
Jan. 14, 1969 KAZUYOSH YAMADA ET AL- 3,421,469 
WATERTIGHT SEAL ASSEMBLY 

Filed Feb. 14, 1968 Sheet / of 2 

F.G. 

y J/RO Dol 

her. (inv 
44frve 

  



Jan. 14, 1969 KAZUYOSH YAMADA ETAL 3,421,469 
WATERTIGHT SEAL ASSEMBLY 

Filed Feb. 4, 1968 Sheet 2 of 2 

St. 4-4.cers 
1. 

F. G8 FIG.9 FIG. O. 

INVENTOR. KAZuyoshi WAAAA 
WURO DOl 

"eted in 
44-4-val, 

  

  





3,421,469 3 
invention are pointed out with particularity in the claims 
annexed to and forming a part of this specification. For 
a better understanding of the invention, its operating ad 
vantages and specific objects attained by its use, reference 
should be had to the accompanying drawings and de 
scriptive matter in which there are illustrated and de 
scribed preferred embodiments of the invention. 

In the drawings: 
FIG. 1 is a schematic side vew of the hull of the ship 

showing a seal assembly according to the present invention 
secured to the exterior of the hull; 

FIG. 2 is a partial sectional view taken along line 
II-II as shown in FIG. 1; 

FIG. 3 is a partial sectional view taken along line 
III-III in FIG. 2; 

FIG. 4 is a horizontal sectional view through the seal 
assembly secured to the hull of a ship in which separate 
portions of the hull are arranged to be welded together; 
FIG. 5 is a partial sectional view taken along line 

V-V as shown in FIG. 4; 
FIG. 6 is a horizontal sectional view similar to the 

one shown in FIG. 4, however, with the hull of the ship 
arranged to be cut into separate sections; 
FIG. 7 is a partial sectional view taken along line 

VII-VII in FIG. 6; 
FIG. 8 is a partial elevational view of a sealing mem 

ber employed between individual wall sections of seal assembly; 
FIG. 9 is a side view of the sealing member shown in 

FIG. 8; and 
FIG. 10 is a partial perspective view of the flanged 

end of one of the wall members of the seal assembly. 
Description of the invention 

Referring to the drawings, a seal assembly 7 is shown 
in FIG. 1 secured to the exterior surface of the hull of 
a ship A. For the most part the seal assembly 7 is dis 
posed below the water level (W.L.) and extends about 
the exterior of the hull in a transverse plane along which 
the hull is to be cut into separate parts, or if it is in 
separate parts, in which it is to be joined into a single 
unit. In the various drawings the reference numerals em 
ployed for the various parts of the seal assembly are the 
same, however, certain parts of the support arrangement 
for the seal assembly differs depending upon whether it 
is being used to cut or to weld the hull structure and 
different reference numerals are employed for these parts. 

In FIG. 3 a cofferdam S is formed with the hull A 
between a pair of spaced bulkheads 3 and 4 secured re 
spectively to the separate parts 1 and 2 of the hull A. 
Additionally, the shell plates 6 of the hull form the sides 
of the cofferdam 5 and the space between the separate 
parts 1 and 2 is sealed below the water level by means 
of the seal assembly 7. 
The ends of the seal assembly 7 are located above the 

water level and the remainder of its structure extends 
downwardly about the hull A below the water level. The 
seal assembly 7 is comprised of a plurality of wall mem 
bers 8 which are in contact along their longitudinal edges 
with the exterior shell plates 6 of the hull. Each of the 
wall members 8 has a form adapted to conform to the 
exterior shape of the hull and in transverse section the wall 
members have a U-shaped configuration. In assembled 
position on the exterior of the hull A each of the wall 
members 8 is formed of a web 8a spaced outwardly from 
the surface of the hull and a pair of spaced legs 8b 
which extend from the opposite longitudinal edges of 
the web 8a toward the exterior shell plates 6 of the hull 
A. An outwardly extending flange 9 is located on the 
outer surface of each of the wall members, see FIG. 10. 
The interior of the wall members are provided with trans 
verse reinforcing sections 10 which contact the interior 
surface of the wall members extending between the oppo 
sitely disposed legs 8b. Channel shaped longitudinal rein 
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the wall members and extend inwardly from both the web 
8a and the legs 8b. 

