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ABSTRACT:

This three-year study explores the issue about the long-period waves in Hualien Port,
Taiwan. The first year primarily collected and reviewed domestic and international research on
the characteristics of long-period waves in harbors, their potential hazards and causes, and then
synthesized the destructive mechanisms and countermeasures caused by long-period waves. In
the second year, Pier 7 of Hualien Port was taken as a case study by using 2-D hydraulic model
tests in the wave flume to develop a prototype energy-dissipating structure to mitigate the effects
of long-period waves. The concept of composite wave dissipation structure was proposed. In this
third year, the two year’s research results are integrated to explore the preliminary functional
development of a composite energy-dissipating structure to address the problem of long-period
waves during extreme sea states in Hualien Port. Various modular configurations composited by
several wave dissipation parts with different mechanisms have been tested. The results show that
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of a narrow channel. The research results are also helpful for the following model tests in wave
basin and applied to subsequent engineering practice and construction planning.

Results and benefits :

This project proposed the concept of a composite energy dissipation structure to reduce the
energy of long-period waves in Hualien Port. The research results and its procedures can also be
applied to other harbors to seek their suitable prototypes.

Possible Governmental Applications :
To provide the available information on the improvements of harbor tranquility and shore

protection strategies for transportation department of central or local governments, port
authorities, Water Resource Agency.
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> 100s 0 0 0 0 0 0 0
HT pean > 60s 0 0 0 0 1 3 3
>30s 0 0 0 0 7 37 27
>15s 5 30 59 43 114 118 112
> 10s 72 163 168 149 166 167 165
AR/ ABEIEEE M R/ )P EE L sec; BREGASF S




£2-2 Lplabz FHFH AR AZTER BN

F P BEE C06 C10 C12 C14 C16 Cc17 C18
B4 6.65 2.89 2.22 1.22 1.50 2.13 2.58
o] B 0.09 0.02 0.02 0.02 0.02 0.01 0.02
> 8m 0 0 0 0 0 0 0
THpax > 6m 1 0 0 0 0 0 0
> 4m 2 0 0 0 0 0 0
>2m 12 2 1 0 0 1 2
> 1m 32 7 7 7 2 5 11
B4 6.48 1.66 1.72 1.46 1.07 1.93 1.55
AR 0.19 0.04 0.03 0.03 0.02 0.01 0.02
> 8m 0 0 0 0 0 0 0
THy;3 > 6m 2 0 0 0 0 0 0
> 4m 7 0 0 0 0 0 0
>2m 23 0 0 0 0 0 0
> 1m 38 8 10 6 1 4 8
B4 6.20 1.71 1.33 1.21 0.74 1.17 1.41
B B 0.20 0.04 0.03 0.03 0.01 0.01 0.02
> 8m 0 0 0 0 0 0 0
THpean > 6m 1 0 0 0 0 0 0
> 4m 8 0 0 0 0 0 0
>2m 25 0 0 0 0 0 0
> 1m 45 9 7 5 0 1 1
B4 3023 | 51.11 62.73 | 63.09 157.03 192.88 147.93
o] B 11.27 15.98 18.05 15.90 25.51 16.99 22.73
> 100s 0 0 0 0 4 33 20
TT nax > 60s 0 0 2 1 42 114 75
> 30s 1 47 97 93 161 161 160
> 155 100 168 168 168 168 168 168
> 10s 168 168 168 168 168 168 168
B4 18.30 | 25.26 3417 | 3552 157.03 158.27 122.06
AR 9.45 | 30.23 13.76 11.44 15.83 14.22 13.20
> 100s 0 11.43 0 0 1 9 1
TTq/3 > 60s 0 0 0 0 3 40 28
> 30s 0 0 5 4 96 119 95
> 155 23 1 156 151 168 167 166
> 10s 164 121 168 168 168 168 168
B4 1584 | 2096 | 2135 22.52 64.46 86.50 89.54
o] B 8.14 9.26 10.06 8.39 9.32 9.82 9.40
> 100s 0 0 0 0 0 0 0
TTean > 60s 0 0 0 0 1 3 3
> 30s 0 0 0 0 7 37 27
> 155 5 30 59 43 114 118 112
> 10s 72 163 168 149 166 167 165
B A/BIATEIE I m) R/ )Y EE L sec; BREEBEGAIF A

