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ABSTRACT

The investigation on the boundary conditions and natural
frequencies of connected structures using assumed mode

method

Park Jeong Hee

Advisor : Prof. Yun Duck-Young, Ph.D.
Department of Naval Architecture and
Ocean Engineering,

Graduate School of Chosun University

Many studies using the assumed mode method have been found for the
free vibration analysis of stiffened plate with known elastic boundary
conditions.

However many local structures such as tank edges and equipment
foundations consist of connected structures and it is very difficult to find
suitable elastic boundary conditions.

In this study combined polynomials which satisfy simply boundary
conditions and fixed boundary conditions are proposed. The proposed
method has been applied to tanks which bounded by bulkhead and a deck.
The results of this study shows good agreements with these obtain by the

FEA S/W.
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TATATA SRR VAVA VA /AR VAV |V R VAR VA

WYY - WY, WA e wudy,

[m]=025p-L -1
U v duww, dvdu o dudy,

GUMY - QUYL QWA e QWY

(6-66)
VUYL VY, WY WY,
2025 L [PV VKL VUK VAR,
' U T, TR T
TUMU - TV, TR T,

(6-67)
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b OFOd LIEFLHE® Oteliet 201 E8 JHsGtC.

0w
== - X' Y 6-68
g X©- 0 (6-69)
8w 2_ 4 2 _ 16 ) i ‘ l_2 B
(862) _(z_% X' () Y(c)) drdy= I X" (¢) - Y(Q)] LS (6-69)
o\’ Ly 2 _
I (8I2)dxdy=4 D, 5 - [ 1x7 (@) - vioPasac (6-70)
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WUy o ey, viudy - vudy,

i {@Tﬂ_ﬂl_z Wy - Yy, Ywdy - dydy,
“\og LAy - duvw, dudu - dud,

duly - Swlv, dudy - dudw, (6-71)

v - WY, wdy o widy,

Ik {ﬁf}zw.a.%m% - VYV, VYR - vy,
T VA T A 1

BV, - SYY, SV - BB,

(6-72)

Vil - Vi, eyl - viudy,

”m@.@zmdlgi%%m R ATV TATE VR VAT AT

o& of’ DL | duwd o dvwy, dudyl - dudy,
Fwwyl - fww . Syl - fudv (6-73)

AV VA VAV A7 VAV VAT

”41) {a%v}:m 11 WYY - WYY, VR - Y,

7\ og¢ YL vy - vy, dvdy - duidy,
VAVAT VAR A VA VAT AT VAR AV ATA (6-74)

- 46 -

Collection @ chosun



o3
<+
oI

11

O=F

=13 =5
==

Ol CHEE H2Z2 wy(zyy,) & &2

39

10l A

o3
<+
ioll

_47_

Collection @ chosun



H &k

=N

80
A
&l

oI

i

R0

PN
=

=

FOXF HA Euler 282

¢}

(0]
[y

|

=
=

I

KJ
Ok
r

i

pra=al

}

¢}

=
=)

A o2 Patran / Nastrans At

83
o
&l
O
ol
<0
180

ol
U

EHel =2 Fig. 102t

(=}

_l

Density [kg/m?]
7850

Elastic Modulus [M,/m2]
21E11

oI
RO

1
4

0
Ulo

tot0d 2 A2l

2+0
o

=N

70

00

1
<+
100
180
=

I

r

ch&= XXl

al
=<

S|

RO

Table 3 12

nd
78.265
37.318
31631
29.910

W; panel

1st
38911
30.067
28.752
28.323

FEA

Znd
29150
23132
29.161
29.141

Wy panel

1st
28119
28117
28.116
28.114

2nd
79.5598
38.2285
317284
29.9250

W; panel

1st
39.6509
301476
28.8382
284347
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291719

