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—— i Emmam e . - ———

To all whom tt may concermn: -'
Beitknown thatl, CHARLES H. HOWLAND-
SHERMAN, a citizen of the United States, re-
siding at Washington, in the District of Co-

s lumbia, have invented a new and useful Im-
provement in Hull Construction, of which the
following is a full, clear, and exact descrip-
tion, reference being had to the accompany-

ing draw ings and to the numerals of refer ence

10 marked thereou
My invention relates to 1mprm ements in

hull construction, it being especially apphca- |
ble tosteelships of the St&ndm d hner crmser |

and battle-ship types.

Certain deseriptive and illustrative matter
is herein included, which while not forming
the basis of claims herein presented is neces-
sary to an understanding of the general con-
struction and charactex of Vessel to which
20 the improvement claimed is adapted. Thus

there is comprised in this application descrip-

15

tive and illustrative matter of the prow and
of the stern ram and also showing the theory

of the amidships-section construction of the

25 vessel, which matter is not claimed as a part
- of the present invention.

The objects of myinvention are the follow-

ing: First, to provide a hull which 1s abso-

hlte]y unsinkable from ramming or collisions

3o of any kind; second, to so construct a hull

that it shall be when armor-plated in the
usual manner substantially impenetrable to

allshotcf any character now known delivered

in supramarine attack; third, to provide a
35 hull construection whlch shall affmd the mini-
muim possible liability toinjury trom subma-
rine attack; fourth, to secure a hull of maxi-

- mum displacemenb and steadiness of flotation
at the minimum draft attainable; fifth, toso

40 construct a hull that its entrance and wake-
way action shall be very similar and that its

- general amidships-section shall in relation to
entrance and wakeway, respectively, present

~ the least possible resistance toits propulsion
45 through the water; sixth, to provide a hull
for battle- -ship purposes which is capable of
having its displacement so arranged as to

avold 1a,1 ge superstructures, with the heeling

and unstead_iness they necessifate in 1lea\fy
so weather, while conveniently carrying heavy

of the hull

armament of the usual type, and, seventh, to

restore the balance of advantage in mnaval
warfare by increasing the general indestruc-
tibility of battle-ship hulls to a point rela-

, twely compenﬂatmw the great increase of effi- 55

clency in modern offenswe armainent.
While in several aspects my invention 18
fully as applicable_ to vessels of the merchant-

‘marine, I have chosen to show ifs construction

in a cruiser, for the reason that such type of 6o
my invention bestillustrates the method of at-
taching armor-plating and armament thereto.

T accomplish the ObJE'GtS named by the strue-
ture illustrated in the accompanying draw-
ings, hereby made a part of this %pemﬁeamon 65
in which—

Figure 1 is a side eleva,tlon of a ecruiser

_bu11t upon this system. Fig. 2 is a top plan

view of the same cruiser. Fw 3 isadiagram.
showing the theory of the transverse Sectlon "o
Fig. 4 is a diagram showing the
theory of the Stern construction. Fig. Sisa
diagram showing the theory of the prow con--

struction. Kig. 61s transverse section thl(}ll“‘h

the hull on the line 6 6 of Fig. 2. Fig. 71sa, 75

1| central longitudinal section taken amldshlps

through a part of the hull, on the line 7 7 of
Fig. 6, fmwald of the engines. Fig.8isalon-

-mtudmal%eetlonofapmtofthedeekconsmuc—- -

tion. Fig. 9isarearelevation of the capitalof 8o

one of the central %upportmﬂ’-eolumns show-
ing its embraced deck-stringer in transverse

sectlon Fig. 9*is a transverse section of the -
supporting-column, taken on the line 9* 9 of
Fig. 9. Fig.10 ISELVGIDICcﬂ sectiontakenonthe 85
hne 10 10 of Fig. 9, showing the same capital,
with 1ts inclosed deck-stri inger sectioned lon-
aitudinally through the ﬂa,nﬂ‘eq of one of its
side channels. Fig. 11 18 a rear elevation of
the capital of one of the angular side columns, 9o
showing its inclosed ann'ulm deck-stringerin
transverse section. Flﬂ‘ 12 18 a Velmcal sec-
tion through the same L&plt&l taken on the
line 12 12 of Fig. 11, showing its ineclosed an-
gular deck- Stlmn'et sectioned longitudinally 05
throngh the ﬂanwes of one of its.side chan-
nels. Fig. 13 is a rear elevation of the base

of one of the supporting-columns, showing
the special method of angling the same for
attachment to the floor of the hold., Fig. 14 100
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is a side elevation of the same column-base. | coiisisting of a modified upwardly and out-

- I0

20

~ and floor-ribs.

- 30

35

Fig. 15 is a vertical section through the same
column-base, taken on the line 15 15 of Fig.
13. Fig. 16 is an 1nterior elevation of a part

of the suie of the vessel, showing the manner |
‘in which the floor-ribs and deck-beams join

directly by means of a series of bulkhead-
oussets along load water-line without the in-
tervention of any of the usual side ribs or
timbers. Kig. 17 is a transverse section
through the sister keelson, taken intermedi-
ately between two of the lateral bulkhead-
plates. Fig.18isa transversesection through
one of the floor-ribs, taken intermediately be-
tween two of the longitudinal bulkhead-
plates. TIig. 19 is an intercostal section
through theside of the hull looking aft, taken
on the line 19 19 of Fig. 16. Ifig. 201is an in-
tercostal section through the side of the hull,
taken on the line 20 20 of Ifig. 16 looking aft.
Fig. 21 1s a transverse section through the
keel structure looking aft and taken inter-

mediately between two lateral bulkhead-
plates, showing the special method of assem-
bling the plateb of the rectangular keel-bulk-
hea,d% to each other and to the keelson, keel,
Fig. 22 is a lonmtudmal Sec-
tion through one eomplete tier of the super-
posed 1ectan cular keel-bulkheads, taken on

the line 22 22 of Fig. 21 looking starboald

and showing ihe hold ﬂ001 keelson keel, and |
side- bulkhead plates in sectlon
transverse section taken amidships thloun*h ]

a hull eonstructed in accordance with a modl-

fied form of my invention, in which the deck
is hollowed out for the pmpose of deflecting

' ar mor-piercing shells. -

| ___4.0

- 45

Similarnumerals of reference indicate simi-

lar parts throughout the several views.
1 may reple&,ent generally the hull, which
will be seen by reference to Fig. 1 to bear a

‘strong resemblance to Ol‘dlﬂdl‘} hulls in gen-
~eral exterior appemance excepting that the
superstructure rises relativelyless above load

water-line. * Fig. 2 also shows that the hull is

‘made upon the usual scientific lines of en-
trance and wakeway adopted in current naval

- architecture,being susceptible of all their cus-

~ tomary variations at pleasure.
illustratedin Fig.1istypicalof theapplication |
of this hull to war-ship constractions, and'the -

50

- same method of construction is designed to be

followed. throughout in bmldmn* melchant--

liners,with the exeeptmn of the omission of the
prow andstern rams and the erection upon the

- top of the central flat deck (clearly shown in

- Iig.2)ofasuperstructure containing the usual

'- 'deek houses, saloons, d&c.
exert pmpmtlonately no more effort towmd_

-6o

05

'unatead5 ing the hull than does the lower-ly-

ing heavy almament carried by the cruiser
shown -

- The theory of constluumw the hull w111 be
Dbest understood by 1efeience to Fig. 3. The
essential idea is that the ordma,ry side and
freeboard of the vessel shall be entirely dis-

pensed with and 1eplaeed bya new struetme

I‘lﬂ' 23 Isa -

The eruiser

. whose wei U‘ht will

wardly inclined bottom 2, united by a suit-
able curved or other body 3 to the upwardly

70

and inwardly inclined sea-deck 4,which joins -

angularly with a central horizontal deck 5,
oreatly reduced from the usual width in pro-

portion to the beam of the hull, as will be ap-
parent also by referénce to Kig. 2.

The 1in-
clined bottom and sea-deck referred to may
of course either or both be constructed as
planes intersecting at an angle at any point
eitheraboveor below load Water-hne butsub-
stantial departure of such inter Seetlon from
load water-line is inimical to the best results
of my invention and is therefore not advised.

practice by the construction described below.

