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corporation of Delaware 

Originai application July 9, 1934, Serial No. 
735,923. Divided and this application an Eary 
15, 1936, Seriai No. 59,232 

11 Cairns. 

My invention relates to improvements in the 
Structure of floating vessels or ships of all types, 
but especially to vessels designed to carry liquid 
cargo in bulk, commonly called tankers, and built 
On the quasi longitudinal system of framing. 
The present application is a continuation-in 

part of my co-pending application Serial No. 
688,574, filed September 8, 1933, and is a division 
all application of my co-pending application Se 
rial No. 735,923, filed July 19, 1934, and which 
has matured into Patent No. 2,053,904. 

In vessels constructed to carry liquid cargo in 
bulk the machinery is usually located aft. This 
necessitates a distribution of cargo on account 
of which the greatest overall stresses in the plat 
ing are in the sagging condition as when the Wes 
Sel is in the hollow of a Wave in which condition 
the deck plating is in compression and the bot 
tOn plating is in tension. In longitudinally 
framed vessels the continuity of strength in the 
plating is greatly impaired due to the fact that 
the longitudinal stiffeners attached to the plat 
ing are cut through by the bulkheads, thereby 
causing discontinuity and harmful concentration 
of stress in the plating in Way of said bulkheads, 
resulting in cracks in the plating and leaking 
rivets at the end of the longitudinals. 
Many means have been suggested to compen 

Sate for the said discontinuity and concentration 
of stress due to cutting the longitudinals. Most 
Of these means have Only been partially success 
ful due to Said means employed at the inner edges 
of the longitudinals being inadequate and ec 
centrically loaded Or by reason of the fitting of . 
doublings at the outer edge of the longitudinals 
designed to strengthen the plating rather than 
correct the cause of said discontinuity by tieing 
the ends of the longitudinals on each side of 
the bulkheads together. It would seem rather 
obvious that if continuity of the longitudinals 
Where cut at the bulkheads is to be restored, that 
both the inner and outer edges should be con 
nected to give a balanced CrOSS-section, and that 
the means employed at the outer edge should 
preferably be something other than mere attach 
ment to or receipt of strength from the same 
plating that the longitudinal is intended to 
strengthen. Furthermore, actual experience has 
shown that rivet connections to the cut longi 
tudinal ends do not stand the test of time. 
Another feature common in ship design is to 

make the longitudinal stiffeners of uniform 
cross-section notwithstanding the fact that there 
is a great discrepancy in both the bending and 
the shearing stresses at different points in the 
length of the longitudinal stiffener, and that the 
maximum bending and shearing stresses coincide 
at the bulkheads and at the web beams. The 
bending stresses midway between the bulkheads 
and the web beams, or midway of each Span of 

(C. 4-9) 
the longitudinal stiffener are not only very much 
less than at the ends of the span but the shear 
ing stresses in both the longitudinal stiffener and 
in the rivets attaching the longitudinal stiffener 
at this midway point are reduced to zero. From 
applied mechanics and experience we know that 
a strength member is stronger longitudinally 
When the unit stresses throughout are uniform 
rather than otherwise, and that a member acting 
longitudinally either under tension or compres 
Sion is Stronger When free from bending or shear 
ing stresses. It is obvious therefor that a more 
efficient longitudinal stiffener results when it is so 
designed as regards cross-sectional area. that it 
is more nearly uniformly stressed throughout its 
length regardless of the varying bending moments 
at the Supports and midway of the said Supports. 
AS noted above it has been common herebe 

fore to make the longitudinal stiffeners of uniform 
CrOSS-Section and it has also been the practice to 
determine this cross-section by the demands for 
Suitable strength required at the supports, or 
points of interSection of the longitudinal stif 
feners With the bulkheads and web frames. Such 
procedure has resulted in a considerable weight in 
the longitudinal stiffeners that was not efficiently 
made use of. It is the primary object of my in 
Vention to eliminate, this useless weight to the 
end that have a longitudinal stiffener that is de 
Signed to be more uniformly stressed at its points 
of varying reactions when acting as a beam 
Whereby its efficiency as a beam is improved and 
a considerable Saving in weight may be had. 
This saving in weight of the framing of the ship 
Over the usual framing results not only in the in 
itial Saving in cost but in future savings due to 
added capacity and reduced tolls. 

