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I SCOPE

" This 4s only a brief description of & design procedure
and the idees on which it is based. A detailed development and
establishment of specific limits will be done later in con-
formity with‘ﬁﬁg standard practices. The formulss are given
only for b/t equal or smaller than sixty, and for A-7 steel.

II FOMENCIATURE
A Area of one subpanel = Agt + bt, in sq. in.

Aﬁ%‘ Area of one tee stiffener (longitudinal), in sq. in.
am= Aﬂ?/bt Ratio of stiffener area to plate area
B  Width of ship hull, in inches

b Width of subpanel or spacing of tee stiffeners
(longitudinals), in inches

c . Fiber distance from the centrold of panel croas
. section, in inches

D " Depth of ship hull, in feet

d  Depth of tee stiffeners (longitudinals), in inches
E Modulus of elasticity (Young's modulus), in ksi

;] - Bccentriocity of weld from the centroid of subpanel

croas section, in inches

Fn\ gomggessive force produced by shrinkage due to ualding,
n kips

I Moment of inertia or gubpanel, in in.h

Iz  Moment of inertia of midship hull cross section, in in.2ft,2

L Spacing of trangverae tramss = gpan of one subpanel, in
inches
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HBogging moment due to gtandard wave, multiplied by 4“&/
factor of safety, in ft-k

?eng:ng moment in subpanel due to lateral water preasure,
n o"'k

Axial compressive load on subpanel resulting rrom hogging
moment M, in kips A

Lateral water preassure mnltiplied by factor of safety,

- 4n ksi

1
Radius of gyration of subpanel = (I/A)Z, in inches
84ze of weld, in inches '
Thickness of plate (skin), in inches

. Fiber distance from the centrold of midahip hull cross

section, in feet

Streaaéf in ksi
k=

Subseripts

b

9 £ Vv N O

Bottom plating

Deck plating

Flange of stiffener (longitudinal) :
Mﬂd—thicknass of plate |

Dltimate (maximum obtainadle)

Yield | ' -

Additional notdtion 18 defined where first uged. -

IYY STRENGTH OF LONGITUDINALLY STIFFENED PANELS
On the basis of literature studies and the results of the

conducted expeédiments, tRiEsErRéport 248.4 and 248.5 (now in
preparation), 1t 1s felt that the strength of a longitudinally

stiffened panel subjected to axial and lateral loading can be
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expressed by the following toémula; which gives the maximum
stress in the plate; £c. le

N 2 S S

where M3 and 8 are at the midspan of the panel and depend on
the end conditions or continuity of the plate and atiffeners
(longitudinals) at the transverse frames. The symbols are ex-
.plained at the beginning under NOMENCLATURE.

- The streas should also be checked in the stiffener flange
- at the trangverse frampa. The applicable formula is

AR , Oyg.- Or:" .i-’.# .hix_l;cr . (2)

M, here is the moment in the subpanel unit &t the tranasverse frame.

It should be noted that in the above formulas M; and 6 are
caused only by lateral loading @)

oy is the ultimate axial stress in the plate and 1t is,
for éll practical purposes, equal to the elastic buckling stress
for riveted longitudinals ﬁnd to the atreaa'obtained riom the
graph in Fig. S for welded longitudinals.

P, the axial force per one subpansl uhit, 18 equal to the
axlal forsce produced by the design hogging moment multiplied by
‘the factor of safety. |



q, the uniformly distrubuted lateral loading, 1s equal to -

the water pressure produced by the water head correspbnding ﬁo

the hull depth multiplied by the rnctor‘or safety.%

For practical ship acantlingz,it i1g safe to assume that

gbl2 :
M =15

both at midspen and trensverse frames and that
5 = quh
192EX

Then Eq8. l_and 2 bscoms more specifios

C,
: 4 |
| 2 .
o 0= 9p Bl Y .;q/( q‘i{;’-* 1;;:;}& ) ~ (3a)

> 2 qbL? “

Based on the total hsgging moment M Eqs. 3a and La are;
o T £.c, ‘o
> ). QbIAc A\ gbregl
o, =0, =1 1+ D) + b
ws o 2 ( R

o> M gbrz L
ay:-_- op = EE\B’ + qloI ee | ()

See Fogs 1,2, A 4

% Water pressure should be computed according to ship deaign
- rules if they gpecify it differently than above,
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A psnel should also be checked as & column énd any acceptable
formula can be used.® It seems, however, that for the conventional
ranga-of ship loadings the stress formulas, EQqs. 1 and 2, are
usually oontrolling-the design of the bottom plaiing.