‘Fig. 8 is aradial theoretic diagram of one-half

/5

80

Such planes are also preferably replaced in |

of a typicalimmersed amidships-section made

upon this principle after one of t,he-approved
forms of my invention. Theradial beam 66

of the vessel, 1ts draft 7 7, and height 8 8 of

supemtrueture above load water- lme 24 24

90

being given, the design pmeedure is as fol-

lows: A smta,ble radms 9 9 is swung from a
point on the central vertical plane 10 10 of

the vessel, preferably above its center of

buoyancy, from the keel outwardly to a point
11 av a distance 12 12 from said vertical

-plane, the variation of whose length deter-
mines the sharpness of recedence of the hull-
Parallelizing said vertical plane 10

bottom.
10 the line 11 is pmdueed and a - portion
thereof taken as the base of a par abola defin-
ing the principal bottom-section. This para-

' bola, has an abscissa 13 13 and ordinates 14 14,

15 15, 16 16, 17 17, 18 18, 19 19, 20 20, 21 21,
and 22 22 of such. chalaetel that the pam-

95

ICO

bola defined by the same shall exactly tan-

gent, at the point 11 with the arc 23 11 de-:
radius 9.9 and likewise of

Scubed by the
such character ‘that the central or ﬁfth or-

dinate 18 18 shall coincide with the load
The pérmissi- .

water-line 24 24 of the hull.

ITO

ble radial width 25 25 of the deck is thende-
termined in. accordance with the probable -

perils to which the hull structure will be sub-

| jected, it being, for example, broader for pas-
senger and Il-.-':lllO‘ﬂ er for Warshlp service. The
-dcek 5 is projected for said width 25 25, and .
the desired anﬂ*nlauty 26 26 of the attached

sea-deck 4 is selected, the line of said sea-

deck being projected to its point of intersec-
tion 27 with the load -water-line 24 24. The
distance 28 28 is then selected, which shall -
define the point of tangency ot the curved
side structure 3 with -the sea-deck 4, and a
line 28 29, projected upward, palallehzmﬂ' the

central vertical plane 10 10. The distance

from the point of intersection of said line

28 29 with the plane of the sea-deck 4 to load
water-line 24 24 is now made half-base of a

parabola, whose absmssa 32 33 coincides with
said load water-line.
latter parabola is then laid by taking an equal
distance along said line 28 29 below load wa-

The bLase 30 31 of this

115
120
125

130

ter-line, and apa_,ra,bola, is constructed there-
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onhaviiigan absmssa 32 38andordinates 34 35,

3637, 88 39 4041, 4243, 44 45, 4647, 48 49, of
such character that the upper leg of the pala—
bola shall precisely tangent with the Sea-
deck 4 at the inters ectlon of the line 28 29
with the plane of said deck and that the
lower leg of the same shall tangent with the
parabola 13 11, defining the under side of the
hull at the outetr end of the latter’s lower
central o¥ fifth ordinate. Itis preferable that
the line 6 33, parallelizing the central plane
1010, should as nearly as practicable cut the

focus of the large pm'abola, on 1ts absecissa

13 13: but this exact result is difficult to at-
tain in practice. The effect of the structure
oiven is that shot reaching the hull below
load water-line always generate with the de-

parting leg of a parabola, this being the
easiest line of surface to follow and most diffi-

cult to penetrate in nature. Shots reaching
the hull in broadside above load water-line
either land uponthe upper departing leg 30 33

of the small parabola with similar effect to

25

30

that above described forthe large parabola or

will generate with the sharply-reeeding S0a-
deck 4, which discharges them into the air
at 1ts Intersection with the horizontal flat
deck 5. In defense against broadside attack
the special advantage of the hull is that the
unusualnarrownessof thedeck 5 enablesit to

carty more than the customary thickness of

~armor throughoutits length without increase

35

40

43

of agoregate weight; but it is not claimed
that the trajectory of distant shots cannot

be trained to fall upon this as upon other
decks of the kind. Clearly the special ad-

vantage of the hull is in close broadside en-
cagement, where no practical opportunity for
penetrating it exists at any point.

- The theory of the stern is best demonstrated
from the diagram given in Fig. 4. Its chiet

peculiarity consists in the formation thereon.

of a ram 50, similar in type and function to
rams now in use on the prows of warships.
The outer side of this ram is formed by the

~erection of a short straight-faced body 61 51,

50

built upon a similarly-inclined stern-post,

both having preferably anangularity of about
seventy degreestoload water-line 24 24, and

the erection of a line 52 52 perpendicular

- theretoat its base, from a point upon which,

53

6o

and therefore tanfrent to the lower end of

said flat, a suitable radlus 52 93 1s dropped to

define the nose of the ram. A line 54 54 is
then erected at a slight declination from the
vertical-~preferably about eighty-two and

one-halfdegrees—toload water-line 24 24,and
from it aradius 54 55 1s swung to intersection

with the arc defined by radius 52 53, thus
completing the definition of the point of the
ram. The under body of the ram-support-
ing structure is then completed by tangeut-
ing a straight body 54 56 to the are described
by radius 54 55 at the normal perpendicular
ninety degrees to the line 54 54, as clearly
indicated in the figure. This construction

*

scribed by the radius 60 61,
of the cut-water is finished by the usual free- -

tomary angle of about sixty degrees.
foregoing process of deseribing the prow-ram

penetrate the body of a vessel for a large dis-
tance beforethe stern-post of the vessel ram-
ming is reached without the slightest intru-
sion upon the functions of rudder 57 or pro-
pellers 210, as will be clear from Figs. 1 and
4, and enables the shock of ramming to be
directly transferred along the line of the sup-

porting structure 54 56 to the heavily:resist-

ing keel structure of the hull. -
The above process of defining thé stern-
ram 50 enables its point to be located at any

desired height 58 59 above the keel by simple

variation of the radii outlining its c¢ontours
without in any manner Ohanﬂ*inn' the philo-
sophic character of the ram or its efficiency
of operation.

The procedme for constructing the prow-

-ram, Kig. §, is very similar to that commonly

in use upon war vessels of theday. A prin-
cipal radius 60 61 is swung tangent to the
keel from a point on a line perpendicular to
the latter erected at the rear extremity of the
ram. The prow 62 of the vessel is then

erected atasuitableangularity,preferably the

asual one of seventy degl ees,and at ninety de-
orees thereto a perpendicular 63 64 iserected,
from a point upon which is struck the fore
radius of the ram 65 66 to intersection with
the arc of the under body of the ram de-
- The remainder

70

75
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board 67, ending with the sweep 63 at load

water-line 24 24, to which it sustains the cus-

is adapted to the attached hull structure

The

100

and conveniently enables the point of the

ram proper, 69, to be located at any required

height 70 71 above the keel. .
Wlnhm the contours whose theoretic phil-

osophy has been explainedin connection with
Fig. 8 the structure of the hull is built, as

clearly shown in the general transverse sec-

tion of Fig. 6, taken on the line 6 6 of Fig. 2.
The details of this structure beingelsewhere
specified, this general figure 1is suﬂicmntly
clear by notmcr that the pmts consist in the

‘main of the keel 72, web-keelson 164, flange-

105
110

I.I_sl |

keelson 171, side keelsons 132, sisterkeelsons :
133, stringer-keelsons 134, rectangular keel-

bulkheads 161 162, superposed bulkheads

180, side bulkheads 198 199, and floor-ribs o

215. All of these compartments formed by
the bulkheads in the skin of the vessel may

beconveniently drained by longitudinal pipes

120

entering their lowest portions, as ordinarily

practiced in draining ship-compartments.

‘This bottom structure is united by the gus-

sets 115 to the transverse deck-beams 74, 1011-

125

oitudinally connected by the anﬂ*nlal and
straight deck-stringers 30, reSpeetively sup-

pmted by the anﬂ'ular and straight distance
or supporting columns 82, restmw upon the
hold-floor 105 directly over the_ swtel keelsons
133 and side keelsons 132.
framing structure the bottom-sheathing 143

I30

Over this entire

gives great strength to the ram, enables it to i i3 plated in the uswal manner, and above it
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1's;*"enilzt*tf-'-ba(‘tkin*n"-plate.@, 79 by the nsual meth-
ods.

