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Fig.1 Location and layout of the project
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Fig.2 The layout of the experimental model
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Table 1 Wave elements and working conditions for the experiment

T & oo KA/ m Hi/;/m Tp/s
SW-L-1 —0.2 3.3 14
SW-L-2 —0.2 3.8 17
SW-L-3 —0.2 3.9 18
SW-L-4 —0.2 4.3 20
SW
SW-H-1 +1.6 3.3 14
SW-H-2 +1.6 3.8 17
SW-H-3 +1.6 3.9 18
SW-H-4 +1.6 4.3 20
WSW-L-1 —0.2 3.3 14
WSW-L-2 —0.2 3.8 17
WSW-L-3 —0.2 3.9 18
WSW-L-4 —0.2 4.3 20
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Fig.3 Wave states in the non-mooring areas with a wave direction SW
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Fig.4 Wave states in the non-mooring areas with a wave direction WSW
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Fig.5 Influence of the wave direction on the wave state in the non-mooring areas
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Fig.6 Distribution of the wave state at the berths with a wave direction SW
2.2.2 Ewstiain ik oL R5a

()R B U2 5 D 17 AN A7 A T 00 X R A A Te=14 s 5 Te=20 s, LE AR AT A [ i8¢
1] of T A AL B0 B S L WL 8. 5 AR FETE DX ki B0 45 AR IR L P4 45 5 2 R WSW ] 14 b 35 e & AR T
SW ], 33Xt -5 B I 3 Xof Rl 1) BELPS PR 0 295 FH — B0, A BT 3 L I 57 Ak A9 0 B 2 )7 5 0 e o B I Y
SEMEVAE T AL A 52 0 A5/ DR TR S o 904 1 0T s A 57 Ak 2 20 B9 52 W ATS R DR EUAT 45 7 10 SR L5 P 22 5 114
— MR, (EAS R R X T A IR B AL (T =14 ), Bl G 15 B 1110 R BRUT L U 1w 149 52 00 328 3477 0
/NCIEL 8a) 5 A T A G R B B AL (T o =20 o) , P 1) 0 523 FT) A8 VA 2 00 9 904 20 52 Wil s L 5K (18T 8b)



16 T T # 40 &

FE

XL AR S T S A X DAY 9 A 90 B R R B 25— B

0.45
035 "WSW-L-1 e WSW-L-2 = WSW-H-1 e WSW-H-2
: AWSW-L-3  vWSW-L-4 Y 0.40 | A WSW-H-3 v WSW-H-4 v
L] L
0.30 f 0.35 * &
E #E 0.30 - ®
=025 f - = A
2 . v 2025+ £ o
0 20 L L ] ) § = v - v u
) X (] [ ] 020 r ‘ ‘ ] [ ]
= ’ v : x
o015 | 4 0151 =
. : : : : : : 0.10 L— : : : : : :
Bl B2 B3 B4 B5 B6 BT Bl B2 B3 B4 B5 B6 B7
THALI S THALIS
()fEKAL ) EKAL

P 7 WSW I I B IA Az 9 5L 23 A

Fig.7 Distribution of the wave state at the berths with a wave direction WSW
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Fig.8 The impact of the wave direction on the wave state at the berth
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Fig.10 Frequency spectrograms at the berth and entrance with a wave direction WSW
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Table 2 Low-frequency wave energy ratio of the berth to the entrance

Bom B1 P fE/C1 I fE B3 W fE/C1 B fig B5 I RE/C1 P fig B7 i fig/C1 g
SW 2.90 1.46 3.17 1.78
WSW 2.56 1.86 2.51 1.70
= OA
3 én Tu

AR SCHE TR 5 R LU By 05 = Ak B ARG L B 5 1 I TR S8 I L i I A X D 0 0 Y R L 4
W

DIRRAVET 323 0 (G0 2 AN [R50 HE N L O i 20 A BE A AH DG PR B0 o R B 1 1) T L 32 B8 43
AT S ONIE R §E PN

2) AN [ JE 39 9 AR A TR 9 N ) — o2 5 L il vy 2 S D . S B L e A L D0 o K 5

3) 32 977 2 S Xk A [ 1) A SRS OB BEL 5 P 1140 22 55 4 9IRS 90 1) o o A 094 R A R LR o B B 90 B K
SR BRI i A S DX A B S R D 5

4 X8 T TR o B e S X g ARLZEL 7 BEL RS PR S5 AEL A RE AT S8 BEL B AR AT 20 7 B 2= AR 2 AR N 2 A A Tl
FERE TR

TCAE e A AL A 2 I B DA PR SR A AR . B R DL AN A A DR Se ST
BB ELRE AL B s A IR e B R AN TR . SRR B, AT B IR B HE T (BRI TS
PRI s B S I TS i B S R S M A A S T ) A L (P4 BT F R IR E) 0.4 BB (8] 7h) 3 %
Tk AR AT RO AR T NN A . AR I R AT B ARBIR AR B SR 2% AL T LR (] Ta) s
(7] — 1 O 1% TR 10 s 14 B 3 8 22 0 5 10 80 Wl B RO L X A AL B RS AT . IF ELX TR AL
Ak AR IR 2H 0 R X T A ORGSR AL A S AR BB N s sl TR TR R
PEFI B 11, (S0 TS B0 T HEAT F A A i LS UE RS AZ L I 45 B 10 AL D RE AR, 4 th & BRI B3

£ 2% 3Lk (References) :

[1] YANG X Z. The characteristics of long-period waves and their influence on the dynamic characteristics of moored ships[J]. The Port En-
gineering, 1989(6): 37-43. #5855, 1A WUl i R4k K % 200 A AR 3 SRR R S R [0, o6 10 T2, 1989(6): 37-43.