Channel shaped members 13 extend along the outer 
ends of the legs 8b of the wall members and provide a 
groove or trough like holder for sealing members 12. 
Further, sealing members 14 made of rubber or a similar 
material are positioned at the joints between adjacent wall 
members 8 to afford a watertight connection. As can be 
seen in FIGS. 8 and 9 the sealing member 14 has a shape 
similar to that of the flanges 9, and at each end the Sealing 
member 14 has a right angle section 14a containing a 
groove 16 similar to the trough-like member 13 in the 
wall member for receiving the sealing member 12 when 
assembled at the joint between adjacent wall members 8. 
As shown in FIGS. 8 to 10, the sealing member 14 and 
the flanges 9 are provided with similar holes through 
which bolts 17 are fitted for securing the sealing member 
14 and adjacent wall members 8 together. The sealing 
member 14 provides a water tight seal for the joint be 
tween adjacent wall members 8 and also affords a flexible 
connection which will permit the assembly to adapt to 
the outside surface configuration of the hull A. 

Similar to the sealing member 14 the sealing member 
12 located in the member 13 is made of rubber or the 
like and a longitudinally extending strip 18 is super 
imposed on the sealing member 12 for direct contact with 
the exterior surface of the shell plates 6 of the hull, see 
FIGS. 4 and 6. The superimposed strip 18 is made of 
porous elastic material such as sponge and is employed to 
increase the water tightness of the joint between the 
longitudinal edges of the wall members 8 and the exterior 
surface of the hull. 

In FIGS. 4 and 5 an arrangement is shown for sup 
porting the wall members 8 when the hull A is formed in 
two separate parts and the shell plates 6 are to be welded 
together. A U-shaped shackle 20 is secured within a slot 
19 located in the longitudinal axis of the seal assembly. 
The bight of the shackle 20 is located within the slot 19 
and faces upwardly with a pin 29 extending between the 
upper ends of the opposite legs of the shackle. The entire 
shackle 20 is located within the wall member 8 and a 
bar member 23 having a hole 22 is fitted onto the pin 
29 and extends upwardly passing through the slot 27 be 
tween the shell plates 6 into the interior of the hull A. 
At its upper end the bar member 23 has a hole 21 in 
which another shackle 24 is secured by means of a pin 
33. A supporting cable 25 is secured to the shackle 24 
and extends upwardly to a connector element 26, such as 
a turnbuckle, attached to an arm 38 mounted on the 
bulkhead 3 of the hull, see FIGS. 2 and 3. In this man 
ner the individual wall members 8 which make up the 
Seal assembly 7 are hung or supported from the interior 
of the hull by means of the shackle 20, the bar member 
23, the shackle 24 and the supporting cable 25 which is 
secured to the connector element 26. As mentioned pre 
viously, in the support arrangement the bar member 23 
extends through the slot 27 provided between the shell 
plates 6 which are beveled, as shown in FIG. 4, in pre 
paration for the welding operation in which the plates 
are joined together. The support arrangement shown in 
FIG. 4, is adapted for the wall members 8 which are 
located on the generally horizontal portion of the hull, a 
similar arrangement is provided for the wall members 8 
which are disposed about the curved or vertical sections 
of the hull in which instances the supporting cable 25 
passes over sheaves or pulleys 28 attached to the bulk 
head 3 for providing the proper support for the individual 
wall members. 
To facilitate the assembly and placement of the seal as 

sembly 7 on the exterior of the hull A a buoyant body 
made of a foam of a synthetic resin, not shown, may be 
fixed to the outer or inner surface of the individual wall 
members. 
The following is a description of the manner in which 

the Seal assembly 7 is employed when two sections 1, 
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2 of a hull are to be welded together to form a single unit. 
First, a number of the wall members 8 are connected 

