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THE DYNAMICAL STRESS DISTRIBUTIONS OF
STIFFENED PLATE CONTAINING WEB FRAMES
DURING VIBRATION

By Shigetoshi SHIMIZU* and Masashi SATO**

The eigen-values and the dynamical stress distributions of the stiffened
plate containing web frames are analyzed theoretically. As a numerical ex-
ample, the free vibration of forepeak tank bulkhead of 67,800 T.D. w. tanker,
-the web and ordinary frames are arranged alternately, is treated.

The effect of the aspect ratio of panel on the lowest eigen-value and
the corresponding mode are very important.

The effects of the bending stiffness of the ordinary frame on the mode
shape are hardly recognized for the large values of aspect ratio of panel,
but it becomes important factors for the small values of aspect ratio.

An approximate calculation method of the eigen-values of the stiffened
plate contained web frames is introduced, the calculation results agree fair
well with the exact solutions.

The considerably high dynamical bending stress concentrates at each
joint of the plate and stiffeners.

1. Introduction

Author’s report® treated in details the dynamical bending stress distribu-
tions and the plane stress of vibrating stiffened plate, and analysed the causes
of the crack damage of the joints of plate and stiffeners of ship structures.

Using the previous method®, in this report, we analyse the dynamical stress

distributions of the stiffened bulkhead at the engine room or the forepeak tank
of the middle class tanker such as 70,000 T.D.W., on whose bulkhead plate
the web frames are arranged between the ordinary frame and the other reci-
procally.
" Also, we introduce the approximate formulas for the four typical normal
modes of the semi-infinite long stiffened plate, whose dimenions and the ar-
rangement of the stiffeners are same as an anactual bulkhead.. Comparing
these approximate formulas with the exact solutions, we can conclude they
give so good approximate eigen-values and stress distributions.

* Associate Professor, Research Institute for Applied Mechanics, Kyushu University.
** Associate Professor, Kitakyushu Technical College.
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102 S. SHIMIZU and M. SATO

2. Assumptions

We make the same assumptions as the previous report®, that is:

1) The plate is stiffened in one direction, and simply supported along two
edges which are perpendicular to the stiffeners.

2) Though all the ends of the stiffeners are restrained for torsional rota-
tion, they are free to warp.

3) Since the natural frequencies of the longitudial vibration of stiffeners
are extremely higher than those of the lateral vibration, the effect of the
longitudinal vibration of the stiffeners is neglected.

4) The cross-sectional distortion of stiffeners is neglected.

5) * The tangential component of inertia forces of the plate is so small
compared with the normal ones that it is neglected. The plane-stress condi-
tion of the plate can be assumed as the statical two dimensional problems.

Notation

x,9, 2 : Rectangular co-ordinates (Fig. A 1.1)
L : Length of plate or stiffener

B : Frame space

E : Young’s modulus of elasticity

v : Poisson’s ratio

tp: Thickness of plate

s : Thickness of web plate of stiffener

Etp? . eq
TZ—fTiTZ) Flexural rigidity of plate

D=
0 5 . nw fot . . .
=0 sin——%x e Rotation around x axis
nw
U = 1l c0OS——X% etot
oS
_ . nRm . . ) . . . .
v =0 Sin—p-% gtot Displacements in direction of x, ¥ and z axis
_ . onw
w =1 Sin——x et
L

_ nwB
A="T

2
K =(1217_D0L_)%' B Eigen-value

o : Circular frequency
r : Weight of material of plate or stiffener per unit volume

* C. S. Smith? analysed the vibration of stiffened plate included the dynamical terms
in plane-stress.
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DYNAMICAL STRESS DISTRIBUTION OF STIFFENED PLATE 103

_ 14y
A=T0k
a,b,c,d, e, g: Functions of 2
a,b, c’,_gl’, ¢, g’, : Functions of 1 and «
M, : Bending moment per unit length of section of plate perpendicular to y
axis
Vy: Force per unit length of section of plate perpendicular to y axis

_ nw .

= COS——X etot . . .

G4z =4z L Forces per unit length of the intersection of
o Conm stiffener and plate in direction of #, y and

Jay =qay Sin—y =% ¢ z axis

_ . nw
qaz =4z szn-z—x glot

Mpg—iiigs sin Ty etot Moment per unit length of the intersection
L of stiffener and plate parallel to x axis

A, : Sectional area of stiffener

ms: - Mass per unit length of stiffener

{Pp}={Sjx Skj Pir Prs}

Usy=A{a; ax v; vs}

{Po} ={Vysr Virs Myjr My}

{(71;}={wj Wi 07 Ox}

Subscripts and Superscript :

7,k :jand & side of plate

A : Intersection of stiffener and plate

p : State of plane stress of plate

b : Bendig of plate

3. General Expression of the Characteristic Equation to the Stiffened Plate

The dynamical equilibrium equation at the mth intersection of plate and
stiffener is shown in Appendix 4 as follows,

KU, ,+KpUn+K,U,,,=0 (3.1)

The elements B;; and Di; of the matrix Kp characterize the static and
dynamic effect of the stiffener as shown Appendix 3. Therefore if we use
the suffix W for the web frame, reference to Eq. (3.1), we obtain the equili-
brium equations at the mth intersection of plate and web frame as follows,

KLUm_l—l—prUm—i—KzUm,,l:O (3. 2)

In the same way, the equilibrium equation at the nth intersection of plate
and ordinary frame is expressed as,

Klljn._1+KDOUn+K2Un+1=0 (3. 3)
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where the suffix O denotes an ordinary frame.