Theassembled view given in Fw* 7 of a cen-
tral longitudinal sectlon of a part of the hull
will: be elearl; understood by stating that it
is taken on the line 7 7 of Fig. 6 at a -p_O_Sil_:io_n,'
forward of the engines, nearly amidships, and.
- .showing 'in longitudinal section the same

- keel 72, keelson 171, keel-bulkheads 161 and

162, straight supporting-columns 82, deck-.
.--strmﬂ'er Sb, gussets 114 115, deck- beams 74,
;umted thereby, and deck- sheathmw 78.
will be evident from this figure. that the ef—f
fect of the structure is to give great strength
not only in sustaining shocks to. the deek {
‘but in resisting under- concussions aﬂ'ainsté
the bottom of the ship and minimizing the:
‘probability of its destruction by such shocl{s;
_as those.of submarine torpedoes or.shells.
- The construction of the deck is shown in
- :.detml by Fig. 8. - Thedeck-beamsare formed.
of duplex bulb -angles 73 218, attached to the:
- deck-sheathing 73 and baekm g-plates 79 and
turned: with thelr bulbs faemﬂ* away {from

‘each other toward the two exterior sides of

-the:beam. These two bulb-angles constitut-
30
_. ;-termma,te distance from each other that they

-act with the dynamic effect of a single mem-
ber,

ing each deck beam are Sltllﬂted at such de-

‘being effectively united by means of

-.._-.the1r attachment by through-rivets 75, pass-

35
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ing-completely through Lhell ﬂa,nn'es 76 77
_;a,nd thedeck-sheathing 78.and. baekmg-plates |
- 79, which latter thelefore become efficient.as.
a, box plate of the beam, uniting its bulb- |

angles 78 218.  Said- deck beam 74 has no

under box- plate the moment of ‘inertia of
-such-plate being replaced by the equal com-
bined moments of inertia-of its bulbs, so that
- the ‘beam -structure is substantially equiva-.

lentin:value to a-box-girder of its respective

. 45,

.depth. -

~ .the:box-plate- action described above as fur-

- nished by the backing-plate 79 in the war-
5o shipdeck typlﬁed by Fig. 8; but in the case
- .ofsuch:decks.as the- latter the transverse. ar-

-rangement is more convenient and is made

o “equally effective by the union of the succes-

6o

- =sive.backing-plates 79 by the agency of the

55
- -~ through-rivets 81 to both the backing plate
79 aud deck-sheathing 78, thus adaptmw the
~standard three-part deck of battle- ships as |

exterior armor-plates 80, united by the large

now.made to my special deck-beams. |
TFig. 9 shows.a detail structure of the capi-

~tal. of one of the straight supportmmcolumns

-82,.which consists, essential]y, of the butt-
-.angle 33, attached by rivets 84 to the webs of
the column channelsand supporting the deek-.
-stringer 86 directly upon their upper flanges,

6, the deck-ar-. | deck-stringer. 86.
indicated in Fig. 9 fmd clearly detaﬂed in Flo'
10, taken on the line 10 10 of Fig. 9, are_se-
cure’_d by through-rivets 92 to the_.-tlop-._web- |
By refer-

ence to Fig. 7 it will be-seen that the-deck-
stringer- 36 is strongly attached throughout

its lem‘t_h to each of the bulb-angles 73 218 of -
the deck-beams 74, supported _by.it,in series
by means of the deck-angles 175.
- tion_at which Fig. 10 is taken more clearly
oxhibits the manner in which the butt-angles
83 85 are attached vertically by the rivets 84
to the channels 108109 of the column 82 and
‘horizontally secured by rivets 94 to -th_e.bot- )
tom web-plate 95 of the deck-stringer 86. The

Tt

In the case of ships.of the-merchant
‘marine the first deck -sheathing 78 can of
course run in, longitudinal strips;. supplymrr

‘Figs. 16, 19, and 20.
of theduplex deck-beams 74, as seen particu-
Jarly in Fig. 16, are united by rivets 112 to -

689,821

.the deek-bheathmﬂ' 78, or, as in, the case of | such manner as to inclose betweeu them the

‘the cruiser 111ust1ated by F1
‘mor 80, is also superiorly attached with inter-

The cap-angles 90 91, as

plate 93 of the deck-stringer 86.

The sec-

deck-stringer, as shown in both 1110'% 9 and

10,18 substantmlly a rectangular box: oirder,
_1ts side channels 96 97 being secured to its top
and bottom: plates 93 95 by rivets 93 in the |

usual manner.

Fig. 11 shows a rear elevallon and Fig. 12
a qpeclal_ section on the line 12 12_ of Flg 11,

of the angular modification of the supportin g-

column capital required to adjust the same to
‘the support of the inclined sea-deck. The
functions of-all parts of this angnlar eapltal
‘are identical with those of the Stl aight .capil-
tal shown and described in conuectlon with
‘Figs. 9 and 10, the sole difference bemﬂ‘ the

elongation of the side angle 87, the cap-an-

~gles 90 91, the channel 96, and top plate 93,
w1th CO[‘IeSpOHdIﬂC" shortening of the side an-
-gle 88 and channel 97, while the bottom. plate -
..--95 the butt-angles 83 85, and all riveting re-

-main the same as for. the straj ﬂ'ht eapltal |

Thebaseof thesupporting- column isshown,

30
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1espectwely, in rear and sule elevations by

‘Figs. 13 and 14, and its structure further ex-
?hlblted by the specla,l section, Fig. 15, taken
on the line 15 15 of Fig. 13.
sentially, of the duplex base-angles 99 100 y
-attached by rivets 101 to the webs of the col-
-umn-channels 108 109, as shown especially in

Tt consists, es-

I1

Figs. 13 and 15, and the quadruplex brace-

By inspection of Figs. 9%, 10, 12,

intelligi ible.

- Theconstr uetidn of the edﬂ'e of the Vessel at
load water-line, whose st enﬂ'th formsa highly-

essential feature of my mvenuon isshown by
The bulb-.-_angles 73 218

;anﬂles 102 103, attached to the flanges of the
-_column channels by rivets 104, and likewise
‘attached by rivets passing throuo'h the hold-
floor 105 and the floor-angles 146 secured to
the web-plates 107 of the.floor r1bs 215, as will
be evident from Figs. 6, 16, and 18, the latter
two showing the duplex chameter of said
floor-ribs. |
14, and 15 the nanner in which the support-;
ing-column section is constructed of the chan-
,_nels 108 109, united by the I-beam 110, se- -
cured to Seud channels by rivets 111, Wlll be

. II

I2

12

13

| ‘ the sufle angles 87 88 being secured by rwets extensions 216 217 on the duplex gussets 114
-89 89 to the ﬂanfres of the column-channels i in

......

115, which have alsolower exteusmns 116 117,
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similarly riveted to the - web-plates 107 187 1 mwles 138 139 to the eentmi web plete 130

by the rivets 153, 'These gussefs thus di-
rectly unite the deck-beams to the floor-ribs
In such manner as to complete a framework
reinforcing the edge construction of the ves-
sel with great strength.

particularly shown in Figs. 19 and 20

The highest of the mtercestal eompmt-“'
ments is sealed by the structure indicated in ;

Iig. 16 and more fuliy detailed in Figs. 19 and
20.

by rivets 121 to the water-line bulkhead-plate

122, which has side flanges 124, attached by
'rwets 125 to the webs of the reepeetne oUus-

- sets 114115, and bottom flanges 126, atta ched

20

25

by rivets _127 , passing through both the calk-

ing-strip 212 and the backing-plate 119, as |

clearly indicated in Figs. 19 and 20. As
shown in FFigs 16 and 19, rivets 118 attach the
gussets 114 115 to the beam-backing plate
119, which in turn is similarly attached by
intermediate rows of much larger rivets 128

- to the water-line armor-plate 129, as fully de-

3°

tailed by Fig. 20.

The uppermoeb rows of
said rivets 193 likewise pass entirely through

-the sea-deck armor 130, through an angu-

larly-reduced extension 131 of the backing-
plate 119, and finally through the deck-

- sheathing 78, attached to the bulb-angles 73

35
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and 138, by the rivets 152,

bo

of its

218 of the deck-beams 74, as pm ticularly ex-

‘hibited by Fig. 20.
The transverse section of the sister keelson :
133 (shown by Fig. 17) will be found upon

comparison with the similar transverse sec-
tions of the side keelson 13z and stringer-keel-
son 134, (see also Fig. 6,) to be identical with
the latter and substantmlly identical with
the former in construction,with the exception
angular top. It is therefore deémed
sufficient that said sister keelson 133 should
be analyzed as characteristic of the keelson
group of structures. All of the keelsons

named consist of central web-plates, as typi- -
fied by 135, which are longitudinally contin- |

gous.throughout the length of the hull, in-
terrupting the floor-rib plates 107 of the floor-
ribs 215, Fig. 18, to which they are united by
the mechanism of Fig.17. Thesister keelson

133, for example, consists of the central web-

plate 135, forming the keelson proper, which
is attached by rivets 154 to the rib-angles 136,
which anglesarein turn serewed tothe floor-
rib plates 107 of the floor-ribs 215, Figs. 17

are bentaround the vertical flanges and abut
upon the horizontal flanges of the top and bot-
tom keelson-angles 138 139, which run con-