29.1710

29.1707

29.1706

Wi panel

1st

28.2582
28.2582
28.2582
28.2582

2m
2m
2m
Zm

L
2m
4m
6m
8m

L,
2m
2m
2m
2m

Ly

10m
10m
10m
10m
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Calculation Results FEA
Ly L, L, Ly W; panel W; panel W; panel W; panel
1st Znd 1st Znd 1st Znd st Znd
10m 4m 2m 4m 73174 84221 242613 66.5475 7.289 84135 22.595 65.952
10m 4am 4m 4m 73174 84211 9.9257 204237 7.2926 8.3736 9.9945 20678
10m 4m 6m 4m 73174 84209 8.0618 119233 7.2894 84561 8.06 12036
10m 4m am 4m 73174 8.4207 7.5330 9.4307 7.2854 8.3852 T-DZTS 94263
Calculation Results FEA
Ll LZ L3 L\4 W1 panel W; panel W; panel W; panel
1st Znd 1st nd 1st 2nd 1st nd
10m sm 2m sm 48210 6.0355 227025 § 65.2687 48372 61126 21289 64.061
10m sm 4m sm 48210 6.0346 7.7592 187341 48271 6.0555 79146 12248
10m 5m 6m sm 48210 6.0343 5.6593 9.8768 48218 6.1203 5.7169 10156
10m sm am sm 48208 6.0342 5.0606 7.1596 428151 6.0707 5.105 7.2607
Calculation Results FEA
Ll I_2 L3 L4 W; panel W, panel W; panel W, panel
1st Znd 1st Znd 1st Znd 1st Znd
10m 6m 2m 6m 34765 47952 219302 64.6035 35219 49357 20.579 63.508
10m 6m 4am 6m 34764 47544 6.6836 17.8992 3.5076 48633 6.8827 18.545
10m 6m 6m 6m 34764 44059 88678 34994 5.0291 45038 9.2425
10m 6m am 6m 34764 37410 6.0089 3451 3.559 4715 5.081
A AN FEA
L1 L2 |_3 I_4 W; panel W, panel W, panel W; panel
1st 2nd 1st 2nd 1st 2nd 1st 2nd
10m 8m 2m 8m 2.1660 3.6533 19.9793 | 63.9653 2.1509 3.7996 19.815 62.33
10m 8m 4m 8m 2.1658 3.6527 5.7362 16.6369 2.2379 3.7774 5.9676 17.907
10m 8m 6m 8m 2.1658 3.6525 3.2489 7.9454 2.2234 4.0017 3.3912 8.4389
10m 8m 8m 8m 2.1658 3.6525 2.4780 4.9726 2.206 3.8013 2.6315 5.2166
Mo AN FEA
L1 L2 |_3 I_4 W; panel W, panel W, panel W; panel
1st 2nd 1st 2nd 1st 2nd 1st 2nd
10m | 10m 2m 10m 1.5860 3.1835 19.6919 | 63.6776 1.6688 3.438 19.569 61.910
10m | 10m Am 10m 1.5858 3.1830 5.3571 | 16.8109 1.6906 3.3351 5.5970 17.634
10m | 10m bm 10m 1.5858 3.1829 27747 7.6042 1.6697 3.6048 2.9365 8.112
10m | 10m 8m 10m 1.5858 3.1829 1.9366 4.5556 1.6448 3.3624 2.1369 4.8292
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[Moment Continuity]

Y4 (1)+ y'p(1) (7-5)
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Lagrange 25 ZHEACZ fH M, KHIZA 85 Sd8AZ2 22 = QUL

(ng)— %ﬁ ng: 0 (7-14)
M{ + 8—EIK{p}: 0 (7-15)

%{c}/[Mnch Lﬂ[c}’[xﬂo}{p}: 0 (7-16)

Her o 2N #ES DEOMYE S0 UE ML AFAO) 25 25t 41(7-16)

1 1 1 1
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1 o1 ] C
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1 S 1 o (7-17)
_?¢ml//l e _?¢ml//n ?¢m¢l e ?¢m¢n