Especially if an ordinary frame is arranged between two web frames alter-
nately with the same space on the stiffened plate, the equilibrium equations
are introduced using the equations (3.2) and (3.3) as,

KDQ K2 Ul 0
K, KDW _____ K, U 2| = 0 (3. 4)
K, Kol LU. 0

The set of equations described by (3.4) is a set of algebraic, linear,
homogeneous equatmns By Cramer’s rule, it follows that there can be other
than trivial values of the U, only if the determinant of the coefficients of
U, vanishes. This implies the necessity of

Kpo Kz '
K, Kpw K, =0 (3.5)
K, Koo ]

where K;, K,, Kpo, Kpw represent the elements of the matrix K, K,, Kpo,
Kpw, respectlvely

By assuming a deflection, for example, the lateral deflection of the rth
intersection w, is equal to unit, we can solve the equation (3.4) for each
eigen-value obtained from the characteristic equation (3.5).

By substituting the eigen-vectors U obtained from the Eq. (3.4) into fol-
lowing equtions (reference Appendix 1 and 2), we can calculate the dynamical
stress components of the midsurface of the plate, the tranverse bending mo-
ment and deflection.

My=— (D/B)((¢"J—» [P IH{ i]»} sin nwsetv’ 3.6)

w=B{YI{Us}sin nr&e** @7
0o=C¢" L kp {Us} E sin nnie's* (3.8)

4. Calculation Results

Fig. 4.1 shows a part of the forepeak tank bulkhead of 67,800 T.D.W.
tanker. Let us consider this bulkhead simply as a rectangular stiffened plate
simply supported along its two edges which are perpendicular to the stiffeners,
while clamped along the others as shown in Fig. 4.2. We treat two kinds of
stiffeners in our calculation; one is' called the ordinary frames which is a flat
bar (125x12), and the other is called the web frame which is a inverted
angle (200x90x9/14). We arrange 6 ordinary frames and 5 web frames in
the same space B = 455 mm from each other.. Each stiffener is 4,600 mm
long, and whose length is the mean value of the distance between the upper
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DYNAMICAL STRESS DISTRIBUTION OF STIFFENED PLATE

INTERMEDIATE STIFF. ; 125x12 F.B.
ORDINARY_STIFF. » 200x90x9/14(7)
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106 S. SHIMIZU and M. SATO

deck and the horizontal girder. The thickness of the plate is assumed uni-
formly 10 mm. In this case 2 = zB/L = 0.311, we investigate the effect of
the aspect ratio of the panel on the eigen-values, mode shapes and dynamical
stress distributions, changing the values of A as follows; 2 =0.2, 0.4, 0.6,

1.0, 1.5, 2.2. .
Fig. 4.3 shows the typical modes and stress distributions during vibration

31 DEFLECTION
43] —-— BENDING STRESS ov
—-~-— PLANE STRESS 0x

L - ]
—— o \L____--J_-_ J_ |
oz om T ——“‘~“-L—
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DYNAMICAL STRESS DISTRIBUTION OF STIFFENED PLATE

for three different As: 0.31, 0.6 and 1.5. Since the mode shape of each 1 is
almost symmetry about the centre line of the stiffened plate, we show the
mode shapes of the left side of it.

The bending stress curves in Fig. 4.3 are plotted by the ratio of the
bending stress o» and the fatigue limit of the material of the stiffened plate,
on the assumption that the maximum bending stress is equal to the fatigue
limit ¢» = 22 kg/min%.. We plot also the inplane stress ¢ which is expressed

EO. 5 Ox/0F

(a)

v {5528

1.0
0.5
\\

=—K

L .\—'
0.1
0.2 ox/or

L2 x102 gx/oF
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same manner as the bending stress.

Assuming the fatigue limit is equal to 22 kg/mm? we find the ratio of
the maximum deflection of the stiffened plate and the frame space B, corres-
ponding to the maximum bending stress in the plate gets to their fatigue limit.
We show the calculated values of (w/B) max in Table 1 with the natural
frequencies cycle per minute.

Table 1 The ratio of the maximum deflection wmax and the frame
space B, when the maximum bending stress on the plate gets
to the fatigue limit or=22kg/mm? (The dimensions of the
stiffened plate are shown in Fig. 4.2.)

