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Fig.1 Practical engineering applications of waste tires
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Fig.6 Dimension of the caisson constructed using model vehicle tires
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Fig.8 Example of wave reflectivity of all wave altimeter pairs (H=3 cm,T=0.9 s)

3 1HE S

B9 A B E PR GRE AR KR (K, —T) . K 10 NS AR SR Ky —T & Ke —
B/L LR 3 WA R BEAT NG o AR T 3 3 G IR AE AN [ B A5 AR 9 [l A 07 sk 2, NIET 9. 181 10
RELAT LA H1H 2 PGB SO R AR 8 DR 10 S S 3R AR o L2 25 L it i e 4 BRE ) A i 3 2 TR A
R A BRI W RE ST B A5 R . PR K — T T B4 % S 30 B o 300 9 22 A, a2 45 8 1, (3
Kr—B/L B LRSI . 3 Bl R G SO R AE I RIS A — . 5 — BUTE R S B AT e 19 A
AN TR] » 2 W2 56 SR AR T BRTH B e 28 AR 51 K 1 /K PR AIR 355 o T A T3 14 i 0 T 0 O S I 3 AR 7
Z FL I RE A5 1 1 A T LR A T 5

Lo (a)H=3 cm (b)H=6 cm
e B, =10 cm
1 ¥B,=20cm
1 4 B;=30cm ! .
] : ., 1
0.8—_ ' ! !g i . ' 1
' v . ; i 2 M ; i + B
Y /95l EE R e S e 3
0.6 pe! o .
1 ! * I * S
i ’ i
Mc:
i i
0.4+ H
] b,
t
¥
0.2+
00 L B L T 00 L NN BN L L SN NN N DL AN BN DN BN LN NN LN N NN L R
0.5 1.0 15 2.0 2.5 3.0 0.5 1.0 15 2.0 2.5 3.0
T/s T/s

B9 ARE Ke—T XRE
Fig.9 Relation of Kx — T at different wave heights



48 woE T O’ 38 ¥

(K -TRZAE (0K -BL*ZR
1.0 1.0
i _ —@— B,=10cm({ =3 cm)
-@- B =10cm(H=6cm)
1 —=— B, =20 cm(H =3 cm)
1 1 ° -¥- B,=20cm(H=6cm)
0.8 0.8 —&k— B, =30 cm(H = 3 cm)
] ] -a4- B;=30cm(H=6cm)
0.6 - 0.6 i
Mr: M‘z 3
1 1 i
0.4 - 0.4 b
] 3 —e—5, = 10 cm(H = 3 cm) ] ‘ {
0.2 4 " - @ B, =10 cm(H=6cm) 0.2 s S\ L
1 —¥—B, =20 cm(H =3 cm) ] . 3 X
4 - %~ B =20 cm(H = 6 cm) 3
% —&—B, = 30 cm(H = 3 cm) 2 t
1 -4- B,=30cm(H=6cm) 1
0.0 L e 0.0 e
0.5 1.0 1.5 2.0 2.5 3.0 0.0 0.1 0.2 0.3
T/s B/L
@10 KEW%KR*T&KR*B/Ljé%@
Fig.10 Relations of Ky —T and Kx —B/L at different wave heights
T2 WHEERHEERNPAAKX(K.—T)
Table 2 Regression formula of the elastic wall reflectivity (K —T)
HPI® H/cm EYENIIES 227
B, Kr= —1.085 584 + 3.007 774 T — 1.508 761 T?-+ 0.234 392 T* 0.725 329
B 3 Kr= —1.189 676 + 2.991 451 T — 1.460 568 T?+ 0.224 495 T* 0.771 648
B; Kr=-—0.280 072 + 1.422 163 T — 0.673 720 T?+ 0.099 771 T* 0.459 581
Y H/cm EVEES 227
B, Kr= —1.632 398 + 3.760 431 T — 1.879 574 T?+ 0.297 471 T* 0.735 361
B 6 Kr= —1.632 930 + 3.447 455 T — 1.650 682 T?+ 0.255 830 T* 0.868 031
B Kr= —0.793 046 + 1.867 194 T — 0.818 839 T2+ 0.120 886 T3 0.842 025

19 0 TR 1 2 5 268 TN/ LR 6 cm A9 S 5K T4 3 em 9, LA B=30 cm 1,
JWAAE 1.7 sCRPY FIRALAY 10.2 ) PAUF B, RGP /NT 0.6, X T HE 6 cm, JH 1.1 sCHH S T 5 B Y
6.6 ) LA TR RANT 0.4, M7 1.2 s DL RGHRIE S H /N T 0.82 ONF —BIH B Z5 P19 0.9) .

