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Three Variable Polynomial Displacement Function Method for Structure Strength Analysis
-A Tool for Primary Structure Strength Design of Ships-

by Shinji Otaka, Member

Summary

This paper proposes Polynomial Displacement Function Method where elements are assumed to strain by a system
of displacement functions of polynomial form in 3 variables with enough degrees of freedom to satisfy both equilibrium
equations and connect conditions that are required to form a structure model as a ship hull.

This method can calculate strength of structures contain panels, beams, frames, and pillars. It is also applicable to
evaluation of elastic buckling stability and to vibration analysis by using the same model. The way of forming structure
models is quite intuitive and easy to understand the relations between elements, substructures and their total structure.

In this method, the element-model is developed in three steps. The first step is to enumerate all independent
polynomials in 3 variables of 6t order that satisfy local equilibrium equations. A solid elastic body is assumed to deform
in the way expressed by linear combination of these polynomial displacement functions. At second, the body is
degenerated to a plate, to two-dimensions, with full degrees of freedom in deformation. Lastly, the shape of the elements
and connect conditions are determined so as to three-dimensional structures can be built with the elements. In section 2,
the caiculation of degree-of-freedom and the requirements for structural elements are explained briefly.

In section 3~8, the procedure of strength analysis by this method is shown. As local equilibrium condition is
already satisfied in element displacement function, only total energy balance is considered. In section 9, some results by
this method are compared with theoretical ones. One three dimensional structure example, a box-beam case, is illustrated
and one actual case, a deck-vibration analysis, is presented.
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P30 32 4.01865 4.01895 (1.00007) 4.01923 (1.00498) 9.5 j{pIuPp
VUi E 1.14359 1.14928 (1.00014) 1.12962(0.9878)

£&2.000m]. M 1.00(m]. X 0.30[m]. #E 0.01[m] D
BEWTWAER M TEEINTWVD, ZOHRMEDOEE
EARD B 025N/l BT ERMb > TWEHEE T
— 21 &35, EFOKRFEEHIZ 0.50[Pal DRI EH 0>
SRR — X2 LT 5, ZOMEMIAERZ>OHEA

FERIT TableS D LRV . AFETRRARZDLHEF - T
bEELIERESHFONLZ &b D,
RO FH AN —ARIZHAE IR D BETRIREIZ OV T,
AFyE L ERER S OB % Table.6 12777,
Table.6 Buckling Load of Rectangular Plates [N/ m]

WZ2WT Fige DX D ICERDEEZ L TR A OEMZRD,
R sl pene | nawe = FREE BRI & DB % L7 (Table9).,
bbb 1.00 759.170 759.2 1.000
L0 045 422 sa5a Lo00 Table.9 Deflection of Box Beam [107 m]
1.60 797.825 795.3 1.003 7N JF—A L =2 2. Bz
2.00 759.388 759.2 1.000 AL 2.607 2.635 2.61
WinEE 1.00 1918.70 1913 1.003
1.50 1706.58 1575 1.084
(1586.94) (1.008)
2.00 1672.83 1494 1.120
(1497.16) (1.002) s A
MEEE. X 1.50m] & 2.00[n] i W TEEZEN 10%H] Fig.6. Elements of Box Beam  Fig.7. Deflection of Horizontal Member
BIZRotz, TE, —EFEANTORMOERBTBRE Wioor—R 2 OWESRET, BEMOMEZ 03 b,
T EBEREREESPFRTISL, FRERE 45EI L 0.6,0.9,1.2,1.5,1.8[m] & L7z & & D KFEEA O LMROER
BERITHEONDOEOL S ICHERE L I~ LT, L BHRWOEA % Fig8 & Fig9 \oR"7, 5L LT, =&
Table.7 Natural Frequency of Rectangular Plates (1%order) [Hz] XEE —EERE CAEEE L TCZUEEDEL TH UM
TRl Eim] | A B AB B, TEOROEMEHFET S,
DR 1.00 1902 490156 1.000 SRR T’Em i
150 3.54001 3.54002 1.000 o000 -
2.00 3.06348 3.06348 1.000 \\\‘\jmmﬁ
DEE 1.00 8.9558 8.921 1.004 R i\\
1.50 6.71862 6.690 1.004 B
200 6.11570 6.176 0.990 Fig.8 Deflection of Center Line Fig.9 Deflection of free end side
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FEHH MAE KT D & RREORINENRE T BEEM O
HTRIMESME T L. ZORER. K O 7o & EAEINT
DONBETE D,

