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14 Claims. (CI. 114-65) 

This invention relates to vessels, eitherself 
propelled or towed, and to methods of making 
them. More specifically, it relates to such' ves 
sels composed of concrete and steel and to meth 
ods of constructing and assembling them. 

ihe invention has for its objects, among others, 
to provide an economical method of construct 
ing reinforced concrete vessels. It makes possible 
the working of the steel at higher unit stresses, 
which in turn reduces the required amount of 
steel, and provides a method of forming and cast 
ing the concrete which is more economical than 
the usual methods. As is well known in the art 
of making reinforced concrete, the concrete sur 
rounding the steel shrinks while it is "setting, 
which shrinkage places the steel under compres 
Sion. In consequence, before the steel can take 
its tension load the concrete is subjected to a 
tension force caused by its bond with the steel. 
This results in limiting the working stress to not 
more than 12,000-15,000-pounds per square inch, 
and sometimes less...If greater stresses are used 
there is danger of disrupting the concrete--to a 
degree that permits water and air to disintegrate 
the steel. 
As against this, if the steel is put in tension 

and is released to -a degree that will continually 
keep the concrete-in-compression and hold: the 
compression after the concrete:is set, the two 
materials work together in a manner, that per 
mits the steel to be loaded to its full-safe-working 
tension without any disruptive action on the con 
crete. This makes it possible to Work the Steel 
to materially higher unit stresses., and thereby 
save in quantity of steel-used. 
Furthermore, by...making the vessel structure 

in sections so that they can be poured in Vertical 
forms which can be used without complete dis 
mantling and in which the reinforcing steel can 
be stressed before the concrete is poured, it is 
possible to save. Substantially in material, labor 
and time. Other objects and advantages Will ap 
pear as the disclosure proceeds. 

Referring to the drawings which illustrate, to 
Some extent diagrammatically, what WenOW Con 
sider to be a preferred form of the invention. 

Fig. 1 is an elevation, partly broken away, of a 
ship constructed in accordance. With ouri inven tion; 

Fig. 2 is a pian view, partly broken away, of 
the ship shown in Fig. 1; 

Fig. 3 is a sectional elevation, taken on the 
line 3-3 of Fig. 4, showing one of the internedi 
ate or waist sections of the ship in cross-section 
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and showing a part of the apparatus employed 
in assembling a number of such sections; 
Fig. 4 is: an elevation, partly broken away; of 

one form of apparatus employed in practicing the invention; 
- Fig.: 5 is a detail view, partly in-section, of 

apparatus for taking up slack and for a purpose hereinafter appearing; 
3 Fig. 6...isia: section-taken on the line 6-6 of 

Fig. 5; - 
: Fig. 7 is a longitudinal section taken on the 
broken line 7-7 of Fig. 3; 
...Fig. 8 is an enlarged detail longitudinal section 
showing a part of a joint and bulkhead or parti 
tion between-adjacenti'sections shown in Fig. 7. 
It is well: known...that, a ship at sea is often 

subjected to Severestresses. . It is at times sup 
ported by a wave at the mid-section of its waist, 
similar to a beam supported at its middle, and 
alternately, by a wave at or near the bow and a 
wave at or near the stern. It must be designed 
and constructed to withstand the consequent severe strains without developing ofjectionable 

forced concrete is to cast the concrete in longitudinally continuous pourings, but this is a 
difficult, complicated, expensive and otherwise 
objectionable procedure. The use of precast sec 
tions provides a cheaperimethod of manufacture, 
but it has been, heretofore, difficult, if not impos 
sible, to provide a joint between the sections that is leak-proof and otherwise satisfactory. 
According to our invention, the ship is com 

posed of a bow section 0, a sternsection 12; and 
a plurality of waist sections f4 between the bow 
and stern sections. In the drawings the ship propulsion apparatus and other necessary ima 
chinery-are located in the stern section f2, and 
the usual auxiliary... apparatus is located in the 
bow section to;2 and the intermediate or waist sections 4 primarily constitute the cargo carry 
ing space. Each of the sections (4 is composed 
of concrete, reinforced with steel; the longitudi 
inally extending reinforcing röds or membersbe 

By "pre-stressed” we mean that. 
the steel has been placed intension prior:topour 
ing pre-stressed...: 

ing of the concretes and maintained under such 
tension during pourings and until the: concrete 
is able to take compression. The applied tension 
is such (when released) is as to place the set con 
crete in substantial, crack-preventing, longitudi 
nal compression. The reinforced "concrete bow 
(?o), and stern (f2): sections may be constructed 
in the common or usual-way or the steel of either 

roved methods of building ships 

  