It is well known in the ship building art that 
angle bulbs are the more desirable form of stif 
fening members, but owing to limitations of man 
ufacture, they are not always available in the 
larger sizes. It is an object of my invention to 
be able to make a more extended use of desirable 
commercial shapes, such as angle bulbs, when 
the greatest section modulus available in said 
angle bulbs is less than the section modulus re 
quired at the points of support. 
Another object of my invention is to provide 

Continuity of Strength in the longitudinals of the 
ship's framing where cut by the bulkheads. 

Still another object of my invention is to pro 
Wide continuity of strength in the longitudinals of 
the ship's framing where cut by the bulkheads 
by welding metal to connect the ends of the 
longitudinals where So cut. 
Another object of my invention is to reduce 

to normal the unit stresses developed in the ship's 
plating at the line of the transverse bulkheads 
and the transverse Web members. 
The novel features will be more fully under 
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2 
stood from the following description and claims 
taken with the drawings, in which: 

Fig. 1 is a partial Section through a vessel ill 
lustrating one form of longitudinal embodying 
my invention; 

Fig. 2 is a cross-section taken along the line 
2-2 of Fig. 1; 

Fig. 3 is a modification of Fig. 1; 
Fig. 4 is a cross-section taken along the line 

4-4 of Fig. 3; 
Fig. 5 is another modification of Fig. 1; 
Fig. 6 is a cross-section taken along the line 

6-6 of Fig. 5; 
Fig. 7 is a diagrammatic layout of a hold plan 

of a vessel with transverse and longitudinal bulk 
heads adapted for longitudinal framing embody 
ing my invention; 

Fig. 8 is an enlarged cross-section in part of 
Fig. 7, and illustrates the longitudinal framing 
embodying my invention; and 

Fig. 9 is a longitudinal section taken horizon 
tally through a portion of the vessel shown in 
Fig. 7, and illustrates the embodiment of my in 
vention to the ship's longitudinals. 

Referring to the accompanying Figures 1 to 9 
inclusive, I shall now describe my method of 
improvement in continuity and uniformity of 
stresses throughout the length of the longitudinal 
stiffeners between and through the bulkheads. 
As I have stated hereinbefore, it has been cus 
tomary to make the longitudinal stiffeners of uni 
form cross-section regardless of the fact that 
they are called upon to resist forces of consider 
able difference in intensity at different points 
on their length, due mainly to their acting as 
continuous beams uniformly loaded. In both 
shearing and bending the maximum stresses oc 
cur at the bulkheads and at... the Web beams, 
while midway of these points the bending stresses 
are much less and the shearing Stresses on the 
rivets and longitudinals are reduced to Zero. By 
proportioning the longitudinal stiffener at its 
points of greatest resistance and at its points 
of less resistance so as to maintain its stresses 
more nearly uniform, I gain the advantages of 
a vessel of greater strength and continuity on 
the same Weight of material, or a Wessel of equal 
strength on a less weight of material. Further 
more I am enabled to lower the bending and 
shearing stresses where maximum in Order that 
more of the strength of the longitudinal will be 
available to apply to the longitudinal strength 
of the vessel as a whole. 

I find that the above advantages can be real 
ized if separate calculations for section moduli 
of the longitudinal stiffeners are made, respec 
tively at the points of support (the bulkheads 
and the Web beams) and midway between the 
points of Support, by the following formulae: 

Notation used in the formulae. 
L=Length of span in feet. 
W=l Unit load on span in tons per foot of span. 
H=Test head of water in feet, assumed applied 

to stiffener area. 
S=Spacing in feet between stiffeners. 
M=Bending moment in stiffener due to loading. 
I=Moment of inertia of stiffener with plating. 
Y=Distance of neutral axis from inner edge of 

Stiffener. 
I 

=i-section modulus. 
F=Unit stress. 
FZ=Moment of resistance. 
35 cu. ft. of Salt Water=One ton (2240 pounds). 

2,071,925 
As is well known in good design the bending 

moment must equal the moment of resistance, on 
M=FZ. If we wish to keep the stress at the points 
of Support the same as that midway of the Sup 
ports, then We can figure for the relative values of 
Section moduli from 

for midway Supports; and 
L2HS 

Z=5 
for in Way of supports. From which by cancelling 
out equivalent values we see that the section mod 
ulus midway of the Supports is much less than 
that required in Way of the supports. 

