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Periodic Response of Three Dimensional Floating Framed Structures

by Koichiro Yoshida, Member Kuniteru Ishikawa, Member

Summary

From the following points of view, periodic response of three dimensional floating framed

structures is studied in this paper.

What is worked on is three dimensional floating framed

structures which consist of plural columns with immersed body and connecting members.
(1) The relationship between member force response and motion response should be
clarified for the overall structural design.
(2) The amplitude and phase lag of member forces at member junctions are needed for

the local structural design of junctions.

(3) The effects of flexibility of connecting members on the motion will be important for
large scale floating framed structures in future.
A new analytical method based on the fundamental concepts studied by authors so far is

developed to discuss the problems mentioned above.

On the other hand, model tests of

several types of three dimensional floating structures were conducted to evaluate the applica-

bility and the accuracy of the new method.

The calculations are compared with the experi-

ments and several comments on estimation of member forces of connecting members are given

from the calculated results.
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Fig. 22 Axial strain of LK 90°
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Fig. 24 Axial strain at horizontal brace of LK
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BRI R ERC H 7 D HEE A 5 » T i
ZERATRUET,
o, FANEEELDBRDSIVERI I WiE

HRLMH TP EE KR XOCHEATRZ O 2k
#ofcLE 3, ok, BEFEE, HEAyARtE
#4 v x — HITAC 8700/8800 % L=

Table 2 (A) Table of wave exciting forces

: Force=a/a2+B8%cos [k (xcosx+ysiny) —wt+y]

(o4

B

X D[w? (pVw+Max) Qlc+wNxQlc]

v Dlw? (pVw+May) Q% c+uNy0Q2 .1

Dlw? (pVw+Max)Qis+wNxQls ]

Dlw? (pVw+May) QF s +wNyQ3ig]

v| [w? (pVw+MaylewtuNye 3] tany
Horizontal z| [w? (pVw+Maz)e 3-uNzey lseey
Element ¢ 8]

8| [-w? {pVw+Maz)es+Nzweglsec? Y

] [wz(pr+May)€5+Nyw€5]tanxéecf

{ Diagonal 4 Dlw? (pVwtMaz) Qic+wNz03c] Dlw? (pVwtMaz)Q3s +wNzQ¥s]
] Element ¢ D[w? (pVw+May) P2c+uNyP2c ] Dlw? (pVw+May) Ps+wNyP2s]
8| -DIlw?(pVwiMax)Ple+uNxPle] ~Dlw? (pVw+Max} Pl +uNxPlg]
1 0 0
x wlxecesyey w? (pVw+Max)cosxe
] v wNysinye; w2(pr+May)si4xel
Vertical z wz(pr+Maz)€1—npgA ~wNze,
Element ¢ wNysinye, w? (pVw+May) sinye,
8 -wNxcoeye, ~ w? (pVwtMax)cosxes
v 0 0
x PVww? € 4 HNxwe 4 pVww?e 3 -Nxwe

[w2(pr+hayk3~wNyEg]tanx'
[~w? (pVw+Maz)ey-uNzes]secy
0
[w? (pVw+Maz e taNzes] see? x*

[w? (pVw+May)e +wNyes | tanyseey”

b4 o] 0
Diagonal,
v 0 0
Vertical &
4 0 0
Horizontal
¢ 0 0
non immersed
5] 0 0
Element
] 0 s}
Notations a ; wave amplitude K ; circular wave number
X i incident wave angle ; circular fregquency
Y : aretan(-B/a)
o ; coefficient to the term cos[k (xcosytysiny)-wt]

w

coefficient to the term sin[v{xcosyx+ysiny)-wtl
Mai ; added mass for i-directional motion

M ; mass Ig ; moment of inertia
Ni ; damping ccefficient for i-directional motion

A ; sectional area Vw ; displacement Volume

p ; density of water g ; acceleration due to gravity
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Table 2 (B) Table of wabe exciting forces
Notations X =x=v v ; rotation angle about z-axis
(continuesd) n ; n=0 for fully immersed €lement i
n=1 for partially immersed element ;
e = expl-k(La+lso=1o)J-exp -k (T;1+72)] i
! ZOK
,= (klo-x11-Dexp[-x(L1+12-19) 1+ (14+kly)exp -k (l1+1,)] !
Tok? , i
= sinlit+sinL, s _ cosLi-cosloy s
€a% T exp (~KZi) Ey= exp (-KZ1i)
es= cosL2~cosL1;L?§1an—L1S%ﬁLl exp (-kZ1i)
0K
co= stnLitstnly-LicosL;-Locosls exp(—KZi)

ZoKz

Ly=1,Kcos¥ Ly=lskcosy
D =exp(~-KZi)/TyK (c23+E23)
Q1 s=A7ski-Aicks

i i i
Qes=Asski1-Ryck:

Ej=ajcosytbisiny
i_ i i,

Q1= Ais katAic Ky
i i i

Qrc=Kas KatBoc k)

i i i i i
Als=cic;+EiF;s Ajc=ciE;-Eicy  HKps=Aic Bhc=-Ais (
ki=Ji1cosTy=%208T, ko=J15tnTi+hsinT,
J1=exp(~kc;1,) Jy=exp (kcsyly) T;=KE37; T,=kE3l>» {

i i, i i o,
s={H1c08T1-Hy8inT1)J1-(I1c08T2+I,81nT,)J2
i i . i i, i
P1c=(HlsznT1+HzcosT1)J1+(IlsznTz—Izcost)J;
Prs=(H3c08T1-H43inT1) T~ (T3c0sTo+I58inT2) I,

Pho=(HssinT  +HycosT1) T+ (Ts84nT2~IncosT2) T2 :

i i

i : i i i . 1
Hy=g3la+iy I3 = =gsla+£] (3=1,2,3,4) ;

: i i1 i i
g1=-C3iC3-E;iE; go=-CiE3+E;C, g3 =92 g, =-d)

f12=—2CiC3D3E3+Ei(C23D3"'D3E23) i

fi= -5

i
f1=—ci(C%Da“DgE%)‘ZCsDaEiE3
fy= £3

Ds = 1/x (c3+E3)

= [ax by Cc) i
az b, Ca :
Laa b3 Cj3 E

€ ; transformation matrix from local coordinate to global
coordinate
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