“tinuously for the length of the keelson itself,
saldrib-angles being attached tosaid keelson-

angles by the tie-rivets 140 140, which are
lengthened at the position of therib-angles 136
to 1nclude the same in this union, asshown in

- Fig.17,butareatall intermediate positions of

simply sufficient length to attach the keelson-

The gussets 114115
are attached by rivets 118 to the longitudi-
nally-continuous bdbklnﬂ'-pl&te 119, as mme

The hold-floor 105 has a vertical flange
120 at 1ts outer extremity, which is attached

'umted by rivets 152 to angles 136 which are
| secured in turn by rivets 154 to smd central

| of Fl

‘manner interferes with the formation of the
‘water-tight joints of the hull-bottom, which

The rib-angles 136 |

Smaller rivets 141 attach the top keelson-an-
gles 138 to.the hold-floor 105, and larger rivets 7o
142 unite all three thleknesses of the bottom
sheathing 143, the calking-plate 144, and keel-
SON- fmﬂ*lee 13J together in a solid wa,ter tight

joint, Whleh is pr efela,bly coated between all |
its plates with red lead in the usual manner 75

prior to having the calking-plate 144 calked

down upon the bottom sheathing 143,

A complete view of the transverse section

of the floor-ribs and the details of their top,

bottom, and bulkhead connections is given 8o

by Fig. 18 “They consist, essentially, of the
vertledl floor-rib plates 107 137, united at the
top by rivets 106 to the ﬂoor-a,nfrles 145 146,
attached by rivets 147 to the hold-floor 105,

said floor-rib plates being attached at the bot- -85

tom by rivets 148 to the “ealk- angles 149 150,

which are attached by rivets 191 to the deek-
sheathing 143 and calked down thereon along
their entire edges. The effect of this struc.
tureisthatthefloor-ribisdyvnamically equiva-
lent to a box-girder in efficiency, whose base-
plate is formed by the sheathing 143 and top
plate by the hold-floor 105. This structure
enables the rib to give exactly as efficient a
support tothe skin of theship and floor of the
hold, respectively, as though a complete box-
girder of the usual form had been interjected -
between the same and is lighter throughout
its length by deduction of the weight of the
top and bottom plates of such box-girder.
The duplex floor-rib 215 is mterrnpted by the

Q0
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longitudinally-continuouscentral web- plates

as 135, of the keelson 133 in Fig. 18 and is '

108
web-plates 135. - At these points of interrup- 5
tion, as will be clearly seen from inspection
18, the floor-rib plates 107 137 of the
ﬂOOI‘-_I"ib 215 are cutb to contour around the
calking-plate 144 and the keelson-angles 139
138 in such manner that said web- pla,tes shall
rest’ directly against the sheathing 143 and
hold-floor platee 105, as shown. ThlS_lIl no

11O

115
all run longitudinally, as shown by and de-
seribed concerning Kig. 17, the intermediate
joints of the sheathing-plates at the extremi- -
tiesof theirlengths being planned to fall in-
termediately between the ribs and to have
overlying said joints calking-plates of the or-
dinary type, which therefore arenot shown in
the drawings.

The keel structure is ehown in detail by
Figs. 21 and 22, of which the former is a 125

120

transverse seetaion looking aft and taken in-

termediately to lateral bulkhead-walls, and
the latter a longitudinal section looking star-
board and ’mken intermediately to ]()Ilﬂ'l‘tll-
dinal bulkhead-walls on the line 22 22 of 130
Fig. 21. This struecture consists, essentially,
of the inferior keel-plate or keel proper,

72, which is preferably a continuous heavy

- for'n'ed steel plate of the sectional character
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- shown, ;whdse bofttom contour interiorly par- |

a]]ehzes the radius 9 9, Fig. 3, of the hull-

- bottom, so as to fit twhtly aﬂamst the inner

- face of the bottom shea,thmﬂ‘ 143.
72 has special longitudinal enlar gements 155

o Fig. 3, of the hull.
| Ikeel ‘7'2 consists of a strawht rectangular cav- _
ity or channel 157, whose bottom is perpen-

IO

156 at its sides, whose upper faces are per-
pendicular to the central vertical axis 10 10,
The upper side of the

~ dicular to and whose sides parallelize the

“plane | in which lies said central and vertical

axis 10 10, The keel 72 is attached by rivets

158 to tlle shedthmcr 148 beneath and to the

keel-angles 159 abov e, whose vertical flanges

are in turn secured by rivets 160 to the trans-

~ verse keel-bulkheads 161 162 of the port and

20

- formathree-plystructure with the keel 72 and |,

starboard keel- compartments respectively.
. The longitudinally -continunous keel-
163 219 have their horizontal flanges assem- |

angles

Dbled by continuations of the rivet series 158 to

3 -Sheathmﬂ' 143 and inclose between their ver-

tical ﬂau ges the web-keelson 164, to whiceh
they are seciired by rivets 165 in such manner
that said web-keelson 164 rests directly upon.
thekeel72. Rivets166securetheweb- keelson

- 164 to central angles 167, attached to the keel-

bulkheads 161 162 by uvets 168.

30
ferior keelson-angles 170, which are united to

attach the keel-bulkheads 161 162 to the in-

~ .the ﬂa,nﬂ'e-keelson 171 and the superior keel-

35

. 8on: anwleb 172 by the through horizontal stag-
 gered rwetq 173. The 1nfer10r keelson-angles
170 have webs bent in the flat, with triangu-
~lar-shaped bodies removed flom their trans--

verse flanges to admit of their being bent

dow nward to form continuously therefrom
-the side an n‘les 174, attached by similar rivets

40

169 to the keel bulkhead plates 161 162. The

- longitudinally-continuous corner-angles 176
177 embrace the top of the web-keelson 164, to
~..which they are attached by rivets 211, while

- their horizontal flanges directly support the
.flange-keelson 171, to which they are attached
by the rivets 220, fm ming at the keelson-bulk-

~_heads 180 contumatmns of the rivet.series
- 178 Similarly, the flange-keelson 171, which

_50

is a trough-shaped steel plate, has vertleal

side flanges 178 and has attached to its base

" the superior keelson-angles 172 by rivets 179
- to seal the bottom of the superposed keel-
~compartments, all being as clearly shown in

'60

Fig.21. The top seahnﬂ' of these superposed

| keelqon-bulkheada 180 is compieted by the

central floor-angles 181, attached thereto by

the rivets 182 and to the hold-floor 105 by
- rivets 183.

Deep continuous web-plates 185
186 complete and longitudinally seal all of the

lower or inferior rectangular and superposed

. _-keel-compartments defined by the bulkheads

161 162 180, said web-plates resting directly

. uponthepr O]GCtIOIl% 165and 156 rebpﬂetwely,

..65

of the keel 72 and having dlrecbly upon their
upper edges the hold- ﬂom 105.
- plates: 185 186 are secured inferiorly at their

Said web-

_bottom edges by the longitudinally-continu-

—t— e m— P
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The keel

| 162 by means of rivets 192 the vertical

Rivets 169

{ the hold-floor 105 the eambmede

ous bed- ﬁ.nn'les 187 1&8 a,ttaehed'by rwets'iSQ-- o

to the keel projections 155 156 and by rivets
120 to said web-plates 183 186, Passing up-
ward, the web-plate connections 1nter10r1y en-

oles 174 of the transverse keel- bulkheads 161

178 of the flange- keelson 171, and by means
of rivets 193 the lonmtudmal ﬂanﬂ‘es of the

lateral angles 194, whlch are in tum secured

gage bv means of the rivets 191 the side an-

flanges =
75

by rivets 190 to the transverse keelson-bulk-

‘head 1580, complete its lateral sealing. Itslon-
eitudi nal sealingisthen effected by the attach-
ment of said Web plates 185 186 throughrivets

3o

222 to the longitudinally-continuous fiy aming- -

angles 223 221, which are integrated w1th lhe

-hold floor 105 by the contmnatlon of the same
series of flooring rivets 183 hitherto.described.
This entire keel structure is adapted to resist

severe vertical and transaxial shocks to the

vessel-bottom in the most efficient manner

with the least possible weight of material.