[2] ZHANG Z, KONG Y N, CHENG P J. Analysis of influence of long-period transmitted wave through breakwater on mooring stability in
the harbor[]]. Journal of Waterway and Harbor, 2017, 38(6): 561-566. 5k, fLAA R . FERGZE. K B W VE H R 97 0 30 388 Y 6 6 9 &R 90
FasEsgma sy prl)]. KE#E, 2017, 38(6): 561-566.

[3] TAN Z H, CHEN H B, YANG H L. et al. Riprap dike long period wave penetration and its influence on mooring conditions of wharf[ J].
Port & Waterway Engincering, 2019(7): 59-65. WURAE . PRI, B2l A5, il 47 5 1 A1 J0T 90 90 28 R A0 T B b 1% ke 28 901 2% 2 B0 52 W
[J]. 7kiz T.#, 2019(7): 59-65.

[4] LIJ X, ZHAO ] J. Risk analysis of long-period wave in harbor basin by using numerical model[]J]. Port & Waterway Engineering, 2018
(5): 30-34. =4k, B HERT. I B A B HEAT W 9 IR I IR KU 23 A L) ). /K38 T, 2018(5) : 30-34.

[5] YUY X, LIU S X. Three-dimensional model test of harbour engineering with multi-dire-ctionalwaves[ ]J]. Port Engineering Technology.
1994(1) : 1-10. ArfAE, BIRE. ds OO R A 2 1) AR RN B s A 7e L) . o THOR, 19941 ¢ 1-10.

[6] QIAOJP, WUY Y, ZHAO D, et al. Experimental study on long-period wave of berths under irregular wave[ J]. Journal of Waterway and Har-



1 4] ZEHE A IR T U N I DL BT 5 19

bor, 2019, 40(2): 163-169. F¥ 7. RH 5. @A, S AHARH T 5930 A KRR 0T 5E )], /KiE#E 1, 2019, 40(2): 163-169.
[7] WUYY, CHENGP, YANSC, et al. Experimental study on wave conditions in harbor area under irregular wave[]]. Port & Waterway
Engineering, 2017(9): 94-98, 107. %A 5, BREF, L. & RSB SR T 80 i 3R R & F sl i e ()], Kiz TR, 2017(9) .
94-98, 107.
[8] WUYY, CHEN G P, YAN SC, et al. Experimental study on combined diffraction-reflection characteristics of harbor wave[ J]. Journal
of Waterway and Harbor, 2017, 38(4): 330-336. % H 5, BREF, M4, . WEIRIA S SRR E R ar s (1], KEd T,
2017, 38(4): 330-336.
[9] SAKAKIBARA S, KUBO M. Characteristics of low-frequency motions of ships moored inside ports and harbors on the basis of field
observations[ J]. Marine Structures, 2008, 21(2-3): 196-223.
[10] LOPEZ M, IGLESIAS G. Long wave effects on a vessel at berth[J]. Applied Ocean Research, 2014, 47;: 63-72.
[11] Ministry of Transport of the People’s Republic of China. Code of hydrology for harbour and waterway: JTS 145—2015[ S]. Beijing: China Com-
munications Press, 2015, W48 A LA E 283 32 5 3. #E 1508 K SCHLYE . JTS 145—2015[S]. dbat: A RASHE H R, 2015,

[12] U.S. Army Corps of Engineers. Coastal engineering manual[ M]. Washington D. C: U. S. Army Corps of Engineers, 2002.

[13] Ministry of Transport of the People’s Republic of China. Wave Model Test Regulation: JTJ/T 234—2001[S]. Beijing: China Communi-
cations Press, 2001, A8 A T AN [ 2230 32 i 3. DR A RIS MU (T /T 234-200D)[ST. dbat: A RAZH At . 2001.

[14] HUGHES S A. Physical models and laboratory techniques in coastal engineering[ M. Singapore: World Scientific, 1993.

[15] YU Y X, LIU S X. Random wave and its applications to engineering (4th Edition)[ M. Dalian: Dalian University of Technology Press,
2011, ArFAE, MIRZE. BEALBOR B TR N R IO M. K. R TR M, 2011,

Experimental Study on the State of Waves Within Harbor
Under the Action of Surges

LI Hui, MAO Yan-jun, WANG Hao-tian, Sang Gao-ya, ZHENG Zhen-jun, MA Xiao-zhou
(State Key Laboratory of Coastal and Offshore Engineering » Dalian University of Technology, Dalian 116024, China)

Abstract: Compared with wind waves, surges with longer period can more easily cause adverse effects to
the productive activities in the harbor, so that more and more attention has been paid to the impact of sur-
ges in today’s harbor design, Based on the three-dimensional overall model test results of the breakwater in
the Chancay Port of Peru, the influence of the combined action of surge diffraction and transmission on the
state of waves within the harbor is studied. The distribution of wave states in different functional areas of
the harbor under the condition of incident waves with different wave directions and different spectral peak
periods is analyzed, and also the influence of the incident waves with different periods on the wave heights
as well as the wave directions in different areas of the harbor is compared and analyzed. The results have
showed that under the surge action the distributions of wave height ratio within the harbor under different
incident wave conditions have better correlations due to the affection by transmission and diffraction. The
closer the distance to the entrance and the longer the wavelength of the incident waves, the greater the
wave height ratio within the harbor. The influence of the incident wave period on the wave state in the har-
bor and the sensitivity of the wave state to the incident wave direction vary in different areas within the
harbor. In the areas where breakwater has a better function for blocking the wave direction, the influence
of the incident waves on the inner parts of the harbor is small. For berths which are well protected at the
inner side of the breakwater, the impact of the low frequency waves on the mooring should be focused on.
Key words: surge; diffraction; transmission; wave height ratio
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