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Uplift Pressure Acting on Crown Wall of Rubble-Mound Structure
under Irregular Wave Conditions: Non-breaking Conditions
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Abstract : Domestic design standard do not include a method for estimating the uplift pressure acting on the
crown wall of rubble mound structure, so a modified form of Goda’s formula is used. However, this method has
not been clearly established. In this study, a two-dimensional hydraulic model experiment was conducted to
examine the uplift pressure acting on the lower part of the crown wall of a rubble-mound structure. Model
experiments were conducted on various wave conditions and bottom heights of the crown wall. The test wave is
irregular waves under non-breaking wave. The uplift pressure was large at the front of the crown wall and
decreased toward the rear. And the distribution of uplift pressure showed an exponential shape. The variable that
had the greatest influence on the magnitude of the uplift pressure was the bottom height of the crown wall. An
empirical formula for predicting uplift pressure was proposed using the results of experiments performed under
various conditions.

Keywords : rubble-mound structure, crown wall, uplift wave pressure, hydraulic model experiment, irregular wave
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Fig. 1. Schematic sketch of wave flume.
Table 1. Test wave conditions and water depth
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Table 2. Geometric parameters of model structure
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Fig. 4. Comparison of measured data and T&K’s results for (7y), = 2.4 sec.



212 SE

sk 97 wom, oleldt B2 IS A1) aE °
Tanimoto and Kojima(1983)7} #|<F3t 21(H)Z ch A5k Ak E]
Aakar otk A @A 7= 0.75(1 + cosPHpl= Aol F& X EAE AW 2RE 9] ASAL (02 UERAS]
A g uieto] 00] B= A H7FA 9] Fololth o7|A, = om, 2 A H(exp. )2k A AAM (T&K)S] AoH= vl
o] Ao 2 A A ZE]IALd Aol g = 0"t} SABIGATE Fhe Addat EAAl el AEE sbRAl(T,
Hgye o8&t ARt, Add 3= mAlgduoll= 74 A4
=141 forh's0 @ oI BT ARAAT, Hy)S ol S5k
Figs. 4~6> 7389 AA3 T 75 BT ZlowA] 2t
=, @3 AN (T&K)E BARFZ2=2] A ZAYE shet 7} (Tg)y = 2.4 sec, (Tg), = 3.2 sec, (Tg)y = 4.0 sec Z310]|
o] g ofgflel fIx|gk= Aol Goda—J e A A A BAZAYE 3}3*510“ upE 2 A A I exp)2t A3 A
(D~Q)y& AgstaL, g5 floll AAsh= Ad-¢-ell= 2(1), 4 ARN(T&K)PN 25 Fxbel ke Aaks vl 2AIE 2ot}

@ 2 A@= Agsta ek Fig. 4= (Ty), = 2.4 sec 2719 AAEA FAbg e
& AAEAYE STt EoldSE (hadhal, AR e

32 AERIE 2M E A7 e e Fa4 Fgto] A vehde
ASE Amze 29 e T R eH)  F 5 ok 22la AREAeE o] At FAs X

»
I
[=]
Q
~
>
(=%
15 - 15 .
- exp. (Ts,0=3.2 s, Hs,0=20 cm) -a- exp. (Ts,0=3.2s, Hs,0=22 cm) -%- exp. (T5,0=3.2 s, Hs,0=20 cm) -a-- exp. (Ts,0=3.25, Hs,0=22 cm)
== exp. (T5,0=3.2s, H5,0=24 cm) - exp. (Ts,0=3.2's, Hs,0=26 cm) == exp. (T5,0=3.2s, H5,0=24 cm) --a- exp. (Ts,0=3.2s, H5,0=26 cm)
— T&K (Ts,0=3.2 5, Hs,0=20 am) — T&K (Ts,0=3.2 5, Hs,0=22 am) — T&K (Ts,0=3.2 s, Hs,0=20 cm) — T&K (Ts,0=3.2 5, Hs,0=22 am)
2 — T&K (Ts,0=3.2 5, H5,0=24 am) — T&K (Ts,0=3.2 s, Hs,0=26 am) 2 — T&K (T5,0=3.2 s, Hs,0=24 cm) — T&K (Ts,0=3.2 s, Hs5,0=26 am)
0 20 40 60 80 100 120 0 20 40 60 80 100 120
x (cm) x (cm)
(a) S3=0 cm (b) S53=3.3 cm

»
I
[=]
Q
~
>
(=%
15 -%-- exp. (T5,0=3.2s, Hs,0=20 cm) -a- exp. (Ts,0=3.2s, Hs,0=22 cm) 15 -%- exp. (T5,0=3.2 s, Hs,0=20 cm) -a-- exp. (Ts,0=3.2s, Hs,0=22 cm)
---- exp. (Ts5,0=3.2's, Hs,0=24 cm) -a-- exp. (Ts,0=3.2's, Hs,0=26 cm) === exp. (T 2's, Hs,0=24 cm) -a- exp. (T5,0=3.2s, Hs,0=26 cm)
— T&K (Ts,0=3.2 5, Hs,0=20 cm) — T&K (Ts,0=3.2 5, Hs,0=22 am) — T&K (Ts,0=3.2 s, Hs,0=20 cm) — T&K (Ts,0=3.2 s, Hs,0=22 cm)
2 — T&K (T5,0=3.2 s, HS,0=24 cm) — T&K (Ts,0=3.2 s, Hs,0=26 an) 2 — T&K (Ts,0=3.2 s, Hs,0=24 an) — T&K (Ts,0=3.2 s, Hs,0=26 cm)
0 20 40 60 80 100 120 0 20 40 60 80 100 120
x (cm) X (cm)
(c) §3=6.3 cm (d) S5=9.3 cm

-%- exp. (Ts,0=3.2s, Hs,0=20 cm) -a-- exp. (Ts,0=3.2s, Hs,0=22 cm)
- exp. (Ts,0=3.2's, Hs,0=24 cm)
— T&K (Ts, s, Hs,0=20 am)
2 — T&K (Ts,0=. 325 Hs,0=24 cm) — T&K (Ts,0= 325 Hso-ZGcm)
0 20 40 60 80 100 120

x (cm)
(e) §3=12.3 cm
Fig. 5. Comparison of measured data and T&K’s results for (7g), = 3.2 sec.
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Fig. 6. Comparison of measured data and T&K’s results for (7), = 4 sec.