The effect of upward concussions transmitted

Q0.

through the sheathing 143 to the keel 72 with

‘the web-keelson 164 is to render it, considered

dynamically, as a separate body equwalent to
a solid forged keel of T-section, the resultant
from %hocks to whose honzontal flanges would

be distributed upon its vertical web, "This s -

the weakest possible manner of considering
the keel structure shown; but it is actually

entitled to be considered, with- respect to all
vertical shocks, in con JllIthIOll with the deep
and rigidly-attached web-plates 135 186, the

web-keelson 164, the flange-keelson 171, and

is to render the keel substantially equivalent
in strength to two longitudinally-continuous
hollow lectanﬂ'les at the base connected with
the distributive superposed rectangle (the

keelson-bulkhead) 180, designed to .t.:_tke off

the shocks occurring to the lower reeta’n‘a‘les

(the keel- hulkhea,ds) 161 162 and dlstllbute_

them effectively to the series of side bulk-
heads 198 199, to the entire flooring 105,

05

B ael

factof Wthh -

o],

Y1¢

and through these members to the. floor- mbs- .
215 and up to the directly-attached deck-

beams 74, by which all shocks are instantane-

ously and generally distributed and absorbed

throughount the structure of the ship. The

11}

'p1oces'o of lonﬂmudmally translating the dis-
integrating effects of concussions or strains

to the botbom of the. ship is simultaneously

‘[2C

condueted by all the continuous longitudinal

members—such as the keel, the web Jreelson,
the flange-keelson, the web plates, the side,
sister, and strmﬂ'el keelsons, and the beam-

-baekmﬂ* plate 119-——&11 of which harmoniously
_equalme such strains, wherever their point of
occurrence, between all of the lateral bulk-

heads united by these members. This 1ap1d

and wide dlssemma,blon of all shocks toorin

the neighborhood of the keel affords a very
useful and secure means of obtaining strength
at small eost of weight and tends to minimize
the probability of destructlon of the. hull from

| submarine explosions.

I2¢

£3c
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- 204 directly to the sheathing-plates 143.

15

20

30

35

40

50

55

the skin friction to but a slight excess over |
that portion of the total friction which is sus-’

60

"“ 689,321 "

Attheoutside of the keel struncture the web-

plates 185 136 are attached by the same series
of rivets 190 191 192 193, relating interiorly

to the varions members of the keel structure.

secured to said web-plates, (see Figs. 6, 21,

and 22,) tothelongitudinal flanges of the side-

bulkhead angles 196, which are secured by
rivets 197 to the side bulkheads198199. 'The
bottom sealing of the transverse plates of
these large side bulkheads 198 199 1s coul-
pleted by the bilge-angles 200 201, attached
thereto by rivets 203 and attached by rivets
The
top sealing of the side bunlkheads 198 199 1s
completed by their attachment through riv-
ets 205 to the sealing-angles 206, which are at-
tached directly by rivets 207 to the floor-plates
105 at their points of occurrence throughount
the length of the ship. Theouterside ot these
side bulkheads is sealed by the side keel-
son angles 208, attached thereto by rivets 209,
as more clearly shown in Fig. 6, where the
modification of port-side bulkheads 198 at the
proper point of imposing the engine-bed is
seen. Of course such modification is strietly
limited to the short length of the engine-bed
itself. Attention iscalled tothe fact thatthe
oreat depth, approximately triangular form,
and very rigid connections of these side bulk-
heads 198 199 cause them to importantly re-
inforce the strength of the keel structure
lying between them and that their large dis-
tributing-surfaces readily take off transaxml
shocks 1:0 the vessel-bottom, as well as the re-

sultants of shockssustained by the web-plates

185 186. It is also obvious that shocks oc-
curring intermediately to the width of these

bulkheads 198 199 will be equally distributed |

to both port and starboard and respectively

absorbed by the longitudinal web-plates 185 |

186 and the side keelsons 132.

The special arrangement of my inv ention
by which its most approved formn consists of
upwardly-inclined parabolic bottoms whose
abscissee parallelize the central deck presents
an immersed amidships-section, whichis in-
troduced and succeeded very smoothly by
the tapered entrance and wakeway shown in
Fig. 2 and causes the vessel to be driven
with very little resistance through the water
in a manner conducive to the highest attain-
ments of speed. This effect I8 enhanced by
the fact that the parabolic bottoms entirely

displace the nsual sides of the ship, dispense

with the great hydraulic pressure to which

the 1mmersed portions of such sides are al-

ways subjected, and thus tend to minimize

tained by the bottom only of a ship construct-
ed in the usual manner. A second and not
less important effect is that the customary
side pressure being diverted to the bottom is
converted into added effective buoyaney of

hull.
vention to use in the heavier warships typi-

These qualities not only adapt my in-

more readily adapt the relatively shallow

| pedo- boms, tmpedo boat d@‘%th}@lS, mpid_'
liners, and yachts, in which latter c¢lass of
narrow-beamed vessels it is obvious that the

70
adjunct of acenterboard may be employed to

draft of this system of construction to the

llemlel heeling effect of a lar oe sail area.
Having thus described the stlueture and

75

Opela,tne functlons of my invention, w hat1l

claim is—

- 1. Combined in a hull stluctme, a keel.
proper having a central, superior longitudi-
nal channel .:md lonﬂltudmal enlargements
along its sides; and a web-keelson centrally -

8o

attached thereto; the construction beingsuch
that both the said web-keelson and keel en-

largements are adapted for attachment to the

contwuous parts of the hull stl ucture, sub-

sta,ntmlly as described.

2. Combined in a hull stmctme a,tlouﬂ*h- S
shaped horizontal, longitudinally- contlnuous

flange-keelson; a,nd a vertical web-keelsonin-
feriorly attﬂehed thereto, substantially as de-
scribed.

3. Combined in a hull str uetme, a hOI‘lZOIl-
tal keel proper; a vertical web-keelson at-

90

tached centrally and perpendicularly thereto;

and a horizontal trough-shaped flange-keel-
son attached to said Web-keelson and par-

95

allelizing said keel pl‘Oper substantially'as _

| described.

4. Combined in a hull stluetule, 3] trouﬂ*h-
shaped horizontal flange-keelson; a vmtwal
web-keelson inferiorly attached thereto; and
a horizontal keel proper inferiorly attached
to said web-keelson; all of said members be-
ing longitudinally contmuous, substantlally
as deserlbed
5, Combined in a hull structure, bobtom-
sheathing plates, a keel proper;

continuous web-keelson centrally attached to
said keel; a flange-keelson; port and star-
board longitudinal web-plates; port and star-
board transverse keel-bulkhead plates; and
means forattachingsaid keel-bulkhead plates
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means for at- -
taching said sheathing-plates tosaid keel; a

ITO

to said keel web - keelson, flange - keelson -

and vertical web-plates, substantmlly as de-

seribed.
6. Combined in a hull structure, a keel

proper; a web-keelson and vertical port and

starboard web-plates all attached to the keel

proper; -and a flange-keelson; rectangular
keel-compartments bemfr 101210‘1[]11(31[[&1]}7 de-

fined by the foregoing membersg and trans-

reg
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versely defined by bulkheads between said - B

mebers, substantially as described.

- 7. Oombmed in a hull structure, a keel
proper; a web-keelson centrally and perpen-
dlcularly attached thereto; a horizontal
flange-keelson (having vertical longitudinal
fla,nﬂ'es at its sides) attached to said web-
keelson and parallelizing said keel; longitu-
dinally-continuous port “and starboard web-

plates; and means for attaching the flanges
of said flange-keelson to said port and star-

fied in the drawings, but quite as well to tor- i board web- phtes substantially as described.
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8. Combined in a hull struetme, a keel

plOper a web-keelson cenfrally and perpen-

| _'leUldll} attached thereto; a flange-keelson

L

(having flanges atits sides) centr ally attached

to said web keelson and parallelizing said

keel; longitudinal port and starboard web-
pla,tes, tzansvelse keelson-bulkheads; ahold-

~ floor superiorly secured to said keelson-bulk-

 in

‘heads and to said port and starboard web-
plates;

means for securing the flanges of said

- flange-keelson to said port, ‘and starboard web-

- dinally-channeled keel proper, ha,vmﬂ' 101:10'1-'

20

plates and to said keelson-bulkheads; trans-

verse keel- bulkheads; and means, respec-

tively, for securing said keel- bulkheads to

said port and Sta,rboard web-plates, flange-

keelson, web-keelson :Ll]d keel, substantmlly

as descnbed

9. Combined 1n-a, hull stl uncture, a lonﬂ'ltu-

tudinal enlargements along its edﬂ'es, lonw-
tudinal web - plafe%, ,tra,n%vewe keel - bulk_—

head plates; and means for attaching said

web-plates and keel-bulkhead plates, respec-

- tively, to each other, and to said enlargements

25

of the keel, sub%tant.la,lly as descrlbed
10. Combmed inahull structure, a horizon-

tal keel proper, having lonn'ltudmal enlarge-

30

‘ments along its edges; a ver rtical web-keelson

centrally and perpendicularly attached there-

to; a horizontal flange-keelson (having lon-
gitudinal flanges at its sides) attached tosaid

web-keelson and parallelizing the superior

- facesof said keel; vertical port and starboard

- 35

~ said web-plates to said keel enlawements,'

E web-plates adapted torestcontinuously along

the top of said keel enlargements; means for
attaching the flanges of said flange-keelson
to said web-plates; and means for attaching

- substantially as deseribed.

