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                          (ISme a SeaxbvaHg.

                           By Yoshiro IKEDA

                           CReceived, Jan. 22, 1952.)

                                  '                                 ..
    A matAematical investigation on the outside form of a seawan is described.

In order to avoid the sedimentation of sand along the seawall it is natural to bUild

such a cgp.$,truction that the magnitude of the velocity of the flow along the cons-

truction should either increase or reniain constant. On the other ha'nd in order to

avoid the erosion of the foundation bf the seawall it is natural to build such a

        g'. '/. ,tconstruction that the magnitude of the" ve16city of the flow along it should either

gradually decrease or remain constant. Therefore it is preferable to build the

construction. along which the magnitude of the velocity of the flow is constant, in

order to satisfy the both conditions' . The velocity of the littoral current must be

reduced near the construction at the beach q,nd it is impossible to keep the mag-

nitude ot th,e veloc,ity of thc flpw. ,constant' along all' ,1'he parts of the construction.

But it is possible to build the construction a16ng'which the magnitude of the

'V61ocity of the fiow gradually increasds up to a point at some'distance from the

b6ach'･and then is kept constant at all farther points along it from the beach. '''i'

"i･ i'N, gw' we elSsuine that the curve in Figure l is the one which will'satisfy theSe

            ･･y, ''conditions. ,･,･-･-.-

'
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   As we showed in the preceding article,

/tt t .L,., ,., .'. cFdldo.gg℃,/

in which v is the velocity, g potential

axis, theh we have

   E'D':beachline . i.
   A' B': uniform curve along which the

      '' magnitude･of'the ivelocity df

          the flow ,gradually increasses.

   B' C': uniform curve along which the

X magnitude- of the velocity of the flow

   keepsconstant,･ ･･･ ',

    ifwe･set ･,･ ･･
    ' dlt'' '''i' '''
･i･ ,i･ ･-iLdip- ',,･.･ -.･, (.1) ,,･
                         t tt.
and a the a'ngle between the flow and x



"

                              OnaSeawall 2e3

                   v. v, 1-fmM,edW

        , ii+irmttb-'=Hwm,e,, ･., ,, (2)
          '
in which W == g+ ie and 0 is the stream function, and

             x+iy==l.T!M..,e-f:iCdWdw+x,+iy,. ., (3)

                                   t tt                                        '
where wi is the magnitude of the velocity which corresponds to YP"i and xi and yi the

positions which correspond to W?.

    The curve in Figure 1 can be transformed into the c -plane by equation (1)

as shown in Figure 2. A, B, C, D and E correspohd to A', B', C', P' and E', res-

pectively and C coincides with E. A polygone can be transformed into a half

plane by Schwarz- Christoffel transformation. The polygone in Figure 2 can be

represented by the real axis in the half plane by the following formula , ..

                                                                    '
       ,. g-rrVibrn2VW"1+-SLiog(VEI]-P+,Vzv+'i) '･. (4)

                                          '
Again the real axis in w-plane is transformed in the real axis of W -plane by the

following formuia

                              1
                        W=e-ndiw' (5) i･
                                       '
                                     tz bce ..                                     Lpmoppmmumpmmde #]dntmpmanpmmmmamummu
                                    'co 'tdc,tJt7djle co
                                                  "

                S .A

A, B, C, D and E correspond to a, b, c, d anderespectively. We Place b== L' t'1

and' c==d=O without losing' generality. Again a, b, c, d and e in w-plane

correspond to A", B", C", D" and E" jn W-plane. The real axis in VV-plane

il?,ro,rme9.P(04n)dSa.tdO(tsh)eitCUforXeowisn FigUre i whig,h satisfies the required copgit,ions.

                              t.ttt/ttt .t                            t/ t                                              '    g" -- - :ttl-,iwW- + i log <1 + VJ+e-iz w) - i log (emi" w} . <6)
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Hence

                                      '         '' -jZ"cdW =- VisW " (i t -W"-) i6g.,i'iy,V"l,,i.MW"' (7,'

                                                '
According to (2) and (3) we obtain from C' to D',

                                               '         ,, ::, ,.,.,,.1 ,g. -,, ,. thop `Yii germ'i (i,1,/tth, -p-)itili.' [., ',,,J e" ".,

                                          'qnd,

F,,. ., ,. .X,-bu in vi.S, qe--Vi2'9i
(i ' vV-]tiafi,IIy+Jtg-i,,

    -:?-;liwii' i= -ig':' .e"i//'1･ 2li-"･'9'(/i '//.tZ･-l-t/tL-g)i'mai'29-'(gi. 'z g+i,,, z ,), `

an"d

    . + iy. /,,- g･.s,f ,-Vi2H 9m(!i't-vV-gl; g-)i-'MliT, (sin -rr4- g±ices fg) dg ･

From B' to Cf
                 t tt
     ' " -ls/t.is;･Lg,i(V9,-i+(i--g-)sin-ii/ie'l-i-),

                           co

                                                     ,                                                     ;･   ･'1' x+iy..x,+i:,+SiqS･,i(Vq2-mi+(i-h29m)sinu'tV/1"ffgLi)dg.

                             co ,                   '                                                   '
The calculations are carried out by series expansion and by numerical integration

qp.dthq,,re$glt,s,,qy.eshown,inTable,1.. ･･,.,,,,/ .,,,, .･, ,,., ,･,

,,,,,,,,.i.,In, prq,.er to obtain the,stream li4.es near the seawall, the inteysecting points of

tb.s,{$Preq,m,lines e,i,= Q.1, O.2, O.37 O.4 and O.5 with the equipotential lines g F; -1,O

anq,.1, .taz, ,e. g41Qula-te.d by ,s.,eries expans,ion, with the results,qs,tabuiated in Table 2.

    When g is large, the coordinates (x, y) of the seawall;can:bg,dpveloped by the

descending power series of g in the following form;

                                                           '    . - vi･" o.2222 logg + o.o362 -},L + o.oo6S -ik/ . o.oo64 -a.'L o.sgs,
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y -ne / g (-l･ii n'6.6346 -S- - o.oosi lgi, - o.oo32 Egigi> + o.7o44 .

                           Table 1.
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   Table- 2.･
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   From the formulae, the values of x and y are calculated as shown in Table 3.

By using suitable unit, the value of x at the point (g =1, e = O> can be taken to

be equal to 1. Then from Table 2 and 3 it wili be written as in Table 4. The

values of the coordinates of the seawall shown in Table 4 may be expressed app-

roximately in the interval x =: O and x == 20 by the following formula

                          3, - 4`V`t + o.o6Ml'7J-ll2 ･
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Table 3 Table 4
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                                  Plate 1.

    There are many small ports buik on the sandy beaches of Hokkaido, Japan,

but only a 'few of them" are in a tOlerable state to avoid the sediroentation of sand or

erosion of the foundation of the seawail. outside forms of seawalls resemble somehow

the curve shown in Plate 1, Though the stream lines near the coast are too compli-

cated to be calculated from mathematical consideration alone, it might be advised

at Ieast that the construction on sand beach should have the outside form of this

type,

* Kitami Monbetsu is an excellent example.