In Figs. 1 to 6 inclusive, I show three construc 
tions of longitudinal stiffening strength members 
designed to have greater continuity of strength by 
having greater uniformity in their resisting mo 
ment based on uniformity of stress as regards the 
points of support and midway of said points. The 
bulkheads 0 and the Web beams in each case 
are the points of Support. In each case 2 indi 
cates the size of stiffener required for the midway 
of supports points of stress as calculated by the 
said midway support formula set forth above. In 
each case 3 is a tie bar piercing watertight the 
bulkhead G and attached as by welding to the 
inner edges of the cut ends of the stiffeners, and 
23 are bulkhead boundary bars to which the cut 
ends of the stiffeners are welded. By use of the 
Support formula. Set forth above I may calculate 
for the section modulus required at this point of 
Support by using solely therefor the sectional area 
of the tie bar positioned along the inner edge of 
the stiffener and the area of the plating between 
the cut ends of the stiffeners at the outer edges. 
To get the same strength into the stiffeners at the 
Web beam points of support, I modify the stiffen 
ers at these points. 

In FigS. 1 and 2 I show one modification. Where 
in the stiffener 4 is comprised of a plate web 5, 
or the like, SWelled out as at 6 at the points of 
Web beam Support, and a round section 7, or the 
like, Welded to the inner edge of the plate web 5. 

In FigS. 3 and 4 I show another modification of 
my invention in which the stiffener 8 is com 
prised of an angle bulb. section, or the like, with 
the Web Split near the inner edge as at 9 at the 
points of Web beam Support and with the inner 
edgeportion at these points bowed inwardly to in 
crease the width of the stiffener, and the resulting 
aperture filled in by Welding. 
In FigS. 5 and 6 I show another modification of 

my invention in which the stiffeiner 29 of angle 
bulb section, or the like, is strengthened at the 
points of Web beam Support by the fusing, or 
Welding, of a suitably sized round section 2 f, or 
the like, to the inner edge of the stiffener 20. 

All three types of longitudinal stiffeners that 
have shown are continuous through and attached 
to the web beams f, and are attached to the 
plating 22. 

Those familiar with calculations in ship de 
sign will recognize that my construction presents 
a case in which a beam having a plurality of 
equally spaced spans with fixed ends is uniformly 
statically loaded. With these conditions it is 
well known that the bending moments in the 
beam are greatest at the points of support (either 
at the bulkhead or at the Web frames); and, that 
at pointS in Ward from any point of Support a dis 
tance of approximately 21% of the total distance 
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2,071,925 
between any two adjoining points of support the 
bending moments become Zero, and Such points 
of Zero moments are called points of contra-flex 
lure; and, that at the midway point between any 
Wo adjoining points of support the bending mo 
ment is approximately one half of that at the 
points of Support. With these conditions 
in mind design my bean (by modifica 
tions hereinbefore described) at the points 
of Support in such a manner that the re 
sisting moment of the beam at these points 
of Support are proportional to their re 
quired strength, and I then make the main por 
tion of the bean of a commercial section having 
the proportional required strength for midway 
of the support. To those skilled in the art it 
Will be readily seen that by means of modifications 
Such as described for the Web beam supports, as 
at 6 in Fig. 1 and 9 in Fig. 3, I may very closely 
approximate the theoretical requirements of 
strength, while at the bulkheads, as by means of 
the tie rod 3 and the welded ends of the stiffen 
ers, and at 2 in Fig. 5, I may approximate in a 
practicable manner the theoretical requirements 
for strength by extending the member 3 or 2 
to the nearest points along the stiffeners at which 
the bending moment is not greater than that at 
the midway point. Expressed as a matter of prac 
tice and to take care of a certain variation in the 
Spacing of the spans, I prefer to make the length 
of the reenforcings 3, 5, 9, and 2 extend to 
either side of the points of Support a distance not 
less than 1.0% nor more than 21% of the distance 
between two adjoining Supports. 
In Fig. 7 I have shown diagrammatically a 

hold plan of a type of vessel particularly adapted 
for embodying my invention. The vessel would 
be constructed With plating 22 on the bottom 
24, sides 25, and deck 26, on the quasi longi 
tudinal System of fraining, especially designed 
to carry a liquid cargo in bulk. It Would com 
prise a plurality of tanks 2 formed by longitu 
dinal bulkheads 28 and closely spaced transverse 
bulkheads 29 attached to the ship's plating 25 
and to the longitudinal bulkheads 28. The 
transverse bulkheads 29 would comprise the 
plating ( and the boundary bars 23 of Fig. 1. 
Referring now to Figs. 8 and 9, the framing 
Cf the Wessel Would conprise relatively deep and 
widely spaced transverse webs attached to 
the ship's plating and to the longitudinal bulk 
heads. The framing would also comprise rela 
tively narrow and closely Spaced longitudinal 
Stiffeners. 3. The said Stiffeners 3 Would con 
prise the members 4 of Fig. 1 or its hereinbe 
fore described modifications. 