.40 |

proper; a web-keelson and continuous port
and starboald vertical web-plates, all at-

tached to said keel; a flange-keelson ; keelson-

 bulkheads; and tmnsverse keel- bulkhe&ds

: 5'0
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the construction being such that eomnart—

ments are thereby 10110*1131_161111&1137 and trans-
versely defined, substantially as described.
12. Combined in a hull structure, bottom-
sheathing plates, a horizontal keel proper;
portand starboard vertical web-plates; means

for attaching said sheathing-plates to said

web-plates; a web-keelson centrally and ver-

tically attached to said keel port and star- |

board transverse keel - bulkhead plates; a
flange-keelson attached to said web-keelson;

- and means, respectively, for attaching smd
keel- bulkhea,d plates to said keel, web-keel-
- son, flange-keelson and vertical web- plates

substantmlly as deseribed.

13. Combined in a hull structure, bottom-
sheathing plates, a horizontal keel proper;
means f01 attaching said sheathing-plates to

said keel; a- vertical web-keelson (eentrally |
tangular

and .-perpendicularly attached to said keel);

“port and starboard transverse keel - bulk-

heads; means for attaching said keel-bulk-

11. Combined in a hull structme, a keel

|

‘keelson - bulkh ead::

keelson to said keel;

. 689,821

ous portand starboard web plates; transv orse
hold - floor plates; and

means, lespectwely, for attaching said keel-

‘son-bulkheads tosaid flan we-—keelSon , port and

starboard web-plates and hold- ﬂom plates

substantially as deseribed.

14. Combined in a hull structure, a keel

proper; a web -keelson; longitudinally- con-
tinuous keel-angles for attaching said web-

starboard web-plates; lonmtudmally -continu-

ous bed-angles for attaehmﬂ said web-plates

tosaid keel a flange- keelbon longitudinally-
continuouns corner- cmﬂ'les for atmchmw
flange-keelson to said web keelson; means_fm'
attaching the flanges of said ﬂange -keelson to
said web-plates, hold-floor platestransversely
closing over the tops of said web-plates; and
lonﬂ'wudmally continuous framing - angles
for attaching said hold - floor plates to'saad

continuous v.eb pla,tes sub%tautlally as. de-

seribed. .
15. Combined in a hull structur e, bottom-

sheathing;ahorizontal keel proper;a vertical

75

continunous port and

80

said

85

Qo

web - keelson centrally attached thereto; a

horizontal flange - keelson attached to Sald
web - keelson; h'old-ﬂoor plates; continuous

‘port and starboard web-plates attached, re-

spectively, to said keel, flange-keelson: and

hold - floor plates; port and starboard keel-

bulkheads; superposed keelson -bulkheads;

.tmnsvelse side bulkheads attached, respec-

tively,tosaid bottom-sheathing, port and star-
board web-plates, and said hold-floor plates;

.said members being so related that the keel,
web-keelson, flange-keelson and web-plates.
all act as longitudinally-continuous defining
members to a,ll of the 1eetangular keel, keel-.

son and side bulkheads which they inter rupt
in series, subsbantlally as described.

16. Combined in a hull structure, a a koel
havmﬂ' longitudinal enlargements along its

side edges; bottom-sheathing plates; means

for attaching said sheathing-plates to the cen-
tral body and side enlargements of said keel;

a vertical web-keelson centrally attached to

‘said keel;ahorizontal flange-keelson attached

to said web-keelson (having integral longitu-
dinal flanges along the sides thereof); longi-

attaching said web-plates to said longitudi-

95
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tudinally-continuons web-plates extending
from the top faces ot said keel enlargements
to the sustained hold-floor plates; means for

L 2¢

nal keel enla,rn'ements and flange- keelson--

flanges; hold- ﬂoor plates extendmn‘ horizon-
tally across said web-plates; and means for
attaching said web-plates to
| pla,tes, substanmally as described.

said hold- ﬂom

Combinedinahullstructure, a hori izon-

tal keel a web-keelson, and polb and star-
“board .web-plates all Vertically attached to
‘said keel; a flange-keelson attached to said

web-keelson and parallelizing said keel; rec-
keel -

12!

13¢

bulkheads; means, respec-

tively, for attaching said keel-bulkheads to

sald keel, web- plates flange - keelson and

heads to smd keel; a flange- keelson contmu-— | web- keelson, superposed kee]son bulkheads,



10

I5

20

30

35

40

45

20

55

689,821

means, respectively, for attaching said keel-
son-bulkheadstosaid lange-keelson and web-
plates; side bulkheads; bottom -sheathing;
side keelsons attached to said bottom-sheath-
ing; means, respectively, for attaching said

side bulkheadb to said bottom-sheathmg, side.
keelsons and web-plates; hold-floor plates

closing overthetops of said side keelsons, side

“bulkheads, web-plates and superposed keel-

son-bulkheads; and means, respectively, for
securing said hold-floor plates to said side
keelsons,side bulkheadsand superposed keel-
son-bulkheads, substantially as described.

18. Combined in a hull structure, a keel, a
vertical web-keelson and port and starboard
vertical web - plates parallelizing said web-
keelson, all perpendicularly attached to said
keel; a horizontal flange-keelson paralleliz-
ing said keel; rectangular keel-bulkheads ly-
ing between the foregoing members so as to
transversely define the keel-compartments;
hold-floor plates closing over the tops of said
vertical web-plates; superposed keelson-bulk-
heads transversely defining the central com-
partments; and a bottom- sheathmg, subqtan-
tially as descrlbed |

19. Combined in a hull structure, a floor- |

rib, comprising vertical {loor-rib plabes bot-
tom- sheathing attached to the bottom of said
floor-rib plates : and hold-floor plates attached
to the tops of said floor-rib plates, in such
manner that said sheathing-plates and hold-

floor plates become, respectively, the flange-
plates to said floor-rib plates, integrating the

same 80 as torender the structure sectionally
equivalent to a box-girder of similar depth
and parts, substantmlly as described.

20. Combined in a hull structure, paired
vertical floor-rib plates; bottom-sheabhmg,
calk -angles uniting said floor-rib plates to

said bottom shea,_thm -longitudinal keelsons;
calking-plates; keel’son-an-gles uniting said
keelsons to said calking-plates; and rib-an- |
oles uniting said keelsons and said floor-rib

plates to each other and to said keelson-an-
gles, substantially as described.

21. In a hull structure, a keelson compris-
ing a central web-plate, combined with a calk-
me'-plate secured to the said web-plate, and
sheathing secured to said calking pla,te %ub-
stantla,lly as deseribed.

22. In a hull structure, a keelson compris-
ing acentral web-plate, combmed with a calk-
mﬂ'-plate secured perpendicularly to the bot-
tom of said web-plate; bottom-sheathing se-
cured tosald ealkmw-plate hold-floor plates,
means for attaching said web- plate to said
calking-plate, and means for attaching said

hold-floor plates to said web-plate, su bsta,n-

6o
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tially as described.
23. In a hull structure, a keelson compris-

ing a vertical, central web-plate, combined

Wlth a lonﬂ'ltudmally continuous calking-
plate; keelson-angles secured tosaid ca,lklnﬂ*-
plate; hold-floor plates floor-angles for se-
curing said hold - floor plates to said web- |
plates, a ﬂ001 -r1b mtelsected by 8

.

plate; and rib-angles uniting said floor-rib to
said web-plate, substantially as deseribed. .
24. In a hull structure, a floor-rib; a deck-

beam;. and a gussetinterjectionally combined
therewith to form an angular juncture, sub-

stantially as described. -

25. In a hull structure, duplex floor-ribs;
duplex deck-beams; and flanged duplex gus-
sets; combined interjectionally to form an-
ﬂ"ul&l Jlll](ﬂtllf‘@b therewitl, substantlally as
described.