A L/B CASE (w/B) max frequency (cpm)
0.311 10.1 1 4.95x 102 1,470
0.6 5.2 2 2.95%1072 3,370
L5 2.1 3 0.616x 102 11, 050

In Fig. 4.3 (a) corresponding to the stiffened plate shown in Fig. 4.2,
the aspect ratio of the panel L/B is equal to 10.1, since the ratio is fairly
large, the apparent bending rigidity EI/L of the web and ordinary frame are
small. Therefore, each stiffener deflects in the same direction and the stif-
fened plate vibrates transversely as a whole.

From the bending stress distribution, we find out that the plate between
the two web frames is almost clamped at the intersection of the plate and
web frames, while the deflection of ordinary frames are pretty large and their
inertia forces act on the plate as the concentrated force. Therefore, we see
the pretty high stress concentration at the intersections of the plate and web
or ordinary frames. Since the distribution of the inplane stress ¢ is nearly
uniform, the effective breadth of the plate is approximately equal to the stif-
fenér space. '

When the aspect ratio is comparatively small value, say L/B=5.3 (A=
0.6), the ordinary frames still vibrate transversely, but the web frame vibrate
torsionally as shown in Fig. 4.3 (b). Since the length of the stiffeners are
small, the apparent bending rigidity of the ordinary frame becomes higher
than the rigidity of the case of 4=0.31, and therefore the effect of the
ordinary frame on the bending stress distribution is large in the bending
rigidity rather than the inertia force as we see the bending stress distribution
in Fig. 4.3 (b).

" When the aspect ratio of the panel becomes smaller, say L/B = 2.1 (A=
1.5), we see both of the ordinary and web frame vibrate torsionally, as
shown in Fig. 4.3 (c), but the distribution of bending stress shows the edges
of the plate at the intersection of the web frames are almost clamped, and
then it may be considered that the direction of the rotatory vibration of web
frames reduce the slope of the plate at their intersections.


library
ノート注釈
library : None

library
ノート注釈
library : MigrationNone

library
ノート注釈
library : Unmarked

library
ノート注釈
library : None

library
ノート注釈
library : MigrationNone

library
ノート注釈
library : Unmarked


DYNAMICAL STRESS DISTRIBUTION. OF STIFFENED PLATE

In order to simplify the calculation, the web frame constructed by the
inverted angle shown in Fig. 4.2 is replaced by -the symmetrical T-section of
the same dimensions- of the inverted angle. We calculate about the same
aspect ratio as previous example, and the results are shown in Fig. 4.4 (a),
(b) and (c) for A=0.31, 0.6 and 1.5, respectively.

Fig. 4.4, as compared with Fig. 4.3, show almost the same result in the
mode curves and the distributions of inplane and bending stress. But we
must take care of the fact that the eigen-values for the stiffened plate with
the symmerical stiffeners are 2 or 3 % higer than those for the stiffened plate
which has the same dimensions but with the stiffeners of unsymmetrical sec-
tion.

5. Approximate Calculation Methods

Under the assumptions in the Section 2, we can analyse the vibration of
any stiffened plate with the given dimensions, arrangement and number of
web and ordinary frames, and on the given boundary conditions at the edges
of the plate. If the stiffened plate has the great number of stiffeners, in
addition to, it is regularly arranged by the web and ordinary frames, on the
assumption that this stiffened plate is the semi-infinite long stiffened plate

109

which has the same dimensions of plate and stiffener, we can calculate the

approximate eigen-values by assuming the typical vibrating modes.

As an example, we illustrate the approximate method to the stiffened
plate arranged with an ordinary frame between two web frames alternately
as described. in previous section. We assume four cases of modes of vibration
as shown in Fig. 5.1 (a), (b), (c) and (d). ‘In case 1, the deflections of
each web and ordinary frame are the same, respectively, and the transverse
slopes of each stiffener are ,é_qual to zero. In case 2, the deflections of the
ordinary frames have the same values in magnitude but opposite in direction,
and transverse slopes are equal to zero, on the other hand, the deflections of
the web frames are equal to zero, and the transverse slope of the ordinary
frame have the same values in magnitude but opposite in direction. In case
3, the deflection of the web and ordinary frames are equal to zero, each web
frame rotate same direction, but opposite to the rotation of the ordinary
frames. Case 4 coresponding to replace the web frames by the ordinary ones
in case 2. . ’ '

Substituting the boundary conditions of each case shown in Fig. 5.1 (a),
(b), (c) and (d) into Eq. (3.4), we obtain the following equilibrium equa-
tions at the mth itersection for each case;

Case 1: ﬁm=ﬁm+2!vﬁm=ijm+2=05 wmzwm+27 —9m=am+2=0y

U1 =Ums1, 17m—1=17m+1=0! W1 =Wma1, Op1=0p+1=0,
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2k22“'Bo11 ‘“Boxs _Zklz 0 U1 0
— By Zklzz—Boaa—Doas 0 _Zk’12 Wiy _ 0
—2k,, 0 2k,,— By — By, m | | 0