S 2 S 6 T A 45 A ) T T AR R AR R A, I T o e SR e I v TR T O R
e AR W BRI, IR 3 em S04 6 om B9 SR AR R HAR L, B AE I 0.8 Bl 2.4 s bW
FAE T 10 H AP F R 2.4 s AbAISE . Gow 28 IWT , TA R 32 45 1 0 7 T8 Uk i i 30 0 YR s ke & 9 Lo
R (14 D8 T A, L I8 T R A% 3ok ol R v e A PN B ) O T A K B S A B I L RN S5 )
TH U = R AR FL T U B T PN O BT W AR 5 e o B A 58 A U0 T 4 W87 A 8 iR AR 45 4 0 7 S X
TH VAN [vi) 30 35 V8 TR 0 00 RE IR L 72 R0 A 2.4 s Ab 9 D S8 SR 3k 3 — B0, L, Tk R — A IR N S W TE =
T R F A S 56 dile = S AN [ 38 D TR A S S SR A T, OE IR AR RS B 4G 0

11 BEH T AN R DA SR [R]85 70 A S B 235 SR 45 T O i 28 AR % Lee 25000 (9 4047, FE AL 2540 0 1) S0 B3 3% 3=
BEHEE NI EE S AL ROIT LSRG . AR 80 em . FE 120 cm. & 56 e (SLEAR AL



14 W15 55 - BRI 22 AL R I 25 1 W e 2 B T Y 49

Bl 4), SZEKEEHN 50 em, PR 2 4 em, L5 E 3 Fh 1.0

D) ) ; 1 —@— B, =10 cm(H =3 cm)
WU EPIR(B=15,30,45 cm) - S 28 FFFL N5 3~5 4, ] - @ B =10 cm(H=6cm)

N e : 1 —¥— B, =20 cm(H =3 cm)
TFFLFE R 20%6~60% . AR 2 4> 5L 50 4 AH &M, AR ST : -¥- B =20 cm(H=6cm)

—k B’; =30 cm(H =3 cm)
- 4— B, =30 cm(H=06cm)

0.8
] - %~ LéeZE(H= 2 cm)

PEHL U — AN 2, FF AL 40% B E =40 % 9 55
Wk AT AN 11 P, B 11 R 2 i 7E
B/L<0.1 W} A 0 R B % 50.1<B/L<0.2 i . Lee  06-
A KR B ME B WS LR 5 B/L 0.2 WU LASS s . .« |
Lee 46019758 jof 92 0 A Sy LI T 25 010 305 920 T #0904

Wi L ELG I B B A B A Y D T AL SR AT AT

FHE . EAR AR SC X B K T G5 K ) kAT 00 8 4 )
TR MRCR B T AR R WS AR 02

P AR X

0.4+

2 N
— PN Sy 3 L
FE Al 6T I G B AT 00, BRI B B A 0y 0 U : \
e 1
4+
0.0 0.1 BIL 0.2 0.3
HL 51 FH 2 FH
4 I*ﬂfﬁ;‘ﬁﬁ%ﬂ}f/*@,u\ B 11 5 Lee %" (N=3,H=4 cm,E=40%)1