26. Combinedinahullstructure, ﬂom-mbs |
deck- heams; gussets 1nter;|eet10nally joining
said floor-ribs and deck-beams; and water-

line armor-plates overlying the gussets at the

Jjunctares, substantially as described.

27. Combinedinahullstructure, floor-ribs;

deck-beams; gussets mter,]eetlonally joining
said floor - ribs and deck - beams; backing-

plates;overlying water-linearmor- plates, and
rivet eonneetions, substantially as described.

28. Combinedina hullstructure, floor-ribs;

deck-beams; means for directly and interjec-
tionally connecting said floor-ribs and deck-
beams; and water- dine armor-plates over]y
ing the junctures, substantially as described.

'99. Combinedin a hullstructure, floor-ribs;
deck-beams; angular gussets fordirectly and
interjectionally connecting said floor - ribs
and deck-beams; and water-linearmor-plates

o
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overlying their junctures, substantmlly as

| descrlbed

20, Oombmed inahull btructure hold ﬂ001

100

plates, floor-ribs; gussets attaehed to said

floor-ribs, a longitudinally-continuous back-

ing-plate attached to and uniting said gus-

sets in series; water-line bulkheads attached
to said hold-floor plates and secured trans-
verse]y to and between the webs of said gus-
sets

tially as described.

31. Combinedinahull structure, hold floor
plates; floor-ribs; gussets attached to - said
floor-ribs; a longitudinally-continuous back-

{ ing-plate attached to and uniting sald gus-

sets in series; water-line bulkheads attached
to said hold-floor plates and secured trans-
versely to and between the webs of sald gus-

sets; meansforsecuring sald water-line bulk-

heads to said ba,ekmw-pla,te, and deck-beams
attached to sald frussets snbsta,ntl&lly as de-

| scrlbed

Combinedin ahull struetme, hold- ﬂoor

pla,tes, floor-ribs; gussets, each comprising a

: and means for securing said water- lme‘-
| bulkheads to said backmcr plate, substan-

I05
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vertical web having top and bottom exten-

sion-flanges plane theremth and side flanges
perpendlcula,r thereto; a longitudinally-con-
tinuous backmg-plate attached to said per-

125

pendicular side flanges of said gussets and

unitingsaid gussetsin series; Water-hne bulk-

heads attached tosaid hold-floor plates and se-

cured transversely to and between the verti-

cal webs of said gussets; means for securing
said water-line bulkhead&; to said backing-

130

plate floor-ribs attached to the bottom ex-

sald web- | tension - flanges of smd oussets, and deck-
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~-1n serles; water-line buikheads attached to

bea.ms attached to the top extension-flanges
of said gussets, substantially as desembed

floor-ribs; gussets attached to said
floor-ribs; a longitudinally-continuous back-
ing-plate attached to and uniting said gussets

- sald hold-floor platesand secured transversely
“to and between the webs of said gussets;

10

means for securing said water-line bulkheads
to said backmg-plate deck-beams attached

to said gussets; and water-line armor-plates

15

20

| dnn'ula,rly ovellymﬂ' said backing-plate, sub-
stantially as described.

34. Combinedinahullstructure, floor-ribs;
gussets attached to said flcor-ribs; a longitu-

‘dinally-continuous backing-plate attached to
and uniting said gussetsin series; deck-beams |
attached to sald gussets; bottom-sheathing
attached to said floor-ribs and-said bdckmfr-
plate; water-line armor-plates attached 130’

~-sald backing-plate; and deck-armor attached

‘to said backing-plate and deck-beams; sub-

 stantially as desenbed

25

'35. Combined inahullstructure, ﬂoor—ubq |
cussets attached to said floor-ribs; a lonmbu-'
| .dmally-contmu ous backing-plate dttached to
and uniting said gussetsinseries; deck-beams
- attached to sald frussets ; water-line bulkheads

30

attdched to and between said gussets and to

~ said backing - plate; bottom - sheathmw at-

35

‘tached to said floor-ribs and said ba,ekmcr-
- plate; water-linearmor-platesattached tosmd:
- backing-plate; and deck-armor attached to

sald-backing-plate and deek:-beams Sllet&H- |
| | | -thereof) secured to, supporting and uniting

- tlallv as desecribed.

45
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~minate distance apart as shall render their
combined effect substantially equivalent to-
that of a box-girder of similar depth and

36. Combmedmahullstmetme {loor-ribs;

¥russet3 attached to said floor-ribs; a lonn'ltu-

| 'dmally-contmuous backing- plate attdched to
‘and uniting said gussetsin ser ies; deck-beams

attached 1;0 sald gussets; hold-floor plates at-

tached tosaid ﬂom -Tribs; watel -line bulkheads
secured to said hold- ﬂoor plates, and attached
‘to and between said gussets and to said back-
ing-plate; bottom-sheathmfr attached to said
floor-ribs and to said. ba,ckmrr-plate water- |
-line armor- pla,tes dttached to said backmﬂ'-_'

plate; and deck-armor attached to said back-
- ing-plate and deck- beams, substantially as

described.

37. In a hull structure, a dec,k beam con-.-
sisting of duplex parallel bulb angles in elose
proximity to each other, with their bulbs fac-
-ingreversely; combmed with deck-sheathing;

and means for attaehmfr sald- deck-heam to
said sheathing, substantlally as described.

- 38. In a hull structure, a deck-beam con-:
.sisting of duplex parallel bulb- angles having
their bulbs facing reversely (a,ddpted to be

attached to the deck- sheathing at such deter-

N -Welﬂ'ht), combmed with deck-sheathing and

‘means for attaching said deck-beam to said
.sheathmg, substdntlally as described.

. 38. Combmedmahull structure, hold-floor
plates;

pmsmﬂf duplex side chmlnels and top and bdt- "

tom plates uniting said channels: eombmed

with supported oveﬂ} ing deck- beams sub-'

stantially as described.

40. Combined in a hull structure, a deck-.

stringer comprising duplexside channels, and
bottom and top pla,tes* means for attaching
said bottom plates to the flanges of said ehan-
nels; means for attaching szud top plates to

75

the flanges of said channels, and supported

ovellymn‘ deck-beams, substa,ntla,lljy as de-

| seribed.

41. Combined in a hullstructure,supported
deck-beams, and deck-stringers, e.:u,h consist-
ing of duplex vertical side ehannels sitnated
with their flanges facing reversely; bottom

plates; means for at’naehmﬂ' said bottom plates

to said. channels; top plate% for closing the

3¢

stringers; and means for attaching sald top -

pldtes to sald channels, Substantmlly as de-
scribed.

42. Combined maJhullstrueture,supported '

‘deck-beams and deck- stringers each consist-

ing of duplex vertical side chanuels situated
Wlth their flanges facing reversely; bottom

‘plates; means for _attachin gsald bottom plates
‘to said side channels; top plates for closing

the stringers; means for attaching said top

plates to said side channels; and means for
attaching said stringers to said deck—bea.ms,. o

substantla,lly as deserlbed

90
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43. Combmedmahullconstructlon adeek- o

framing consisting of transverse du ple*{ deck-

‘beams; “and lonmtudmal deck-stringers (run-

100

ning substa,ntla,lly perpendicularly totheaxes.

sald duplex deck- bea,ms in series,. snbstan- |
| 'tlally as described. -
. Combined in a.]mlleonstructmn adeck
qtl u(,ture consisting of transverse duplex
deck-beams; deck- bheathmfr superiorly at-
tached tosaid transverse du plex deck-beams;
and longitudinal deck-stringers mferlmly at-'
tached to and uniting said deck beﬂmq in se-

ries, SllethLlally as descl ibed.
45.- Combined in a hull stlueture deck-—

-sheathing; transverse duplex deck- beams con-
sisting of reversely-facing bulb-angles; and

I-OS
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longitudinal stringers running perpendicu-

.' 'laJrly to the dweetlon of said deck-beams and.

attcxched to and umtmn' the same in series,

substantially as deser 1bed

- 46. Combined in a hull structure,. duplex:

[20

transverse-supported deck- beams; longitudi-
nal deck-stringers uniting said deck: beams;
and vertical columm unlted to said string-

ors- and deck -

seribed.
 47. Combined in a hull strueture, an in-
‘wardly-inclined side keelson; columns rest-

ing axially upon the top of sald keelson; deck-

bea,ms, substantlally as de-"

125'

stunﬂ'els supported by said columns, and

deck- beamq supported in series by said deck-

stringers, substa,ntmlly as described.