IV WELDING RESIDUAL STRESSES AND ULTIMATE STRENGTH OF PLATE

An approximate magnitude of the compressive residual atress
in ths plate due to ﬁolding can be found from the following
equations - Cp .
o= 1+ | o ®
where ¢ is the ecbentricity of the weld from the ¢.g. of the
subpanel, see Flg. 3, and Py 1s the compressive force due to the
shrinkage caused by welding, For the wsld size s (in 1n6hes) equal

to about 0,75 to 1.0 of the plate thickness t,F, is given for A$7
steel bys: .. "3 '

Fy = 900 82 (kips)™® (6

Thias formula applies to double fillet welds with the side
dimenaion'éjand‘to.butt-wnlda or double V welds with g = t.

S —— s preseetly

@ In the future-a More rigﬁ; us beem-column analysis/in the
plastic reglon includingvresidual stresses ean—be’conducted
to establish column curves for the morae typical stiffener —
plate combinations.

20 i
## The coefficient 10%0 was obtained from the available residual
stregs measurementa. It appears that & more accurate formula
for F,, should teke into account the influence of 82, s/t and t.
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Eq. S can be greatly simplified if the iongitudinals are
negleocted and only the plate 1s considered. The error is rather

small and on the safe side, 1.9./tho reeultant residual streas 13 |

higher. Eq. S then becomea

op = ‘E'EFK a 900ns2 (7)

where n is the number of the welds in one subpanel. In a typical
gubpanel there 1s only one double fillet weld connecting the

longitudinal to the plate, 1.6. n = 1,

' With the known residual stress the ultimate strength of the -
plate is given by the difference of the elastio buckling stress

" and the residual stress®

’u.’ Or ~ af. - o )

The graph in Pig. 5 was obtaihed from Eq. 8 for an assumed
plate buckling coefficient equal to 4.l5. The ultimate plate
strength then becomes & tunction of thn b/t ratio and the wold
gsize 8 and oan be eaaily plot&ed,

& The validitz of Eq. 8 38, however, restricted to low b/t ratiocs
‘(lese than 60). PFurther investigation is necessary for higher
b/t ratios fwf)which thﬂ postbuckling strength of the plate .
becomas 1mportant. .




V  PRELIMINARY DESION

For & preliminary design it can be assumed that the
longitudinals have proportions as shown in Fig.  and that the
effect of the deflection at the midspan between the transverse

fremes can be neglected.

Also, 4t cen be assumed that the axial force per rumning
inch of the plating width is equal to M/BD, where M 13 the total
hogging moment multiplied by the factor of safety end B and D
are the width and the depth of the ship hull, respectively.
Thia‘approxﬁmation is on the safe side and gives values which
are within about 6% of the exact values.

Then, for some specific ratlio "a" of the astiffener area to

the corresponding plate area

& = Ay /ot - (9

~ Eqs. 3 and I for the stresses in the plate &and in the flange
become _
% =% “Bp+a)t * 0 7E (3.75+0.56a) 6% v (10a)
and

R " | ql2 (2.45+1.052)
Oy >9¢ ™ Bp(1+a)t ' 10aya’ (8.60+a)te y B/t

(lla)

With given M, q, B,D,L and assumed & = A /bt and relative
‘aize of the weld 8/t, Eqs. 10 and 11 can be easily eolved for
the required plate thickness for a few trial values of the ratio
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b/t; oy is obtained for each b/t from the graph in Fig. 57“

The equations for computing the plate thickness from Egs.
10a and lla are, respectively: .

. j 1
N ‘
& = M M + qL

28D(1+7a)oy | |\ 2BD(1+a)log | = 10 V&(3.75+0.56a) 0y Yo/t

(10b)
and/or ,
. - \a 1
M / M ' qr2(2.4,5+1.05a) 2
t = + +
© 28D(l+a)ay \23D(1+a)ay 100ya (@(6.68+a) b/t |
- | (11b)

A suitable plate thickness and a b/t are then selected
from the obtained roaults.

Tha depth or the longitudinals (stirrenera) 43 found from
_ d = 4t Vea(b/t) » (12)
The other scentlings of the’longitqd&nals are shown in Fig. L.

Por low b/t ratioa (less than about 45) the above rormulas
for the plate thickness arg not rigprously applicable because the

ALY Y. g
panel strengtﬁ*ib not oo ch}controlléa\by uﬁ57p1ate inatability

C3tr et s mvmaamgmeren et

—————

as byfbhs paaa%ﬁﬁﬂwa beam-eoi“\w?“” In this range it is suggested

[T To

to use only the first rormula, Eqs. 10, for determining the

# The operation can be greatly aimplified by the use of
' appropriate nomographs.

#% See the tirst footnote on page Se



G

‘required plate thickness, becauses the éecond formula, Eqa. 11, ¥
_ e

is based on,ylelding of the stiffener flange at the transverse
frame which can be tolerated.
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