2 
or both of them may also be pre-stressed. After 
individual sections have been constructed they 
are assembled and joined by Welding or otherwise 
firmly fastening together the reinforcing longi 
tudinal rods so that such joints as need to be pre 
stressed can be So built. 
Each of the waist or intermediate sections 4 

may be shaped in cross-section as shown in Fig. 
3. The two cylindrical portions are substantially 
tangent to each other and integrally connected 
at their point or zone of tangency 8. The cy 

0. 

lindrical portions 6 are also integrally connected . . . 
with upper and lower arches 20, 20. As stated, 
the material 6-8-20 is concrete Suitably re inforced transversely and longitudinally. Rein 
forcing members are not shown in Fig. 3 but 
longitudinal reinforcing members are shown in 
others of the drawings. It is. With the longitu 
dinally (fore to aft) extending reinforcing mem 
bers that we are chiefly concerned and We shall 
confine our disclosure to them. 
Each of the sections 4 has a plurality of pre 

stressed reinforcing rods 22 (see Figs, 5 and 8). 
Each rod 22 extends preferably continuously 
longitudinally through the Wall of its particular 
section 4 and extends beyond the latter at each 
end. Each rod is shown screw-threaded at its opposite ends for a purpose presently appearing. 

After the various sections. 4 are constructed, 
they are assembled, connected and joined by the 
means and according to the method now to be de 
scribed. The sections f4 are mounted on planks or skids 
24 which, in turn, are supported on a concrete 
bed or base 26 (Figs. 3 and 4). A plurality of 
gantries 28 are provided for Supporting a plu 
rality (in the present case, two) longitudinal cyl 
inders 29 which act as compression members to 
transmit the load from two hydraulic rams 30 
which react, against the top of abutment 36. 
Similar hydraulic rams 32, 32 are provided be 
tween abutment 36 and bed 26. The bases of 
the ram cylinders abut or seat against the bed 
26 which in turn, at the left hand end bears 
against a stiff (almost non-deflectable) abut 
ment 34 of reinforced concrete. The pluingers 
of each ram engage a similar abutment 36 that 
is bodily movable longitudinally; i. e., toward 
and away from the abutment 34. Each abut 
ment 36, 36 has projecting steel rods 38 Which 
are firmly embedded in the abutment and are 
the same in number as those in each section 4 
and which are similarly located so as to be reg 
istrable therewith. Each rod 38 is Screw-thread 
ed at its projecting end. In assembling the sections A, the procedure 
is as follows. A yoke 40 (see FigS. 5 and 6) is 
slipped over the end of each rod 38 of the abut 
ment, 36 and a nut 42 is then Screwed onto the 
end of each of those rods. A yoke 49 is slipped 
over the end of each rod 22 that projects toward 
the left from each of the sections 4, and a nut 
42 is screwed onto the ends of each of those rods. 
The rods 38, 22, 38, are aligned so as to be in 
longitudinal registration. The yokes 40 are 
moved to the left on the rods which carry them, 
onto the adjacent rods 22 of the adjacent Sec 
tions f4 or the rods 38 of the abutment 34. A nut 
42 is screwed onto the end of each of the rods 
38 of the abutment 34 and onto the end of each 
of the rods 22 which project to the right (Fig. 
4) from the sections 4. Each of the nuts is 
constructed, as by knurling the periphery, So as 
to be turned by a suitable Wrench or other tool. 
The nuts 42 are turned to take up all slack 
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2,344,223 
and so that the tension exerted upon the various 
longitudinally extending series of rods 22 shall 
be uniform when the abutment 36 is moved lon 
gitudinally, i. e., away from the abutment 34. 
Liquid under pressure is then supplied to the 
rams 30, 32 to apply uniform tension to the pro 
jecting ends of all of the rods 22 and to the 
yokes 49. The tension may be substantially the 
Same as that previously applied to the rods 22 

. When casting each section 4, and so as to place 
the projecting ends of the rods 22 and the yokes 
40 under a considerable tension, but below the 
elastic limit of the steel composing the rods 22 
and yokes 40. This tension is now maintained 
On the system during the completion of the joints 
between the sections 4. 
completed as follows. 