214 olF<l

002 Aghe A AL Aol Aesitky BekEch,  eRIEe] Bxo] TS A= A WS Bl 9
B o=Rod= S, =00 cm, Sy = 33 cm, Sz = 6.3 cm, 3 2 A=) i(Lg)loll T 2k k= [p./ogH), 37
Sp =193 cm % S, =123 cm A AYE APGE AHSy = Hy/(Lg)ol, &0 PFF3201[R/Hs] B 3T <=4 [d/H]
285 o= AS APAAE o] slo] EarAuk 284 o] J&Fe A8 Zlo|t}, Fig. 7-> case SB000(S; = 0.0 cm)
S AT Y AR EESA Ak el @ o) TR Il AL A phee] L ) 5
3 AN e P BEE Aol AR, B A ATe] o] v YT HER 2o2A ) vhizo] B A
mE RNy B A5Y BES W Gl ARIAS OBE AT A 0% YR, 1
s AE S7MIZIAINE T s A4 29t Fig.
4. 41} EM 87} Fig. 9% 717} case SB093 3 case SB123 %719 A7}
2w o e FAke e et wale
2 A oA e ErA T A8ste] AARFERES] A A= case SB000¥} frAFSHAl UERSTE. Figs. 7~924 -
ZABE shtel] 2-Eshs FdE S A5, 249 4 FetE el Wil AR 2P E shdart 7P F IS v
I= o] gato] AZAYE sHtel] AHgehs dES AA 2, FAZAYE shdart S7FEES S 5
AT Qs BRNE AASLA T Figs, d-6ol b FREE & S Aok AAH0R ot A2
B uhs) o] Alel e AR ETRE St 5 ARl Jkg An, FunE 94s 343 %
TP hashal, AwelM Fow s ghadhe 4§ Aol AAEAEE s A del
& ol QAT frelsha Bl folmFTlel ek 13 el wla) sk} wobdgs JkEe oof
7k Mge Felg & stk olet. ek A 2R E Shabar} kS
Figs. 7~91= 499 = Sl A4 25l oA ATt AEAaEE Ao E Ve
0 0
0 &0 &0°
o AA‘E"& ?ocg D%&o ° 0.3 g éﬁg%ﬁ% ¢ D
40 . a0
05 ‘&é W &Jté ’
2 f 3)0 0.6 ﬁg
g | 2 §
~ g g
s B S 09 f
g o exp. data (SB00O, Ts,0=2.0 sec) R o exp. data (SB00O, Ts,0=2.0 sec)
o exp. data (SB00O, Ts,0=2.4 sec) o exp. data (SBO0O, Ts,0=2.4 sec)
15 & exp. data (SB0OD, Ts,0=2.8 sec) 12 & exp. data (SB0OO, Ts,0=2.8 sec)
o exp. data (SB00O, Ts,0=3.2 sec) © exp. data (SB00O, Ts,0=3.2 sec)
o exp. data (SB00O, Ts,0=3.6 sec) o exp. data (SB00O, Ts,0=3.6 sec)
) a exp. data (SB000, Ts,0=4.0 sec) 15 4 exp. data (SB00O, Ts,0=4.0 sec)
0 0.05 0.1 0.15 0.2 0 0.05 0.1 0.15 0.2
X/ (Ls)o X/ (Ls)o
(a) [z/(Lg)y] vs. [p,/pgHs] (b) [2/(Ls)y] vs. [(p,/pgHs)S ]
0 0
@)O
i o,
0.4 2% ‘oY agocB DEP&O 2% g ﬁo oo
' L8 1
g 08 g@%ﬁéﬁ% 4 &%?
a
= o S L
T L 2 T
% 1.2 g o exp. data (SB00O, Ts,0=2.0 sec) % B o exp. data (SB00O, Ts,0=2.0 sec)
a K O exp. data (SB000, Ts,0=2.4 sec) e o exp. data (SB000, Ts,0=2.4 sec)
16 ° & exp. data (SB00O, Ts,0=2.8 sec) 3 & exp. data (SB000, Ts,0=2.8 sec)
’ o exp. data (SB00O, Ts,0=3.2 sec) o exp. data (SB000, Ts,0=3.2 sec)
o exp. data (SB00O, Ts,0=3.6 sec) © exp. data (SB000, Ts,0=3.6 sec)
2 & exp. data (SB00O, Ts,0=4.0 sec) 4 a exp. data (SB000, Ts,0=4.0 sec)
0 0.05 0.1 0.15 0.2 0 0.05 0.1 0.15 0.2
X/ (Ls)o X/ (Ls)o

(c) [/ (Lg)y] Vs. [(p,/pgHs)( RS/ Hg)"?]

(d) [2/(Ls)o] vs. [(p,/pgHs)(d/ Hs)*]
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