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A Quasi-nonlinear Numerical Analysis Considering the Variable Membrane
Tension of Vertical Membrane Breakwaters
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Abstract : The existing numerical methods on the vertical membrane breakwater have employed a linear
analysis where the variable membrane tension occurring during membrane motions is assumed to be very
negligible compared to the initial tension. In the present study, a quasi-nonlinear analysis is attempted such that
the temporary tension of the membrane is substituted by the average tension for a wave period that is sought by
an iterative calculation. The results showed that with the increase of the wave period the reflection coefficients
appeared larger and the transmission coefficients smaller compared to the results of the linear analysis. The
application of the quasi-nonlinear analysis also showed that the performance of the structure is closely dependent
on the horizontal deformation of the membrane. In order to suppress the horizontal deformation, it may be
required to take the larger initial tension of the membrane or to put additional mooring lines in the middle of the
vertical faces of the membrane. But for theses methods to be effective, a largely sized surface float should be
installed to secure enough buoyancy to support such downward forces.

Keywords: Boundary element method, membrane breakwater, membrane tension, mooring line, reflection
coefficient, transmission coefficient, surface float
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Fig. 1. Transfer from concrete structures of gravity type to membrane tension structures with high strength.
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Fig. 10. Membrane breakwaters used in the sample analysis.
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Fig. A.1 Two dimensional mooring.

Fig. A.1014 Q9] AlFarele] Raad el o< aE
P, BAA QAWE 7 783 BA BAEA 9%
W Gt 27 o 2

> >
P= (02, G=(pz) A= (502, (A1)



300 Ao1A

Tke] 2ol ok A 9] 3 A $-F(swaying, heaving,
rolling)®] W15 2HH(x, Z, )elet s AFE R, R,
M) A0 FAF AT EHAS A}%o}oq t}

"E‘
&3t ol EAT = k.

R K. K.. K., \ x
R |=| Ky K. K., || Z (A2)
My K Kl//Z Kl//l// U/

2ol &+ Qv
K. = —e?C
K. =-eeC
K.y = ~(eil.—e1e5)C
K. =—-eeC
K. = fegC

2
Kz v 7(61 631277631/\,)6‘

= =
uRE

K, =K

174 zy

K,, = -lL(€l.~eesl) I (eiesl.~exl)]C  (A3)
A7|A, C= ATERIY] B0

o thgat 2t

1™ ofe wiE] 4

Z >

| =(e;,0,e5) (A4)
s 22
F=P-G=(,0,L) (A.5)

AFerl A AAME—AE 71 AlRER1 AAHE
grg Paretd Aok =

- Y] (A6)
@9, 919 AR AFEE S
Tr= C[(X+ l//lz)lell + (Zi l//lx)eB] + Tn (A7)

o} o] 7& ¢ St} VM, T2 271