Using Suitable forms, concrete is poured be 
tween the end Surfaces of the adjacent sections 
f4. Preferably, a pre-cast suitably reinforced 
Concrete transverse partition or bulkhead 50 is 
placed in position (see Figs. 7 and 8) at each 
joint before the joint is poured. After the con 
Crete poured to complete the joints between the 
Sections 4 has set, the tension is released by re 
lieving the pressure of the liquid in the rams 30, 
32. The joints between the sections 4 are now 
Complete and appear as shown in Figs. 7 and 8. 
Each of Such joints, by virtue of the pre-stressed 
longitudinally extending ends of the rods 22 and 
yokes 40, is tight, substantially leak-proof, and 
comparatively light and not bulky. The parti 
tions or bulkheads 50 aid materially in strength 
ening the structure. The joint forms are removed through suitable 
hatch openings (not shown). 
Each joint connecting the sections 4 has, in 

the Space between cylinders 6 and arches 20, 
Openings 52 to provide access from section to sec 
tion after completion of the ship. 

After the Sections f4 have been joined as de 
Scribed above, the yokes 40 are disconnected 
from the rods 38 and the abutments 34 and 36 
are moved Out of the way so that the bow (O) 
and Stern (2) sections may now be joined to 
the Opposite ends of the completed waist 4, 4. 
This may be accomplished in a manner similar 
to that described above except that (at least 
in Some cases) pre-stressing of the rods and 
their yokes 40 in the bow and stern joints may 
not be required since those joints are not sub 
jected to the enormous stresses which the joints 
between Sections 4 of the waist of the ship en 
COunter. A completed ship appears as shown in Figs. 1 
and 2. While the invention is not limited to 
the number and dimensions of the particular 
Sections employed, we give the following as one 
example. For a ship having an overall length 
of about 280 feet with a thirty-five foot beam, 
the bow Section 0 would be fifty feet long, each 
of the Waist or intermediate sections 4 would 
be twenty-five feet long, there being seven of 
Such Sections 4, and the stern section f2 would 
be fifty feet long. The size and distribution of 
the longitudinal reinforcing steel rods 22, and 
their corresponding yokes 49, in the cylindrical 
Walls 6, 6, and in the arches 20, 20 (Fig. 3) 
Will depend upon the size and class of ship de 
sired. In the particular ship illustrated, each sec 
tion (see Fig. 3) embodies two substantially 
cylindrical members joined as above described. 
The invention however is not limited to the use of 
two such cylinders. For example, in some vessels 

Each such joint is then 
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it may be desirable to use three of such cylin 
iders side-by-side and suitably connected. The 
invention may also be applied to other shapes of 
Ships. 
The invention has been shown and described : 

a.S.-applied to a Ship, i.e., a self-propelled vessel. 
It is applicable, however, to barges or other 
VeSSeis Which are not self-propelled, but ; are 
tOWed. . It is therefore to be understood that 
the word “vessel,' used in the appended claims, 
is meant to include vessels, whether they be of 
the Self-propelled or towed type. 

In accordance with the provisions of the pat 
ent statutes, we have herein described the prin 
ciple of Cperation of our invention, together with 
the apparatus which we now consider to repre 
sent the best embodiments thereof, but we de 
sire to have it understood that the apparatus 
disclosed is only illustrative and that the inven 
tion can be carried out by other means. Also, 
While it is designed to use the various features 
and elements in the combinations and relations 
described, Some of these may be altered and 
others omitted, without interfering with the 
more general results outlined, and the invention 
extends to such use Within the scope of the ap 
pended claims. 
What we claim is: 
1. A reinforced concrete vessel including, in 

combination, a bOW Section, a stern section, and 
a plurality of pre-cast waist sections interme 
diate said bow and stern sections, reinforced 
conci'ete joints connecting the bow and stern 
sections to their adjacent waist sections, and 
reinforced concrete joints connecting the waist 
sections, the reinforcement of said last men 
tioned joints including longitudinally extending 
pre-stiressed steel members. 

2. in a reinforced concrete vessel, in combina 
tion a plurality of pre-cast reinforced concrete 
Waist sections having longitudinally extending 
steel reinforcing members extending through 
them and projecting from the Opposite ends, the 
ends of the members of each Section being con 
nected to the ends of the members of an adja 
cent section, and concrete embedding the mem 
bei's between sections, the steel between adjacent 
sections being pre-stressed. 

3. A reinforced concrete vessel including, in 
combination, a pre-cast bOW Section, a pre-cast 
stern section, a plurality of pre-cast Waist Sec 
tions internaediate said bow and stern sections, 
and a plurality of connected steel reinforcing 
members extending from the bow section to the 
stern section and pre-stressed between adjacent 
waist sections. 

4. The method of constructing a reinforced 
concrete vessel, which method includes, in com 
bination, pre-casting a plurailty of waist Sec 
tions each having longitudinally extending pre 
stressed steel reinforcing members projecting 
from the opposite ends thereof, joining the ends 
of the members of One section to the ends of the 
members of an adjacent section, applying ten 
sion to the steel reinforcing members between 
adjacent secticns, completing the joints between 
sections by covering the exposed members With 
concrete, and maintaining the applied tension 
until the concrete between sections has Set. 