- 54 -
Collection @ chosun



v, v, W v,
Wle l//ml//n l//m¢1 l//m¢n
[mz]:ml2
P, oy, bd - Do,
y, (n) Ol CHEH 28 se
l " n l " " l in l Yo
E 171 EW}&”,, _Ellllﬂ _Ewl¢n
1 1 : l: | :
el SRl Z et SRR A
-2 Ty
= v,
o 'S el
l 47 ! " 1 ‘n y 1 ‘n y
T _;¢m ! y(ﬁm(]ﬁ] E¢m¢n
yg(n)()ﬂ ek 28
O A R 4
217 T3 "on "non nin "en
AT A YL
S S, b9 .9,
S AXE9 A FE(M)Y LA (K)S HMESZM
AbE A QU

- 55 -

Collection @ chosun

(7-18)

(7-20)

rr



1 1 1 1
vy (l+—=) - yy,(+=) yad—) - ye(l-—)
. a . a . a . a
L L I F
vn(+—) -y (+—=) wa(0-—) - y,é,0-—)
=mi w :
ﬂ%(l_ﬁ) : ‘ijﬂl/n(l—ﬁ) ¢1¢1(1+*3) : ﬂ¢n(l+7)
. a . a . a . a
1 1 1 ] (7-21)
ow—7) - ow,(—7) ¢40+—) - ¢41+—)
o [04 [04 o
1 1 £ 1 E 1
wil(1+-) vM(lJH) v/(/&ﬂ* =) - V(/%(**)
L« a o o
1 13 1 ' 13 1
v/mv/(l%) v/%(l%) wd—3 - ydl—
[]4_51 / oi Fd
L L1 .
#(1— ; ag) ‘lM(l a;) A1+ dg(1+a)
13 L - o o (7-22)
di— R ag ¢u4(1 P ag #d(+c) #d+a)
fig.5 |0A Bt HAIG 88Ol Z2UE 8oz HEE o Aoz &
2E29 " &)l s M4 AXTAHE 2=03H ' I HERXE=
DEMY yoREEO BN LS yITESO YD L0 FIEOZM
AARXN et DRASHE HES IEAH I Q0| & RESH CHst
HAoA OS2 X elorE L
4 ML KL
5 y1(8)- 4 ML M2.
I 4 n
ya2(§) — = &
M2 .K2. K2.
T
Fig. 11 HZAFX=9| XtuA tt=3}
? A HEHUHMN & 2ES yl, y22| Z0|JF 208 & FEXE=22 2)| st
IRAs2t BEE 2H0 y2o! ZO0IJF 00 JINE &2 y1>E29
- 56 -

Collection @ chosun



(5-12)

<

FRACE.

o)
ol
ar

ol

s

mll

B
o
Rl
0

ol
aY!

[}

K
R0
gJ
1

oF
i

&)

o0
0

Al
ioll

0

OA adl =

3
100
160

L

y12l It

o

AK
@r_a
nD
mJ

ch=X
X Z=2A2 Hl==0l HIoh B2

OH

’ y | 2d EA—| 1S |
| |

_57_

Collection @ chosun



s

<J

4
o
Kl
OF

~

ol
Ok
Kq

™
0

al

Ki

R0

<F
o0
<0
60

o0

iy
ol
i)
KA

Ty

ol

!