0 —2K;, — By 2k 33— By 33— Dy W 0
Case 2: %, =0pnss=0, Um=0mezs Wn=Wpss=0, Om=—0msz,
Uy =Ums1=0, Up1=—"Vpst, Wney=—Wns1, Omo1=0ms1=0,

2k22“‘Box1 —Boxs _2k14 0 (22 0
—Boal Zklzz-Boaa—Do% 0 _Zk,u W1 _ 0
_2k14 0 2k44_Bsz‘_'DW22 _BWM_DWM Om B 0

0 2k’14 —BW42—DW42 2k’44‘“BW44'“DW44 Om 0
Case 3! Up=Upn.2=0, U,=0p4s, Wp=Wn.2=0, 0,=0,.s,
Uy =Ups1=0, Uy =0Ums1, Wy y=Wpy=0, 6m—1=6ﬂ+11

2k44"‘Bozz"‘Dozz —Bou_Dou _2k34 0 V-1 0

"Bo42_Do42 2k,44"‘Bo44_D044 0 —'Zk’s«; am—l _ 0
_2k34 0 2k44—Bsz'—DW22 —BW24_DW24 : Um B 0
0 _Zk'u '_BW42 - DW42 2k’44“BW44"DW44 Om 0
Case 4: fp=—Wpnszy Vn=Dpmsz=0, Wp=—Wpis Om="0p.>=0,
Z7171—1:Z_~"m+1=_0, Upo1="Uma1y Wy 1=Wp41=0, Op_1=0ps1, -

2k44""Bozz‘-Dozz —Boz4~9024 2k14 0 Vi 0

—Bo42_Dn42 2k’44_Bo44_Do44 0 _Zk,u Em—l _ 0
"2k34 0 Zkzz_BWn _BW13 Um B 0
0 Zk,u - BW31 Zk’zz _Bwsa - Dwas Lm 0

Putting the determinant of the elements of the stiffness matrix of above
equations zero, we obtain the characteristic equations of vibration as shown
in Table 2.

Using these equations, we calculate the eigen-values, the modes of vibra-
tion and the distributions of stress of the same stiffened plate as Fig. 4.2,
for the various kinds of 4, that is, A=0.2, 0.4, 0.6, 1.0, 2.0, 2.5 and 3.0,
assuming the section of the web frame is a symmetrical T-type. Fig. 5.2
shows the relation between the eigen-value « and the aspect ratio 4 = zB/L.

The dotted lines show the approximate eigen-values for each case, and
the full line shows the lowest eigen-values for the s. When the values of 2
are less than 0.4 (L/B>7.9), the lowest eigen-values appear in case 1, and
for the comparative large 4, they appear in case 2. The value of 4 is larger
than 2.5 (L/B<(3.5), we see the lowest eigen-value in case 3, and the curve
for case 4 does not appear in the lowest eigen-value for any A. When the
value of 4 is larger than 2.5 (L/B <(1.3), the curve of case 1 coincides with
case 2, and the limiting value is equal to the eigen-value of the lateral vibra-
tion of the plate stiffened by an ordinary frame which is clamped at the
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24=0.311 (CASE 1)
K=1.425 -
l AN

A=1.5 (CASE
£=4.017 /

Tt~ J/—¢/'—

(d)

Fig. 5.1 The relation between the lowest eigen-value
k and A for a={f%/f?w= 0. 255
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Table 2 The characteristic equations for the semi-infinite long stiffened plate

CASE ) Characteristic Equations
2 kys— Boyy —Bys; —2kgs 0
1 /J\]'/'\L —Bys 2 k'99—Boss—Doss 0 —2k -0
—2ks3 0 2 kg2 ~Buwy —Bus;
0 _2 k’lZ _Bwl3 2k'22—Bw33—Dw33
2kyy—Boy; ’ — Bygy —2ky 0
2 iz Sﬁ | —Bus 2 k33— Bogz—Doss 0 —2ky =0
—2kyy 0 2ky—Buwyy—Duwyy —Bwiz—Duwsy
0 _Zk'14 —Bw24—Dwz4 2k,44_Bw44_Dw44
2 kyy—Buygs—Dogs —Bosa—Doay —~2ky 0
3 |2 Qé Vo 4 —Boyy—Dosz 2k 34— Boss—Dosa 0 —2k3 -0
. _2k34 0 2k44—Bw22_Dw22 _B‘w24—Dw24
0 —2k'3y —Buwis—Dwsz 2k 14— Bwiy—Dwy
2k44_B022_D022 _BOM—DOM 2k34 0
4 l —Bos—Dosz 2 44— Boss=Dogs 0 —2ky =0
—2k1q 0 2 kys— Buwyy —Buig
0 2Ky —Buys 2 k33— Bwss— Dwgs

intersections of the web frames. Also the eigin-values in both case 3 and 4
approach the eigen-values for the same stiffened plate vibrating torsionally at
the ordinary frame. The reason is that when the value of A1 becomes large
the apparent bending and torsional rigidity of the web frame increase, and
the plate are nearly clamped at the intersection. '