together using the sealing members 14 and bolts 17 to 
form a longitudinally extending seal assembly 7. The seal 
ing members 12 are positioned within the channel shaped 
members 13 with the strips 18 secured to the sealing mem 
ber 12 by means of an adhesive. Initially, the assembly 7 
is hung by means of a cable 30 secured to its opposite 
ends, the cable 30 is wound on a winch 31 and passes 
over a sheave 32 mounted at the upper section of part 
1 of the hull A. With the seal assembly hung about the 
exterior of part 1 of the hull A, the individual wall mem 
bers 8 are attached to the support arrangement by fitting 
the shackles 20 into the slots 19 in the longitudinal rein 
forcing sections 11. The bar member 23 is secured to the 
shackle 20 and at its other end to the shackle 24 which, 
in turn, is attached to the cable 25. Initially, the seal as 
sembly 7 is held at its ends by the cable 30 and at inter 
mediate points by support arrangement and by adjusting 
the connector elements 26 the seal assembly is lowered a 
short distance outwardly from the part 1 of the hull to 
which it is connected. The other part 2 of the hull is then 
aligned opposite the first part 1 and is temporarily at 
tached to it by means of joining pieces not shown. As the 
part 2 of the hull is brought into position the support 
arrangement for the wall members is situated in the slot 
27 formed between the opposing shell plates 6 which are 
to be joined together. With the two hull parts 1, 2 in 
position the seal assembly 7 is drawn tightly against the 
exterior Surface of the shell plates 6 providing the exterior 
Surface of the shell plates 6 providing a water tight en 
gagement between the strip 18 on the sealing member 12 
and the exterior surface of the shell plates. 

Since this operation is performed in the water the coffer 
dam 5 and the interior of the seal assembly, that is the in 
dividual wall Sections 8, are filled with water which cannot 
escape because of the watertight seal effected between the 
Strips 18 and the shell plates 6 and also because of the 
watertight seal formed between the individual wall sec 
tions by means of the sealing members 14. With the seal 
assembly in position the cofferdam 5 and the interior of 
the seal assembly is pumped out and due to the water 
tight seal effected between the seal assembly and the ex 
terior surface of the hull a dry or dewatered condition is 
effected within the cofferdam and within the compart 
ment formed between the wall members 8 and the exterior 
surface of the hull. In this condition the water pressure 
acting on the exterior of the seal assembly 7 is sufficient 
to hold the seal assembly on the exterior surface of the 
hull and the support arrangement for the individual wall 
sections can now be removed. It can be appreciated that it 
would not be possible to weld the shell plates together of 
the support arrangement is not removed. Therefore, the 
bar member 23 is cut along the line 23a, see FIG. 5, and 
is pivoted about the pin 29 in the shackle 20 so that the 
portion of the bar member connected to the shackle is 
disposed outwardly of the exterior surface of the hull 
within the compartment formed within the wall members 
8. After the individual support arrangements have been 
cut and the joint between the two hull parts 1 and 2 is 
clear of any obstructions, the two parts may be welded to 
gether to form a unitary hull section. As mentioned above, 
the welding operation is performed in the dry, that is, the 
water has been removed from the wall sections 8 and from 
the cofferdam 5 so that the joining steps can be performed 
expeditiously and effectively to afford an effective integral 
seal between the two hull parts. 

After the welding operation has been completed, water 
may be admitted between the wall member and the hull 
which equalizes the water pressure exerted on the exterior 
of the seal member and the seal assembly can be removed 
from the hull without any difficulty by relaxing the tension 
exerted by the cable 30 secured to the ends of the seal as 
sembly. Each of the wall members can be disassembled 
and removed as a unit with the shackles 20 and the cut of 
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6 
portion of the bar section 23. The remainder of the sup 
port assembly is contained within the vessel and is easily 
accessible for removal. 
As indicated previously, the arrangement of the seal as 

Sembly can be employed for either joining separate parts 
of the hull together or for cutting the hull in two. When 
the hull is to be cut into two parts, the support assembly 
shown in FIGS. 6 and 7 is employed. It should be noted 
that the shackle 20 attached to the individual wall members 
8 and the support cable 25 and the shackle 24 shown in 
FIGS. 6 and 7 are of similar construction to the ones 
shown in FIGS. 4 and 5. However, the difference in the 
support arrangement resides in the members which extend 
through the hull for interconnecting the shackles 20, 24. 
To secure the seal assembly to the exterior of the hull 