R ERER o




%23 AR ZEBAAB/XHELPHETIH/AR
% C06 C10 C12 Cl4 C16 C17 C18
HH,py 0 11.86 3.20 2.68 2.38 1.50 2.13 2.58
(HT ) (17.84) | (41.33) | (42.58) | (48.54) | (132.59) | (192.88) | (147.93)
THopx 6.65 2.89 2.22 1.22 1.50 2.13 2.58
(TTmar) (18.86) | (51.11) | (62.73) | (63.09) | (157.06) | (192.88) | (147.93)
HH, 8.12 2.34 2.02 1.91 1.30 1.93 1.77
(HT,3) (16.05) | (25.26) | (25.59) | (26.39) | (128.59) | (158.27) | (109.28)
THy; 6.48 1.66 1.72 1.46 1.07 1.93 1.55
(TTy3) (18.96) | (30.23) | (34.14) | (35.52) | (157.03) | (158.27) | (122.06)
HHppan 6.20 1.71 1.33 121 0.74 1.17 1.41
(HT,0an) (17.10) | (20.96) | (21.35) | (22.52) | (64.46) | (86.50) | (89.54)
THomean 6.20 1.71 1.33 121 0.74 1.17 1.41
(TToan) (14.66) | (20.96) | (21.35) | (22.52) | (64.46) | (86.50) | (89.54)

A EE LI m P EE =5 sece
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(I) Front view (IT) Top view
(a) Perforate-pipe breakwater (b) Double horizontal plate breakwater
210 ? A B & 3k (Yang et al., 2024)
B 212 A1 &4
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Yol 2.13 #7710 @ 3 % 3t B4t (perforated structure > ] 2.13a)

3 B4 (slit type structure > B 2.13b) % B 3t % 4% 4~ (slotted
structure > B] 2.13¢) > S it B P UK AR E SR B E LR
AP EE ARl A B AR L R T R i B
PREF AR LD AT YLD R 5 R
AR T AR E TR EZE D FLIF BRI REL o
FOAETEH TETE N RALARERE > R g FR 0 K ER
€ i 1F1‘bb’4m¢ A AAge s XPIB v E R L B
o Fltm @ R S A BT P gk Ag kMg A k) 50
AL #E4'°/J9‘»/\FE’T$ FARA ARG FIEEARFS %K
PEREE B . T FY ,B‘\ligq_f:'a“?ﬁd}\@ﬁlnh;ﬁ%: EREFRAAE
EAmE Bf oy 3ok AR e E 2 R ASER 0 AR 2.1 (d)“r
oo jAROKTEE LA ,ﬁ,ﬁ\ﬂgq\? 2 pEREK o %‘Eig-ﬁ/éqg—,ﬁ:/ At
3% o

PERI R R L B OPRL KRR Ao R 2.13(e)#T
G %%wkmﬂ”ﬁﬁ%ﬁﬁw?%iﬁm**’?uﬂﬁﬁi
BAe 0 T AR B K R AR R PEEER D DB B o S
FABSEY ARG R B &"3%“Ki%bﬁ%%ﬁ’%%
2.13(f)> B s B3 7 BGLIA RS - g SR ER o B
MR E B R TR ARG E B R AT A B AR
WA B e

Franco et al. (2019)4+%t:=i T B 3Y | X ap¥»r @ T g .o |

Mo 0 TP Rk B A B ERT o FEP AE R
Bater g g e 0 08 MORIRE B2 G Pl Bk 0 do@) 2.13(e) ¢
¥ 3R EATANR & b B i g £ B (WEC) & S 4o ) 2.13()>
BEAKE TR EER L E TRIIR T A o TR L R
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(b) J M3 S H4 (F* 4 > 2017)

(c) Bt 44~ (3 - 2010)

(f) = & -k T 4% (Kee et al., 2006)

(N B b s Sk A R 4
(Zhao et al., 2022)

W 213 B = A5 i B

(g) B 3tiw4a(Franco etal., 2019)
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3. &4 £ 4R #rcae {315 4 ¥(pocket beach)

YrBl 214 977 0 AT R P EARETERE - B
AL AL AT RB AR IR S R «ﬂ Jzz‘fl
AV R DEPEAY RE RO AN R H *
PeAE k SL S mBLp] 2 E B RE Y anin g o
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400 ft

W 2.14 ¢ %3] s #(Thompson et al., 2004)
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(Vi)

(@) P 3% Wk B I 4 (b) -k# 4 H18
W 2.15 + § {04 £ (2005) %k 5% B 34 0 4 403

5. K F 53w A

Feys(2009) ~ Garrido et al.(2010) £ Gonzalez-Eecrival et al.(2018)
Arde dle— FENF S Al SN (Ae B 2.16 rom ) 0 BRI B IR
T SR R BT 0 RBEFEFH AL R E Y
AEnE BE g o wm YRGB TR A B T Mg gR v R

(b) Gonzalez Eecrival et al (2018)ARIJ-R A [f]2; 2 %&4) /ﬂ HE
B 2.16 & ST 4T & B
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Volts

-100-80-60-40-20 0 20 40 60 80 100

XOffsets(cm)

Instrument Serial/ID Calibration(mm)

WA 30.12390221
W2 18.60500727
W3 18.38309276
W4 18.52604358
W5 17.95335585
W6 18.31155138
W7 18.65004955
W8 18.30454699
W 3.18 i it

Zero(Volts)
1.161620412
-0.267381728
-0.061845597
-0.107361317
0.196056626
0.033195062
-0.186970206

0.068335803
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95% Cl @ FSD
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0.088617971
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