The mark O in Fig. 5.2 shows the exact eigen-value of the stiffened plate
clamped both edges, and stiffened by 5 web and 6 ordinary frames as calculat-
ed previous section. We see the approximate eigen-values agree very well
with the exact values. Comparing these results with the exact values shown
in Fig. 4.3 or Fig. 4.4, we see not only the mode curves but the stress
distributions agree fairly well with the exact results except the neighbour
of the clamped edges. ;

In order to investigate the effect of the dimensions of the ordinary frame
on the lowest eigen-value for the stiffened plate, using the approximate for-
mulas in Table 2, we calculate the eigen-values of the stiffened plate which
has the same dimensions as in the previous calculation, but the height of the
ordinary frame changes from 0 to 200 mm which is equal to the height of
the web frame. Fig. 5.3 shows the relation between the lowest eigen-value
& and a which represents the square of the ratio of the natural frequency of
the transverce vibration of the ordinary frame to the natural frequency of the
web frame for the various values of As. The fat lines show the critical lines
which connected the intersection points of the two curves for the different
kinds of mode for the same value of A.
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p --—— APPROXIMATION
v O EXACT SOLUTION |
(v=0.225) %‘é-?
50— LOWEST EIGEN-
VALUE g
prad
//// =~
/=
40r CASE 4 A2 L
7 4 CASE 3
A
/ ‘7
////
3.0" ///// /
__,// / / ’I\I/I\T/
// // CASE | m-1 m m+l
Y4
2'O~ /, // m-1
JJ\cASE 2 |casE 2 Tslaguis
/4
b L
|O CASE 3 :m-l m m+! -
CASE | CASE 4 /m‘fn{}(\f,
0 05 1.0 5 20 25 1 3.0

Fig. 5.2 The relation between the lowest eigen-value
£ and A for a=12/f*w= 0. 255

We see the mode of vibration for the lowest eigen-value changes from
case 1 to case 3 with the increase of A, but the curves for case 4 do not
appear similarly to Fig. 5.2. In case 1, the mode curves for 2=0.2 and 0.3
are almost flat, and therefore, it means that the effect of the dimensions
of the ordinary frame on the lowest eigen-value of the stiffened plate is
negligible so far as the maximum value of the ordinary frame is equal to the
height of the web frame. But when the value of A is comparatively large
and the ordinary frames alone vibrate laterally, as case 2, the eigen-value
increases with the value of « for the same A, because the apparent bending
stiffness of ordinary frame becomes large. When the value of 2 is large and
both the ordinary and web frame vibrate torsionally, as case 3, we see the
eigen-value exibits a tendency to decrease with the increase of the height of
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APPROXIMATION
.~ O EXACT SOLUTION
Lyl 3
CASE 3 =3:0(L./8-).9)
% : O 2.0({_6)
l.
~ O—LS (2.4)
g L.
A A N . 0(3.] O

CASE | a = ford/fweb

1 1 i 1 I 1
O.1 0.2 0.3 0.4 0.5 0.6
‘Fig. 5.3 The relation between the lowest eigen-value
k and a=12/f?w for the various values s
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DYNAMICAL STRESS DISTRIBUTION OF STIFFENED PLATE

the ordinary frame, and then it is due to mainly the fact that the increase of
the height of the flat-bar is more effective in the increase of the weight
than the torsional rigidity. The mark O in Fig. 5.3 shows the exact eigen-
value of the stiffened plate clamped at both edges, and stiffened by 5 web and
6 ordinary frames, calculated by using Eq. (3.5), changing the values of 2 and
a. We see the approximate eigen-values agree very well with the exact values.

Since we introduced the characteristic equations in Table 2 considering
the inplane stress of plate, they contain the four unknown values #, v, w and
0 at a intersection of the plate and stiffener, and the characteristic equations
are expressed by 4x4 determinants. If we consider the effective breadth of
the plate, these unknown values become only w and 6, and we obtain the
more simplified 2X2 characteristic -equations as shown in Table 3. But it is
complicated to calculate the effective breadth of the web and ordinary frame
exactly for each mode shape. Assuming the position of the neutral axis of
the section of stiffener is at the intersection of the plate and stiffener (it
means the effective breadth of plate is infinite), we calculate the eigen-values
by using Table 3, changing the value of A as in the previous calculation.
Table 4 shows the errors of each approximate eigen-value for the exact values
of the stiffened plate as shown in Fig. 4.2, We see the maximum error is
less than about 4 %.

Table 3 The approximate formulas for the eigen-values, assuming
the position of the neutral axis of section of stiffener is at

the intersection.