S R

Fig.11 Comparison with the wave reflectivity

A 5 38 2 K AR 2 5 B R S M) R 4 T A
22 FL I S M e T T 45 A 0 D 9 D RORE T e 2 AL
B T e A . A O AR S 55 Y i T
TR NG T 20 16 Ve 3T L A3 45 2 FLBR S MR MR L SR 5 3 TG Sk AT BE . ol T 48 i A RS B — . 5 T i Tk
FTFL AT s 5 g EL T 4 28 i 4 48 0 T DA S i 422 0% 20 4 L R A7 0 1, IR I AR AR B L e I 4 I
T3 RALEAE I n] SR TSR 8k 4 e 7 aCE AT o K JHL 7 T v L 0 A W S Y R A ) D A 2R R 3G S i 37 P
Z 0 1 AELTE 7 D8R i B30 7 T U R A3 ORI PR PR ) TG g . AN IR O IR TH AR R Y 22 5 I E A
THE & By 150 i 7 M8 KISR0 B 23 T e PR A R SR 4H . DAL, B A8 i B0 P AR P TR A i 20 B R
T2 LR 5 22 B HEE R S I

obtained by Lee et alt'®”

5 4% 1B

AHIFGE B TH 8 6 7™ A 1 — ZR 90 I 0] R, & HE s DL 07 FH A ¥ s % Sk 2R A7 T D w0 20 M AR F AR i i
ATHRFLAL G » 0T DOAR FRE TR 50 2 LB 0L 1 e 5% R P 6 i 22 30000 L A 3 1 L J@ X 7K ORE F- 142 3y ™
AT W OB I .

D) 258 43 B R GO K B2 TR/, B 6 em OGFHRART I 3 em, L B=30 cm J i,
JUAAE 1.7 s GRS THRALR 10.2 o) LUR B, RBFRE/NT 0.6, X T 6 cm, AW 1.1 s A Y T 5 AU Y
6.6 ) LA RS HALT 0.4, 1M 4E 1.2 s LB RG0S S H /N T 0.82 UNTF — I B 4519 0.9)

2) BAT B 71 D5 5 A 0 kot ) U3 0 %0 T O 2 SR AN A0 BHARL , 3 B AT 0 R R N R T Dk T A A (R AR S
0 2R I R G v S I PR L n) 2 S R A I TR A A S A L SR I R R A T I U R

LG RREE B/L WK E TR, SR 0 = PR R D M. AWF 5 Z IR SR RN E
BN SH B AR AN AT 5, TR0 R B AR AR A7 1) T BE I it o 1 T A A8 R AR T U S PR B R L 7E SRR R v 3
JO7 25 1 214 M e YR R DL R TR 6 9 L 5 IBUE T B = IR



50

pis 38 ¥

&
FE
H

S % 3Lk ( References) :

(1]

[2]
[3]

[4]

(5]

[6]

(7]

(8]

9]

(10]

[11]

[12]

[13]
[14]