It will be clear to those skilled in the art that 
the principle of reeinforcing as hereinbefore de 
scribed inay be applied to other stiffener mem 
bers with similar useful resultS. It may, for 
example, be applied to a transverse stiffener Such 
as is shown in Fig. 9, wherein 3 is the stiffener, 
32 are the web frames, and 33 are the reenforc 
ing bars. The stiffeners 3A, as shown, are not 
extended to be attached to Or Supported by the 
ship's waiis 22 but are Substantially short there 
of. This latter feature is not a part of this ap 
plication but is disclosed and claimed in my co 
pending application Serial No. 731,239, filed June 
19, 1934. It is apparent, of course, that the ends 
of the stiffener 3 could be extended to be at 
tached to and/or supported by the Walls 22 in 
a manner similar to that shown for the ends 
of the stiffeners á. 
From the foregoing description it Will be easily 

seen that I have a novel method of ship con 
struction which is economical and particularly 
remedies defects. Which are inherent in prior 
methods of constructing a vessel in accordance 
With the so-called longitudinal System of fram 
ing. I do not wish it to be understood that 
my above described methods are limited in their 
application to vessels of the latter construction 
and it is manifest that certain of the structures 
are useful in Connection. With other Well known 
types of ship construction. 
The terms and expressions. Which I have em 

ployed are used as terms of description and not 
of limitation, and I have no intention, in the use 
Of Such terms and expressions, of excitiding any 
equivalents of the features thereof, but recognize 
that various modifications are possible within 
the Scope Of the inventions claimed. 

Having thus described my invention what I 
claim as new and desire to secure by Letters 
Patent, is: 

1. In a Vessel of quasi longitudinal construc 
tion, transverse bulkheads, fore and aft walls, 
WebS in Widely spaced transverse planes attached 
to said walls, relatively narrow longitudinal stif 
fener's passing continuous through Said webs and 
cut through by Said buikheads in such a man 
ner that the cut ends are in close proximity to 
Said buikheads on each side thereof, and a reen 
forcing bar Secured to the inner edge of each of 
the Said longitudinal stiffeners and passing con 
tinuous through said Webs to each side thereof 
a distance of not less than 10% nor more than 
21% of the distance to the next adjacent Sup 
port. 

2. In a ship structure, a longitudinal stiffener 
Supported by WebS and bulkheads characterized 
by having a normal section of sufficient strength 
to resist a predetermined unit stress at a point 
midway between its Supports, and being reen 
forced along its inner edge to each side of said 
Supports a distance not less than 10% nor more 
than 21% of the distance to tile next adjacent 
Support, said reenforcerient comprising a bar 
Welded to said inner edge of said longitudina: 
Stiffener of Sufficient strength in combination 
With said longitudinal stiffener to resist a pre 
determined unit stress at the point of support, 
Said latter unit stress being of the saine value as 
the first mentioned Lirit Stress. 

3. In a vessel of quasi longitudinal construc 
tion, transverse bulkheads, fore and aft walls, 
WebS in Widely spaced transverse planes attached 
to Said walls, and longitudinal stiffeners Sup 
ported at Said bulkheads and said webs, each of 
Said StiffenerS comprising a plate bowed out in 
Width on the inner edge in Way of said webs, 
Said bowing extending to each side of the webs 
a distance not less than 10% nor more than 2.1% 
of the distance to the next adjacent support, and 
a reenforcing bar Welded to the inner edge of 
each of said stiffeners. 

4. In a vessel of quasi longitudinal construc 
tion, transverse bulkheads, fore and aft walls, 
webs in widely spaced transverse planes attached 
to said walls, and longitudinal stiffeners sup 
ported at said bulkheads and Said webs, each of 
Said stiffener's comprising a plate bowed out in 
width on the inner edge in Way of said WebS, 
said bowing extending to each side of the webs a 
distance not less than 10% nor more than 2.1% 
of the distance to the next adjacent support, 
and a round bar Welded to the inner edge of each 
of said stiffeners. 