2 k'99~ Bogz— Dos3 —2Fk
Case 1 =0
—2Fk' 2k 39— Bwgs—Dwss
2k122_B033_‘DOSS -2 k’l{
Case 2 -0
2 k'“ 2 k/“—BW“ —DW“
~ 2k'44'—BO~14—D044 _Zk,34
Case 3 =90
—~2k' 2k y4—Bwy—Dwy
2 k’44—BO-£4'—'D044 _2 k’ld.
Case 4 =0
2 k'u 2 k'zz“BWsa—DW.ss
Table 4 The errors of each approximate eigen-value for the exact values
of the stiffened plate as shown in Fig. 4.2.
exact T-section |approximate | approximate |Dunkerley’s-
2 L/B |CASE (Fig.4.2) | (Fig.4.2) (Table 2) (Table 3) formula
. g |error| . error| . error| error
% % % %
0.311 ‘ 10.1 1 1.431 | 1.436| 0.3 | 1.425]—0.4 | 1.460 | 2.0 | 1.439 0.6
0.6 5.2 2 2.163 | 2.228 | 3.0(2217| 2.5|2.247| 3.9 | 1.800 |—16.8
1.5 2.1 ; 3 3.918 [4.020| 2.6 |4.017 | 2.5|4.021 | 2.6 | 2.447 [—37.5
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If we calculate by using the Dunkerley’s formula®,
l/wi=1/w}+1/of+1/0}

where, : :
w, : circular frequency of stiffened plate

wp: the lowest circular frequency of the plate clamped at the joints oi

the stiffeners and supported freely along the other edges
ww: the lowest bending circular frequency of the web frame assumed
the position of the neutral axis is the intersection (for case 1), or
the lowest torsional circular frequency of the web frame about the
axis of the intersection (for case 2 and 3)

wo - the lowest bending circular frequency of the ordinary frame assum-
ed the position of the neutral axis is the intersection (case 1 and
3), or
the lowest torsional circular frequency of the ordinary frame about
the axis of the intersection (for case 2). ‘

The results calculated in terms of eigen-values are shown in Table 4.
We see the approximate results for case 1 agree very well with the exact
values, but for case 2 and 3, the results contain so many error that this
formula is not desirable for the torsional vibration of stiffeners.

6. Conclusions

The characteristic equations and the formulas of the stress distribution of
the stiffened plate contained web frames at vibration were introduced in the
general form.

Especialy, the approximate calculation method of the eigen-values for the
semi-infinite long stiffened plate arranged with an ordinary frame between
two web frames alternately were described by assuming the vibration mode.
Furthermore, we simplified this method by assuming that the position of the
neutral axis of the section of stiffener was the intersection at the plate.

We calculated the eigen-values and stress distribution during vibration of
the bulkhead of an actual tanker, and we obtained the following results:

(1) The lowest eigen-values of the stiffened plate contained the web
frames are affected considerably by the aspect ratio of panel. When the
aspect ratio is large, both the web and ordinary frames vibrate laterally, and
the lowest eigen-value is small. Decreasing the aspect ratio, the ordinary
frames vibrate laterally as yet, but the web frames vibrate torsionally, and
then the eigen-value becomes considerably high. The more aspect ratio
decreases, the more the eigen-value becomes high, and both the web and
ordinary frames vibrate torsionally.

(2) When the dimensions of the web frames are constant, on the other
hand, the height of the ordinary frames increase, the effect of changing the
height of the ordinary frames is hardly recognized for case 1, but as increas-
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DYNAMICAL STRESS DISTRIBUTION OF STIFFENED PLATE

ing the height the eigen-value increases for case 2, on the contrary, it
decreases for case 3.

(3) If the fatigue limit of the material of the stiffened plate is 22 kg/mm?,
the maximum transverse bending stress in the plate gets to this fatigue limit,
the ratio of maximum deflection to the stiffener space B is about 1/50~
1/100 for each’ eigen-value: The above fatigue limit of the materials is the
value of mild steel under an ideal condition, but under an actual condition,
this value will decrease, provided that the shape factor of the welded part,
» the change in quality of materials due to welding and the influence of corro-
" sion are considered. Thus the maximum bending stress at the intersection
may get to the fatigue limit even for the relative small vibrating deflection.

(4) There are only a few percentages of errors between the exact eigen-
values and the approximate values obtained -on the assumption that the
stiffened plate arranged with an ordinary frame between two web frames
alternately is semi-infinite long and the position of the neutral axis of the
section of stiffener is the intersection at the plate.
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Appendix
A 1.* Stiffness matrix for the state of plane stress of plate
The relation between the stress and the displacement at the edges j and k:
{Pp},-k=[kpju{Up}jw[kpjm{m}m} '