LIN H C. Economic Diary. Thermal cracking technolog can be help of recycling waste material [EB/OLJ. [2018-10-30] http: // paper.ce.
en/jjrb/html/2018-10/30/content_375630.htm. Akl 23 H 4k, P B AR A 248 % % [EB/OL]. [2018-10-30] http: / paper.
ce.cn/jjrb/html/2018-10/30/content_375630.htm.
MCCARTNEY B L. Floating Breakwater Design[J]. Journal of Waterway Port Coastal &. Ocean Engineering, 1985, 111(2); 304-318.
LIN ZC, WU H X, CHEN S F, et al. The feasibility study of building breakwater with waste tires[ C] // Cross-strait Conference on
Structural and Geotechnical Engineering. Hangzhou: Zhejiang University Press, 2007 978-991. AR ZEHE, 5 5450 . BRI & 25, K516 b7 I
W 2 AN AT M ST CCT /7 W e W 2 65 4 5 o £ AR 2 AR 2308 SCHE. BN . WV R4t AL, 2007 978-991.
JARLAN G E. A Perforated Vertical Wall Breakwater[ J]. Dock and Harbour Authority XII, 1961(486): 394-398.
HUANG Z H, L1 Y C. LIU Y. Hydraulic performance and wave loadings of perforated/slotted coastal structures: a review[ ]J]. Ocean
Engineering, 2011, 38(10): 1031-1053.
IJIMA T, H OKUZONO H, TANAKA E, et al. An experimental study of breaking wave force on perforated breakwater with wave ab-
sorbing chamber[ C] // Proceeding of 25th Conference of Coastal Engineering. Tokyo: JSCE Coastal Engineering Committee, 1978; 333-
336, JFE R, BEREH, 4ok, & MEH TIHE B E P LB MR 2 B O 2 LRI CT /58 T 0 R A P2 e SO AR
HREC: bR R T 22 B4y, 1978 333-336.
TANIMOTO K, YOSHIMOTO Y. Theoretical and experimental study of reflection coefficient for wave dissipating caisson with a perme-
able front wall[J]. Report of the port and Harbour Research Institute, 1982, 21(3): 44-77 (in Japanese).
CHEN X F, LI Y C. SUN D P. et al. An experimental study of wave acting on perforated caisson[ ] ]. China Offshore Platform, 2001, 16
(5-6): 1-6. BT M, 2= KA, IMVAMS, 55, BORSHFFLIUHEM Sl ]. PEMEHET 5. 2001, 16(5-6) :1-6.
WANG Y X, WANG G Y., LI G W. Experimental study on the performance of the multiple-layer breakwater[ J]. Ocean Engineering.
2006, 33(13): 1829-1839.
LEE J 1. SHIN S. Experimental study on the wave reflection of partially perforated wall caissons with single and double chambers[ ]].
Ocean Engineering, 2014, 91(15): 1-10.
LIN W. LIN P, CHEN C W, et al. A preliminary study on wave dissipation characteristics of flap plate type of vertical caisson[]].
Coastal Engincering, 2017, 36(4): 10-19. Bkf. ARMS. BRitpl, . B4 M ABOT AL AUURT Z 08 SR tE RIS (1], e TR, 2017,
36(4): 10-19.
SIMM J D, WALLIS M. Sustainable re-use of tyres in port, coastal and river engineering. Guidance for planning, implementation and
maintenance[ R]. UK: HR Wallingford, 2004.
CHANSON H. Hydraulics of open channel flow: an introduction[ M]. 2nd ed. United Kingdom: Butterworth Heineman, 2004 : 650.
GODA Y, SUZUKI Y. Estimation of incident and reflected waves in random wave experiments[ C]// Proceedings of 15th International

Conference on Coastal Engineering, Hawaii: American Society of Civil Engineers, 1976: 828-845.



1 AR %« B T 2 AL 4 W R 2 B 5 51

An Experimental Study on Characteristics of Waste Tire
Perforated-Type Wave Dissipation Structure

YE Zi-yi', WANG Xue-ying' . NI Xu-hui', SHI Jun-chao', CHEN Yan-ling', LIN Jia-qi', WU Zi-yang',
WANG Fang-yu', HUANG Shao-hua' . ZHENG Jian-hao' , ZHENG Zhi-chao' , LIN Jaw-guei®
(1. College of Marine, Fuzhou University, Fuzhou 350108, China;
2. Department of Harbor and River Engineering » National Taiwan Ocean University » Keelung 20224, China)

Abstract; For the reuse of waste tires and the research and development of simple construction method and low ma-
intenance cost, a preliminary concept of perforated elastic curtain which can be used at wharfs is proposed based on
experimental studies of regular wave hydraulic model. The perforated elastic curtain is, in a modular manner, as-
sembled into by using model vehicle tires, and then by installing the elastic curtain on the front wall of the wharf
the effects of the action of different periodic waves and the different widths of wave dissipation chamber on the
wave reflectivity are studied experimentally. The model test results indicate that the perforated elastic curtain with
a single wave dissipation chamber has a remarkable wave dissipation effect in the case of short period waves, and
that a larger width of the wave dissipation chamber can cause a lower wave reflectivity. Although water oscillation
may be caused, the energy dissipation effect of the wave dissipation chamber could be re-intensified in the future. If
the application of real waste tires to the perforated elastic curtain structures can be studied well in the future, not
only the pressure of the waste tire treatment on the environment could be relieved, but a wave dissipation structure
which is simple in construction and convenient in maintenance and can be applied at a simple fishing port could also
be provided. This technique can be exported to the developing countries.
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