130

48, Combined in a hull strueture, an 111:--.; B

- 39, In ahull struetule adeck-str mﬂ*ef com- i ing upon the top of the keelson and attached

'_ wardly inclined side keelson; columns rest-
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axially thereat to the same; deck-stringers
supported by and within the capitals of said
columns; means for uniting said deck-string-
ers to the capitals of said columns; meansfor
uniting said deck-stringers to the deck-beams
in series; and means for securing said capi-

tals to the deck-beams, substa,ntmlly as de- |

scribed.

49. Combined in a hull structure, a sup-
porting-column (consisting of channels lon-
gitudinally united by an I-beam); butt-angles
united to the tops of said channels; side an-
gles attached to the flanges of said channels;
a deck-stringer inclosed between said side an-
gles and attached to said butt-angles; and
cap- -angles superiorly attached to said deel{-
Strmn'er substantially as deseribed.

50. Combined in a hull structure, deck-
beams; supporting-columns; butt- anﬂ'les at-

_tached to the tops of said columns; aud side

angles attached to the upper end sides of said
columns to form the capitals thereof; a deck-
stringer inclosed within said side a,nﬂ‘les and
attaehed to said butt-angles; cap—anwles Stl-
periorly attached to and uniting said stringer
to the deck-beams; and means for attaching
sald side angles to said deck-beams, substan-

~ tially as descubed

30

33
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51. Combined in a hull structure, bottom
sheathing; a lon rrltudma,lly-contmuous calk-
ing-plate attached thereto; a keelson supe-
rmr]v attached tosald calking-plate; support-

ing-columns superiorly attached to said keel-

son; deck -stringers supported by and at-
tached to said supporting-columns; deck-
beams supported by and attached to said
stringers; and deck -sheathing attached to
sald deck-beams, substantially as described.

52. Combined in a hull structure, floor-ribs;
keelsons longitudinally 1ntersectmg said
floor-ribs; and deck-supportmﬂ' columns su-
periorly attached to said floor-ribs and keel-
sons at their intersections, sub%antlally as
described.

53. Combined 1in a hull structure, a floor-

rib (consisting of paired axially-vertical floor--

rib plates); bottom-sheathing closing under
the bottoms, and hold-floor plates closmn' over
the tops of said floor-rib plates; and means
for securing said floor-rib plates to the hold-
floor and to the bottom-sheathing, substan-

- tially as described.

30

54. Combined in a hull structure, a rib and.

bottom construction comprising a floor-rib
(composed cf duplex vertical floor-rib plates,
bottom-sheathing securedly closing under the
bottoms, and hold-floor plates securedly clos-
ing over the tops of said floor-rib plates); a

side keelson longitudinally 1ntersectmg sald
floor-rib plates; and means for securing said

floor-rib plates to said side keelson, bIﬁlet&n-
tially as described. |
55. Combined in a hull structure, a keel;
side bulkheads attached to said keel; web-
plates and side keelsons laterally attached to
and interrupting said side bulkheads; trans-

1L

terrupted by said side keelsons; sister keel-
sons inwardly attached to and interrupting

sald floor-ribs; floor-ribs outwardly attached

to and interrupted by said sister keelsons;
stringer-keelsons inwardly attached to and
interrupting said floor-ribs;

stringer-keelsons; and water-line bulkhead-
plates outwardly attached to and closing over
and between the beam ends of said ﬂoor-rlbs
substantially as descrlbed

56. Combined in a hull struecture, a keel
proper having port and starboard keel-bulk-

floor-ribs out-
wardly attached to and interrupted by said

7¢C
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heads united in series thereupon;a web-keel- |

son attached perpendicularly to said keel

‘proper; a flange-keelson attached horizon-

tally upon said web-keelson ; superposed bulk-

‘heads attached upon said flange-keelson and
united in series vertically plane with said

keel- bulkheads; side bulkheads vertically

plane with said superposed bulkheads; and
floor-ribs whose axesare vertically pla,ne with

said side bulkheads; the construction being
suach that compartments are formed within

QC

the skin adjacenttosaid side bulkheads, sub-

stantially as described.

57. Combined in a hull strucmue a central |

keel proper, having port and smrboard keel-

bulkheads united in series thereupon; a web-
keelson attached perpendicularly tosaid keel;

05

a Hange-keelson attached horizontally uPon' |
sald Web keelson; superposed bulkheads at-

tached upon said flan ge-keelson and united in

series vertically plan’e with said keel-bulk-

heads; web-plates laterally attached to and
closmn' sald keel-bulkheads and superposed

100

bulkhea,ds and hold-floor plates closing over

the tops of said superposed bulkheads and
web-plates, substantially as deseribed.
58. Combined in a hull structure, a central

105

keel proper, having port and starboard keel-
bulkheads united in series thereupon; a web-

keelson attached perpendicularly to smd keel;

a flange-keelson attached horizontally upon'

said web-keelson; superposed bulkheads at-
tached upon said flange-keelson and united in

series vertically plane with said keel-bulk-

heads; web-plates laterally attached to and

closing said keel-bulkheads and superposed

bulkheads hold-floor plates closing over the
tops of said superposed bulkheads and web-

IIO
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plates; side bulkheads vertically plane with

sald superposed bulkheads; and “floor-ribs,

whose axesliein thesame vertleal plane there-

120

with, attached adjacently to said side bulk-

| heads substa,nt:la,lly as described.
59. Comblned 1n a hull structure, a central -

keel proper, having g port and starboard keel-

bulkheads united in series thereupon; a web- .

keelson attached perpendicularly tosaid keel;
a flange-keelson attached horizontally upon

125

sald Web-keelson superposed bulkheads at- '

tached upon s

said flange-keelson and united
in series vertically plane with said keel-bulk-
heads; web-plates laterally attached to and
‘closing said keel-bulkheads and superposed

130

verse floor-ribs outwmd]y attached to and in- | bulkheads, hold- ﬂoor plates closmﬂ' over the' o
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. tops of said superposed bulkheads and web- | Wardly and inwardly inclined sed- decks; and 3

5

said superposed bulkheads;

plates; side bulkheads vertically plane with
floor - ribs at-
tached adjacently tosaid side bulkheads, hav-
ing axesin the same vertical plane therewith;
hold-fioor plates attached to and closing over

~ thetops of said bulkheads and floor-ribs; and

- botiom -sheathing attached to and closing

10

I5

over the bottoms of said side bulkheads and
floor-ribs, substantially as deseribed.

60. Combined in a hull structure, a eenbra,l
keel proper, having g port and starboard keel-

bulkheads united in series thereupon; a web-

keelson attached perpendicularly tosaid keel;
‘a flange-keelson attached horizontally upon
said web-keelson; superposed bulkheads at-

- tached upon said flange-keelson, and united

in series vertically plane with said keel-bulk-

- heads; longitudinal web-plates. laterally at-

20
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tached to and closing said keel-bulkheadsand
superposed bulkheads; side bulkheads verti-

cally plane with said superposed bualkheads;

side keelsons laterally attached to and clos-

ing 8aid side bulkheads; floor-ribsinterrupted

by and laterally attached to said side keel-
- sons; hold-floor platesattached to and closing
- -over the tops of said superposed bulkheads,
side bulkheads, side keelsons and floor-ribs;
and bottom-sheathing covering the keeland

attached to and closing under the bottoms of

- said side bulkheads, side keelsons and floor-
ribs, substantially as described.

61. Combiued in a hull structure, an up

wardly and outwardly inclined bottom; up- |

| aloun' its beam edges to

means, including backing-plates and water-
line armor-plates of su perﬁcml parabolic con-
tour, for continuously attaching said bottom
said SGa-deck, sub-
stantlally as-set f01 th. |
62. Combined in a hull structure, a bottom_
inelining upwardly and outwardly in either
direction from the keel; sea-decks inclining
upwardly and inwardly from the beam edges
of said bottom; and means, including back-
ing-plates and water line armor- pla,tes of su-
perficial parabolic contour, for attaching said
bottom and sea-decks to each other without
the intervention of sides or freeboards, sub-
stantially as set forth. | 5
63. Combined in a hull structur e, a bottom
inclining upwardly and ontwardly in either
direction from the keel; sea-decks inclining
upwardly and inwardly from the beam edges
of said bottom; a central deck intermediately
attached to and between said sea-decks; and -
means, including backing-plates and water-
linearmor-plates of superficial parabolic con-.

tour, for attaching said bottom and sea-decks
to each other without theintervention of sides 6
or freeboards, substantially as set forth.

In testimony whereof I hereunto set my
hand. '

CHARLES II. HOWLAND-SHERMAN.

Wltnesses
KEDWIN S. CLARKSON
H. E. MANNING.
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