Ju
AK

oI

Y

UI'E,‘

o

{off 22 0l A Hl w8t

ok

=
1o

ilo]

Ok

fill

10
o

(HO

=

- Clamp - Clamp =21

(7-23)

< %)
n_é §
N~ N~
=
=
=
N—
HWJ
=
N—
= -
=l < | S
wj, . .
= | =
. N— N—
DY <
=R R
o]~ ~ | =
I s | £
= =
x — —
= 1f_ lf_
< IV
N—
HWJ .
- 3=
& S
=
(=]
- s
53
Il Il
e 3

—DFXA 2HUHML 1R

=~
o

oot 1

©
X
=
Iy Iy
e ]
= | =
S~— S~—
B =~
= =
= | =
S~— S~—
N
1f_ 1f_
M
I
.
)
S~—

- Clamp—Hinged =&

(7-27)

_58_

Collection @ chosun



¢ ()« ¢;(n) + dn (7-28)
1

w= = . (7-29)

]
0
|
m
>
pa
sl
Y
<2
x
10
>
h
N
02
0o
X
1
rr
>
i
wW
S
o
N
a

(7-30)

o

= v,(m)
El Elastic Modulus [N/m?] Density [kg/m?]
2.1E11 7850
yz(m)
0.5m
0.2
T "

Fig. 12 123 Ho| S4%

Table 4 2= S &0l /et HZL A
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f

Mode Coefficient of Euler's Beam
According to the Boundary Conditions:
(8.0
1st order 2nd order 3rd order
Clamp—-Clamp 22.4 61.7 121.0
Clamp—Hinged 15.4 50.0 104.0
Length Ratio (L : L) st order 2nd order 3rd order
‘ FEA 15.83 22.0 48.9
t A2 D 15.5 22.4 53.9
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FEd Z5S <ol Fig. 110IAd "—' &8 5% 2X=S0 2

O #13t0ll et =et A (FEA) Z0te Hlw /HE &t

89
Q

Table 5 2& &SN 2fst 2t A& 20 Hlw [Unit : Hz]
Mode By Mode x|t % U e HEBS ANTD FEA
L1 L2 L3 L4 W1 Panel W2 Panel W1 Panel W2 Panel W1 Panel W2 Panel
1st 2nd 1st 2nd 1st 2nd 1st 2nd 1st 2nd 1st 2nd
10m Zm 2m Zm 282797 | 252433 el 282553 291707 |R39ESIS | TR 7547 28119 28150 38511 TB265
10m Zm 4m Zm 2832799 | 292547 / 283258 29171 301476 38229 28117 2913z " 30U06T 37318
10m Zm 6m Zm 287813 | 253515 7;\ 28258 291707 | ZRE3IRT | 317734 28116 25161 28752 31631
10m 2Zm 8m Zm 282816 | 293867 / 28258 281706 | 28434F || 59250 28114 25141 28323 29510
Mode By Mode 2 x| I A G OREE AIUED FEA
11 L2 L3 L4 W1 Panel W2 Panel W1 Panel W2 Panel W1 Panel W2 Panel
1st Znd 1st Znd 1st Znd 1st Znd 1st Znd 1st 2nd
10m 5m 2m 5m 48786 €352 _ﬁ 48712 6.0355 227025 | E52687 48372 61126 21289 E4.061
10m sm 4m sm 48684 £3311 // 48212 60346 77592 187341 48271 60555 75146 15248
10m 5m 6m 5m 48636 66024 i / 48212 £.0343 Le5o3 28762 48218 £.1803 57169 10156
10m 5m 8m Sm 48576 65358 / 48210 £.0342 C.0EDE T15%6 48151 £.0707 E1050 72607
Mode By Mode 2x|% I O T MRS HIAEDL FEA
L1 L2 L3 L4 W1 Panel W2 Panel W1 Panel W2 Panel W1 Panel W2 Panel
1st 2nd 1st 2nd 1st 2nd 1st 2nd 1st 2nd 1st 2nd
10m 8m 2m &m 22770 41117 — 21660 36533 108753 63.9653 21509 175956 19815 €2.330
10m gm 4m &m 22539 41009 / 21658 36527 57362 166365 22379 37774 E.9ETE 17507
10m 8m 6m &m 22385 34625 i 21658 36525 32485 75454 22734 40017 33z 84389
10m 8m 8m &m 22223 26545 / 21658 36525 24780 9726 22060 32013 26315 EZ16E
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