.0
20 3.0 4.0 5.0 6.0 7.0 8.0
€os
(b) Results of HD=0.36~0.45
5.0
0i=2(L2) @i=2(L4) Oi=5(L2) mi=5(L4) 0i=10(L2) *i=10(L4) Ai=33(L2) ai=33(L4)
4.0
o 3.0 o
¥
=
as
5
o
2.0
1.0
0.0
2.0 3.0 4.0 5.0 6.0 7.0 8.0

Cos

(d) Results of HD=0.14~0.27

Fig. 5. Comparison of Relative Wave Runup Heights on the Different Armour Layer Thickness (cot5=1.5)

0i=2(L2) @i=2(L4) Di=5(L2) Mi=5(L4) 0i=10(L2) #i=10(L4) Ai=33(L2) Ai=33(L4)
20 3.0 4.0 5.0 6.0 7.0 8.0
os
(a) Results of HD=0.45~0.56
0i=2(L2) @i=2(L4) Di=5(L2) Wi=5(L4) ©i=10(L2) #i=10(L4) Ai=33(L2) Ai=33(L4)
) o
2.0 3.0 4.0 5.0 6.0 7.0 8.0
fos
(c) Results of HD=0.27~0.36
0i=2(L2) ®i=2(L4) Di=5(L2) mi=5(L4) 0i=10(L2) *i=10(L4) Ai=33(L2) Ai=33(L4)
°

5.0
0i=2(L2) @i=2(L4) Di=5(L2) Mi=5(L4) ©i=10(L2) *i=10(L4) Ai=33(L2) Ai=33(L4)
o
40 |
&
~ 30
£
5
o
2.0
HD =036~0.45
10
10 2.0 3.0 4.0 5.0 6.0 7.0

os

(b) Results of HD=0.36~0.45

Fig. 6. Comparison of Relative Wave Runup Heights on the Different Armour Layer Thickness (cot3=2.0)

1.0 2.0 3.0 4.0 5.0 6.0
Eos
(a) Results of HD=0.45~0.56
Journal of the Korean Society of Civil Engineers



ol - wjd=

0i=2(L2) ©i=2(L4) Di=5(L2) Mi=5(L4) ©i=10(L2) +i=10(L4) Ai=33(L2) Ai=33(L4)

4.0

Ru‘i% / Hs‘t
s

HD =0.27~0.36

1.0 2.0 3.0 4.0 5.0 6.0 7.0

(c) Results of HD=0.27~0.36

0i=2(L2) ®i=2(L4) Di=5(L2) Mi=5(L4) ©i=10(L2) +i=10(L4) ai=33(L2) ai=33(L4)

4.0

HD =0.14~0.27

1.0 2.0 3.0 4.0 5.0 6.0 7.0

(d) Results of HD=0.14~0.27

Fig. 6. Comparison of Relative Wave Runup Heights on the Different Armour Layer Thickness (cot3=2.0) (Continue)

et A7t dagh dgelok

5.2

T

2 AT TIPR wjse AFAAL 1200] AAATEES
ho 2 Hogrel e 234l AEE AL F AT
APAE AL, T FAFN e AL o))
ARkastol ol Ao sk S ArAnE ok
W ohet 2k

(1) 2 7o AEA 12,091 TTP 313 AAH7E)
A EOIE AT i AFEAE AIoR, AR
A} 1:15 2708} H O BE0l7} 30-50% B9l 7K
o 5 QIgick Tela Ak AP PEE Aol
Aol T AR ) WS ST =Y T
AR HEsE welF Y= sk

Q) 7k ARAPERS B ST 7l S15E el F7h

S

]

Lo
it
)
)
12
)
=
)
et
2
_}.I|_|‘
to
i}
s
e
rlr
o,
o
> }ﬂ.l —‘N

A o2 HEEIY & A7elx 3%
WollM ApaRALel whe ARFETR= FARSIAl Rtttk
() & oA AR A SESeR FaESSS
ARgBR= 223100 sfget, ol AR} AX age]
ZANEES] AFE= Aol sdErt & = Ak =
gt 2 ofgd A7 s(MOF, 2014)9= TTP uj&- ZA}

AEEe] ik A eFwo] Abgae] BAIG Ao e &

AraTR= A &8N T S Ao s Ak

B A7 AT EEY AeEEe] PgE % ATl
B2 5| St whE A QF0le] AYEIR= oF S%E
A it e wES A S0 whe ek ARktaTe
B} o A Uebd Ao dpddrt o wiEEe] FAVE St
Al =, HAEIRE ] AT 3% L] whtel dukg
Solr= Agkaapt Bt 93t 1o g ek, 35 A1
A FEARS S A el

gl =

B =5l dre|dulelrlexlsde] At A E:
20110131) 2 20149% BF (=2 Ao =2 d=
Aol A|d-g o} =8 ¥ A5H(No. 2011-0030040)0],
SH] Aol TAR=HU T

References

Lee, J. I. and Bae, 1. R. (2015). “Empirical formula for wave runup
of rubble-mound structure covered by tetrapods: 1:1.5 Slope
Condition.” Journal of the Korean Society of Civil Engineers,
Vol. 35, No. 4 (in Press).

Ministry of Oceans and Fisheries (2014). Design standard for harbor
and fishery port (in Korean).

U.S. Army Corps of Engineers (USACE) (2005). Coastal Engineering
Manual Available at: http://chl.erdc.usace.army.mil/cem.

van der Meer and Stam, C. L. (1992). “Wave runup on smooth and
rock slopes of coastal structure.” Journal of Waterway, Port,
Coastal, and Ocean Eng., ASCE, Vol. 118, No. 5, pp. 534-550.

Vol.35 No.5 October 2015 1059