5. In a vessel of quasi longitudinal construc 
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4 2,071,925 
tion, transverse bulkheads, fore and aft walls, Web 
beams in Widely Spaced transverse planes at 
tached to said Walls, and longitudinal stiffeners 
Supported at Said bulkheads and Said Web beams, 
each of said stiffeners comprising a bulb. Section 
With the bulb along the inner edge thereof and 
having the web of said bulb section increased in 
Width in Way of Said Web beans by Splitting the 
web of the bulb section near the bulb and bowing 
the bulb inwardly, said bowing extending to each 
side of the webs a distance not less than 10% nor 
more than 2% of the distance to the next ad 
jacent Support, and Weld metal deposited in the 
aperture resulting from the bowing of the bulb. 

6. In a vessel of quasi longitudinal construc 
tion, transverse bulkheads, fore and aft Walls, 
webs in widely spaced transverse planes attached 
to said walls, and longitudinal StiffenerS Sup 
ported at said bulkheads and said Webs, each of 
said stiffeners comprising a bulb section, and re 
enforcing bars fused onto the inner edge of said 
bulb section in Way of Said WebS, Said reenforcing 
bars extending to each side of the webs a dis 
tance not less than 10% nor more than 21% of 
the distance to the next adjacent Support. 

7. In a vessel of quasi longitudinal construc 
tion, transverse bulkheads, fore and aft walls, 
webs in widely spaced transverse planes attached 
to said walls, and longitudinal StiffenerS Sup 
ported at said bulkheads and Said WebS, each of 
said stiffeners comprising a standard rolled Sec 
tion, and reenforcing bars welded onto the inner 
edge of said rolled Section in Way of the WebS, 
said reenforcing bars extending to each side of 
the webs a distance not less than 10% nor more 
than 21% of the distance to the next adjacent 
Support. 

8. In a vessel of quasi longitudinal construc 
tion, transverse bulkheads, fore and aft walls, 
webs in widely spaced transverse planes attached 
to said walls, and longitudinal stiffeners Sup 
ported at said bulkheads and said webs, each of 
said stiffeners comprising a standard rolled sec 
tion, and reenforcing means added to said rolled 
Section in Way of the Said points of Support in 
such a manner as to be functionally integral with 
said stiffener, said reenforcing means extending 
to each Side Of the points of Support a distance 
not less than 10% nor more than 2.1% of the dis 
tance to the next adjacent Support. 

9. In a vessel of quasi longitudinal construc 
tion, transverse bulkheads, fore and aft walls, 

webs in widely spaced transverse planes attached 
to said walls, and longitudinal StiffenerS Sup 
ported at Said bulkheads and Said WebS, each of 
Said stiffeners comprising a standard rolled Sec 
tion, and reenforcing means added to said rolled 
Section in Way Of the Said WebS in Such a manner 
as to be functionally integral With Said Stiffeners, 
said reenforcing means extending to each side of 
the webs a distance not less than 10% nor more 
than 21% of the distance to the next adjacent 
Support. 

10. In a Wessel of quasi longitudinal Construc 
tion, transverse bulkheads, fore and aft Walls, 
webs in widely spaced transverse planes attached 
to said walls, boundary bars attaching Said bulk 
heads to said Walls, and longitudinal Stiffeners 
continuous through said WebS and cut through by 
said bulkheads in Such a mainliner that the cut 
ends are in close proximity to said bulkheads on 
each Side thereof, Said Stiffeners being attached 
to Said WebS and to said Walls, each of Said Stif 
fenei's comprising lound tie rods piercing Water 
tight said bulkheads and joining Said cut ends 
of said stiffeners by being attached to the inner 
flanges thereof, Said cut ends of Said stifferers 
being Weided at the outer flanges thereof to Said 
boundary bars So as to be functionally integral. 
thereWith, and reenforcing means added to each 
of Said Stiffeners in Way of Said WebS SO as to be 
functionally integral therewith, said reenforcing 
means extending to each Side of the Webs a dis 
tance not less than 10% nor more than 2.1% of 
the distance to the next adjacent Support. 

11. In a vessel of quasi longitudinal framing, 
transverse bulkheads, fore and aft Walls, webs in 
widely Spaced transverse planes attached to said 
walls, and longitudinal stiffeners Supported at 
said bulkheads and said WebS passing continuous 
through said WebS and attached to said wall and 
to said WebS, said stiffener comprising a standard 
rolled Section Weak With respect to the predeter 
mined maximum stresses to be resisted in Way of 
the webs but strong with respect to the prede 
termined maximum StreSSes to be resisted mid 
way of the WebS, and reenforcing means added 
to the said rolled section in Way of the webs in 
Such a way as to be functionally integral with 
Said stiffener, said reenforcing means extending 
to each Side of the Webs a distance not less than 
10% nor more than 21% of the distance to the 
next adjacent. Support. 
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