5. A reinforced concrete vessel including, in 
combination, a bow section, a stern section, and 
a plurality of pre-cast Waist sections intermedi 
aie said bow and stern sections, each of Said 
waist; sections having pre-stressed longitudinal 
reinforcing members, reinforced concrete joints 
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3 
connecting the bow and stern sections to their 
adjacent waist sections, and reinforced concrete 
joints connecting the waist sections, the rein 
forcement of Said last mentioned joints including 
Igitudinally extending pre-stressed-steel mem 
e.S. 

6. In a reinforced concrete vessel, in combina 
tion, a plurality of pre-cast reinforced concrete 
Waist Sections having longitudinally extending 
steel reinforcing members, means Connecting the 
ends of the members of each section to the ends 
of the members of an adjacent section, and con 
Crete embedding the members between Sections, 
the steel between adjacent sections being pre 
StreSSed. 

7. A reinforced concrete vessel including, in 
combination, a pre-cast bow Section, a pre-cast 
stern Section, a plurality of pre-cast waist sec 
tions intermediate said bow and stern Sections, 
each of Said waist sections having pre-stressed 
longitudinal reinforcing members, and a plural 
ity of connected steel reinforcing members ex 
tending from the bow section to the stern sec 
tion and pre-stressed between adjacent waist sec 
tions. 

8. The method of constructing a reinforced 
concrete vessel, which method includes, in com 
bination, pre-casting a plurality of waist sections 
each having longitudinally extending steel rein 
forcing members, joining the ends of the mem 
bers of one Section to the ends of the members 
of an adjacent section, applying tension to the 
steel reinforcing members between adjacent sec 
tions, completing the joints between sections by 
Covering the exposed members with concrete, and 
maintaining the applied tension until the con 
Crete between sections has set. 

9. A reinforced concrete vessel including, in 
combination, a pre-cast bow Section, a pre-cast 
Stern Section, and a plurality of pre-cast waist 
Sections intermediate said bow and stern sec 
tions, the total length of said waist sections being 
greater than the sum of the lengths of the bow 
and Stern Sections, reinforced concrete joints con 
necting the bow and stern sections to their ad 
jacent Waist sections, and reinforced concrete 
joints connecting the waist sections, the rein 
forcement of said last mentioned joints including 

studinally extending pre-stressed steel mem 
e.S. 

10. In a reinforced concrete vessel, in combi 
nation, a plurality of pre-cast reinforced con 
Crete Waist Sections having longitudinally extend 
ing pre-stressed steel reinforcing members, means 
Connecting the ends of the members of each sec 
tion to the ends of the members of an adjacent 
Section, and concrete embedding the members 
between Sections, the steel between adjacent sec 
tions being pre-stressed. 

11. A reinforced concrete vessel including, in 
combination, a pre-cast bow section, a pre-cast 
Stern Section, a plurality of tubular pre-cast waist 
Sections intermediate said bow and stern sec 
tions, and a plurality of connected steel rein 
forcing members extending from the bow sec 
tion to the stern section and pre-stressed between 
the ends of adjacent waist sections. 

12. The method of constructing a reinforced 
concrete vessel, which method includes, in com 
bination, pre-casting a plurality of waist sections 
each having longitudinally extending pre-stressed 
Steel reinforcing members, joining the ends of 
the members of One section to the ends of the 
members of an adjacent section, applying ten 
Sion to the steel reinforcing members between 



4. 
adjacent sections, completing the joints between 
Sections by covering the exposed members with 
concrete, and maintaining the applied tension 
until the concrete between sections has set. 

13. A reinforced concrete vessel including, in 
combination, a bow Section, a stern Section, a 
plurality of pre-cast reinforced concrete Waist 
sections having longitudinally extending steel re 
inforcing members, and reinforced concrete joints 
connecting the waist sections, the reinforcement 10 
of said last mentioned joints including longitudi 
nally extending steel members in a state of ten 
sion, and the concrete in said joints being in a 
state of compression. 
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14. The method of Constructing a reinforced 

concrete vessel, which method includes, in Com 
bination, pre-casting a plurality of Waist Sec 
tions each having longitudinally extending pre 
stressed steel reinforcing members, joining the 
ends of the members of One Section to the ends 
of the members of an adjacent section, and ap 
plying tension to the steel reinforcing members 
between adjacent sections while completing the 
joints between sections by covering the exposed 
members With ConCrete. 

MAXWELL, MI. UPSON. 
JOHN N. PHILBROOK. 