~ _ _ (A 1.1)
{Pp}ki= [kp]m {Up}fk+ [kpjzz{Up}ki

where
{Do}ir={Sj P}, {DPp}rs={Sks Drs}.
WOoti=1a; 05}, AUptei={0c s}

E 1k k Bk, k
Celu=-g " =] odu=p [ 3

32 k34
_Erk, k _Ecrky, k
[kan——B-[kji kjj} [kpjn—?[kjj e

b=k, =—z1,—{2(ag+be) —u(g+e)}
b=y = {2(ag —be) — (g ~€)}
—kyy= _k31=k24=k42=%{2ﬂ2—3ﬂ(a+b) +4ab}

—ky= —ku:kza:ksz:“},—ﬂ(a"b)

* We show the formulas simply in this and following Appendices, see the references
1) and 3) on introducing the basic formulas.
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b= k=220 +ad) ~ p(c+a))

o= ko= 2(bc—ad) — ps(c—d)}

A=4p(u—2a) (1—2b)

= sinhi b sinha
T A(sinhA—2) * T A(sinhi+-2)
¢ = coshi—1 d= coshi+1
T A(sinhA—2) * T A(sinhi+2)

___coshA+1 __coshi—1
= A(sinhi—=2) * &= A(sinhi+ )

e

.The stress and displacement components:

0o=[¢" ks T s} sin ™[4

ov=— /B [d1 ks KT o} sin'[-x (A 1.2)

vay=— (4/ B)[#' 1ks1 U} cos

w=— (B/EN[[¢"1+»(/B)[$11ks1{T s}cos

(A 1.3)

119

v=—/E)[LA+»)[¢']+[4¢'11[%£:1{U »} Sinyj-‘—”x
where . '
[¢]=[f1+fz fl_fz f3+f4 fa*f:;]
[¢”"]1=/B)*[[¢]—[dp"]]
f — (Ay/B)cosh(2/2)sinh(Ay/B) 4 (1/2) sinh(1/2)cosh(Ay/B) B
= A2 (sinhd+2)
fo= (Ay/B) sinh(A/2)cosh(Ay/B) — (2/2)cosh(A]2) sinh(Ay/B) -BZ
z A2(sinhi—2)
fi= (Ay/B)sinh(A/2)sinh(A+y/B) — {sinh(A/2) + (1/2)cosh(2/2)}cosh(A-y/B) B
3= A2 (sinhd+2)
fi== (A-3/B)cosh(4/2)cosh(A-y/B) +{2/2) sinh(%/2) +cosh(1/2)}sinh(A-y/B) B

A2(sinhi—R)
Ldg"1=[Af\"+ A4S, Af,"—4f)" Af"+Af" 4Af"—4f"]

A = 2cosh(1/2)cosh(2+y]B)
T sinhd+2

A = —2sinh (A/2)sinh(A-y/B)
2 sinhi—2
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—2sinh(A/2)cosh(A-y/B)
sinhi-+2

Af) = 2cosh(A/2)sinh(A-y|B)
T sinhi—2

1 k1z k13 kH

21

Af 3" =

=

[ky]= 22 Ko
NE

3

A
[;*
©w
4
e
&5
w
;¢ A
w
b

41

A 2. Stiffness matrix for the lateral vibration of rectangular plate

The relation between the internal forces and displacement at the edges j
and k:

Do} =[]0 AU} s+ [k'b]u{Ub}kj}
__ _ (A 21)
{ Do} ki=[E 011 {U}ji+ [ &0 102 AU b} 25
where _
Py in=AVyse My}, {Poyri={Vyrj Myrj}
Oy n=1{ws 03, Uokrs=1we 0i}
[(¥:lu=D [k’“ k’“}, [#2l.a=D [k'” k'“}
ki Ei Ky kg
[¥]o=D [k'“ k'zs} [¥3]=D [k'" k’“} |
By Ky Ky, Fy
1) 2—k<0

Fo=Fk,,=—¢e, F,=k, =N

Bu=—ku=—(v—4,), Fu=—Fy=F,=—F,=—d
Fay=—Fkg,=c+4, KE=kF,=ad, F,=F; ,=b

a= a*+B(sinB/2 sinha/2+cosB/2 cosha/Z)

2Bz \ 4, 4,
b= a’+B*(sinB/2 sinha/2 cosB/2 cosha/2)
T 2B%F \ 4, 4,

et ) o4

_aB(a*+B% (cosB/2 coshal2 sinB/2 sinha /2)
— 2B\ 4, - 4,

el
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W _aB(a* +82){cosB/2 cosha/2 smﬁ/Z smha/Z)
2B - 4, "4,

2_ P2 2 . 2
c'k=cr+£‘B_zB’ Al=(2—u)%, Az,=v%

B

4, =2(%cosh %— Sin—s—+-5-Sinh ——cos —2—)

B
2
Az=2(—§~cosh—g—sm—g—

2) 2*—k=>0
k'11:k,22= _e;: k’lzzk'm:h, k13,= -k 24= k 31-‘"k 2= =—¢’
Bou=rFku=ky=—F,=d, Fu=F,=da, Fy=F ;=0

a,maz—BZ{sinha/Z sinhB/2 cosha/2 coshB/Z)
T 2B\ A, 4,

at— 2(sznhaz/z sth/Z cosha/Z coshﬁ /2)