9.1-5 7B BFHEIEB O/ SN - B ORI
BARCHMCGEATEDEEZOND,

9.6 Ei~OKLHAA (PikikE)

REGRCR R RICREOREVER SN f2 s 5,
HEHAEEOHE % Fig10 12777,

RENIH I 75% & 100% D & EEEFEIN . FOLED

BERWEEIT. FNFN 3549z, 39.05Hz Tho -,
—\_/_T\ e

-5X120+4 5X3SAB(T)

—

L~

4

" aoxarm

45X120+4 SX35FB(T)

»
O

15X120+4 SX3FBIT)

Fig.10. Deck Structure
40 x 4 (FB) O #B38M TBHE NI/ E R RO BEH IRE
L, FHELRW, RIZh T A BRE, H—F—T
FAE N B/ SR (1.000(m] x1.125[m]) (Fig.11 £%&/$x
N1, FTaEARNV2ET5, )2 Figll XS4 538 LT
BAER O BRIRE B E KD To, I FHRM & S5 LTH
W, RO oD RFEFIZOWTHEEZIT- 72,

HHRESAE 1 DO F (O E CREEM L ERNEM S
FRTHPEEEOERKRIZAE) .
XEEE2: b UTLLOBEAHTCEEL (ZOUDS

BN T Zry NTEREINLTWS, )
MWL FF
R ASANOBEFREO FRIIZFERSF 1 THLND,
XREEHE2 TS Y ATOEERED OEFIRBE. LD
TITOWTOFEATEEERE B &V ) RHFRED O FE AR
B ARMEER, ROEERESWEAETH I D, BB
DOEAREFEIIZFSL 2 OB/EBLIVNAENESH L T4
anbd, FEFEFRE%E Table.10 12577,
Table.10. Natural Frequency of Deck Panel [Hz]

Fig.11. Elements for D.S.

NRENV 1 RN 2
XEEE 1 61.05 65.80.
XF G 2 81.42 88.13

ZOMROBEERORENIT HFRE(F T FH) & H—
F—CHENTHER SIS ZROBEEFE (K 75%D
& & 709802, 100% D & % O 78.09Hz) 1Z3EHR L7720 =
ofEELZLNS,

T OFETRIR DO ERIRICRE STV DHEERE (3 4)
RIEE 40[nm] 2> 5 70[me\HEMI L, fLOMIRM ZE LTz &

VIS BRI LA MR R - SRR

231

T B, ZDEEDARNOEFIREE A 1910 X O &M TR
BT 5L MEEM CTHENZ/NE 2R IOV T 133.63Hz,
W SR NEER T 87760z & 725 T, EBEOXFELMAETIE
BEERBEIZINLOMEL Y EL . ZROBEEEHOLIRE
BEIITND7E59, FROE I M TEEEELT, A
BEREMELERTS L. HHEREZEETHZ L bR<,
TaRFEEALORIEFZEITAZENTELZTTRL,
THELELTZEBTE S,

9. ¥F&8

BEORENZE S, BEROEA BH) BRcds L
WOHOBEPL  BMABETETVORER L LT ARLVES
CREERDOREMATOFIEEBE LT, 20L& BMNRE
HRTRINIBHEAROEFEHE L BEABERINS
O DESEUEPESEEROL I ERET VBRI LI,

% DI T HEXAENM B E V556 O RIERER
ETFNORRE LI UEDDE., HDEVIEERERET AV, O
SEEH BT L,

AFETIE. BEROE %, TEEELF - T£EAE
EMBEFERICESCEHOAL LTEBRLTWS, ZD7D,
IS BERLDRENT & A — DR EET V% AW ORI ECE
HIRBIOBAT S CTE BEREZM TS 2 L8 T& 3,

19, 554 | CITFERRME & LB TE 2B &2 W< DR LTz,
FOR, BMEF AT T A0 ERINRMTRT E Lz, &
1R D 6 IRZIERAEN BB CR BT 2HTRE O E O fif
HRsRPIFECE, ERLEENTHDZ L 2mB L,

COFEPBET VA COBRBTHV O BEEEFICE
SLERFHO. HRRBERRORHBTORDLIITRY
B ERHENOERICRNI S L 2T 5,

EEFE XM

1) A TRtk - M) BIAHR
2) By I3 AXFEEAM| AL

3) B At JHFE H LV BEB AT EE O A LI BE
TAHEOD~AV). FERIFEEHAELFRESRE
Vol.4 pp147-152, Vol.5 pp431-434

4) dbin, BEEF. B SR, KEE )IFE SR OEAL
DB R EB LI ) — FUREICET AR,

FAEHEYSE 4 BAENFTRESHXE
pPp399-400

5) SPFEV=r: HEAZE] BEREHES

VERARD T1%) Bk

DEMRRREHMER) WX E

6) AV r=w—Tx/Lh:
7) BEEERES
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