BZ
A ), a'-m(—"-‘-—ﬁ—f)

,_aB(az—Bz){cosha/Z coshB/Z .sinha/2 sinhB/Z .
¢=""3p * )

br

W _aB(a’ ——Bz) {cosha/z coshB/Z sinha/2 smhﬁ/Z)
B AZ .- Al

4, =2(—%—sinh%cosh—g——%cosh%sinh—g—)

A, =2(-g—cosh-g—sinh%—%sinh% cosh%)

The expressions for the bending moment and deflection:

My=—D[[fs"1—v(A/B)*[fs114U+} (A 2.2)
' w=[/1T (A 2.3
where o ' .
LAl=Lrfu+for fo—foo fostSfou Sos—fou]
Ut ={w; we 0; bx}
1) 2—x*<0

Jo =Ail(%sin—g—c0$h%’ ?smh——cos%’ )
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S _—( g ~=-c08—5— g smh% Fcosh——smﬁy)

fb3 = —(sm—%smh—- smh—sm By )

So= 7:( cos%cosh—— + cosh—-cos By

2) 2—k>0

f,,1 = 711—( %sznh—g—cosh—_PFSznh——cosh %’ )

%cash 5 smh%——cosh—smh By )

Lo =L
Fn= B

2

Sos :-21:( sinh%sinh%—sinh—%sinh%)

Jos= Ail cosh%cosha—g+cosh%cash%)

A 3. Stiffness matrix of the beam subiected to bending moments, torsion
and shearing forces

The relation between the internal forces and displacement at the 1ntersec
tion of the plate and stiffener:

{Qs} =[k{U 4 (A31D
where | '
{@s} =1{Gas qav qas Was}
{Ua={ia 04 wWa 04}
[&]=[B1+[D]
_Bzz(2/B)? Bzy(A/B)* B (A/B)® Bazy(A/B)?

[B]— Byz(A/B)® Byy(2/B)* By.(A/B)* By (A/B)*
B.:(A/B)* B.,(1/B)* B.(i/B)* Bu(i/B)*
LBsz(1/B)® By (A/B)* Bos(A/B)* Buy(A/B)'+ C(1/B)?
0 0 0 0

cppo| O —(PIB)Kur 0 —(D/B) Kz

0 0 —(D/B)Kur*  (D/B)Kayr*
L 0 —(D/B>Kg.x' (D/B?)Kgyr' —(D/B)Krr*
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A 4. The dynamical equilibrium quations at the mth intersection of plate

Fig. A 3.1

B.;=EA;

Buy=By:=EA;y4

Bi:=B.;=FEAsz4 ‘

Buy=Bpo=FEAs{(24—2:)ya— (Ya—Ys) 24}

Byy=E(I;+Asy4?) |

By.=Byy=EI s+ Asy124)

Byy=Boy=E{(z4—2s) (l:+Asya®) — (ya=3s) (Iy+ Asyaz4)}

B=E(I,+ Asz4?)

Buy=Bp.=E{(za—2;) (Iy:+ Asyaza) — (ya—ys) (Iy+ Asz4?)}

By=C,+E{(z—25)* (I, + Asy4®) + (ya—5) *(Iy+ Asz.4?)
—2(24—2;5) (¥a—Ys) Uys+Aszazs)}

Ky=ms/mp, Ke;=msza/mB

Kay=msyA/mpB, I{Rz@A/msz

and stiffener

The equilibrium equation at the mth intersection:

where

{P} s P} mymsr+ {@s}mn=0 (A 4.1)

{P}={P, Py}
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By substituting Egs. (A 1.1), (A 2.1) and (A 3.1) into Eq. (A 4.1),
we obtain the following expression,

(ko] 0 T[Ty Ckplse+[Rp]y O Uy
e ARSI R
0 [kbjzx U mym—1 0 [ks]z2+ [kb]u Uy m

(k). 0 [U» 0
T AN e
0 [kb]lz Ub mym+1 0 .

We rewrite simply as follows,

KlUm,m—l +KDUm+K2Um,m'+1=0 (A 4- 3)
where
kR 0 0 4 -E/BA
K _|Ea Bs 0 0 ||E/B
Lo 0 Ky, Ku|| D
"0 0 K, KLt DA
Ey By 0 0 E/B-
K|t B O 0 | E/B
10 0 Ky Eyu|| D
o 0 K k,s,;“‘.‘ D - ,,
(2k22E/B+Bn/tp)” By, /tp " B/t By /t»
Ko By /ty QRuE/B+By/tp+Dy/ty) By/ty  (Bu+tDi)/ts
D= 7
B, B;, , QK D+ By;+Dy;)  (By+Dyy)

B, (By+Dy) (Bis+Dy) (2K, D+B,,+D,,)