a plurality of holes 35 must be bored through the shell 
plate 6. Water has a tendency to enter the hull through the 
holes, however, as each hole is completed a supporting rod 
34 is inserted through it and each rod is provided with a 
stuffing box 36 which is securely attached to the interior 
surface of the hull as shown in FIG. 6. With the support 
ing rod 34 extending outwardly beyond the exterior sur 
face of the hull, it is then clamped in place. by means of 
a set screw 15 located immediately above the stuffing box 
36. The upper end of the rod 34 is secured to the shackle 
24 and a nut 37 is threaded onto the lower end of the rod 
by divers. The nut 37 has a plate 37a attached to it which 
contains an opening for securing the rod to the pin 29 of 
the shackle 20. Therefore, in the operation of cutting the 
hull into two separate parts instead of using a bar mem 
ber 23, which extends through the slit formed between the 
two separate sections of the hull a rod 34 is employed 
which extends through a sealed hole formed in the hull. 

In preparing to cut the hull into two separate parts, the 
seal assembly 7 is disposed about the exterior surface of 
the hull approximately in the plane in which the hull is 
to be cut and is supported by means of the cable 30 at 
tached to the winch 31. Next the holes 35 are bored at 
predetermined positions along the plane in which the hull 
is to be cut and as each hole 35 is completed a supporting 
rod 34 is inserted through it so that the attached nut 37 
may protrude to the extent that the pin 29 can be secured 
and a stuffing box 36 is attached to the interior surface of 
the hull to prevent any leakage of water into the hull. With 
all of the supporting rods in position divers can attach 
the nuts 37 to the lower ends of the supporting rods. Next 
the divers attach the individual wall members 8 of the seal 
assembly 7 to the supporting rod 34 by securing the pin 29 
in the shackle 20 through the hole in the plate 37a at 
tached to the nut 37. After all the necessary connections 
exterior of the hull have been made the seal assembly is 
pulled into the watertight relationship with the exterior 
of the hull by means of the cables 25. The water which 
was contained within the seal assembly 7 during the as 
sembly operation on the hull is removed by pumping and 
as with the joining operation a dewatered or dry condition 
obtains within the seal assembly so that the cutting opera 
tion can be performed in the dry. The rod 34 is then re 
moved by unscrewing and is recovered. The stuffing box 
36 is also removed. The cutting operation comes to be per 
formed. After the cutting operation has been completed 
the coffer dam 5, similar to that shown in FIG. 3, can be 
flooded and the seal assembly simply and easily removed 
from the hull. 
As described above the present invention has the fol 

lowing advantages: 
(1) The seal assembly 7 made of individual wall 

members 8 is sufficiently light in weight so that it can 
be easily handled and assembled in position and it is 
sufficiently reinforced to withstand the water pressure to 
which it is exposed during the cutting and joining op 
erations. 

(2) The manner in which the seal assembly is made 
up of individual wall sections joined together with seal 
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ing members 14 provides a flexible unit which easily 
conforms to the exterior configuration of a hull. 

(3) In the event of any damage to the seal assembly 
individual sections can be removed and repaired or re 
placed. The simplicity of the seal assembly 7 and the 
facile manner in which it can be assembled on the exte 
rior of a hull reduces the amount of underwater work 
required of divers in completing the assembly operation. 

(4) The attachment of the seal assembly in water 
tight engagement with the exterior of the hull can be 
easily accomplished from within the hull. 

(5) Though the hull may have a curved configuration 
the flexibility of the seal assembly and the disposition of 
its sealing members along the longitudinal edges of the 
wall members assures a completely watertight assembly. 
What is claimed is: 
1. A watertight seal assembly for use on the exterior 

underwater surface of a floating structure, such as the 
hull of a ship, comprises a plurality of longitudinally 
extending wall members having a generally U-shaped 
transverse section, means for securing adjacent said wall 
members together, a first sealing member disposed at 
each joint between adjacent said wall members for pro 
viding a watertight seal therebetween and combining with 
said means for securing adjacent said wall members to 
gether to form a flexibility assembly of said wall mem 
bers, second sealing members located along the longi 
tudinally extending edges of said wall members, and 
means attached to said wall members and arranged to 
secure the assembly to the exterior surface of a floating 
structure along the longitudinally extending edges of said 
wall members whereby said second sealing members are 
arranged to form a watertight seal with the exterior sur 
face of a floating structure and a compartment is ar 
ranged to be formed between said wall members and the 
oppositely disposed exterior surface of the floating struc 
ture. 

2. A watertight seal assembly as set forth in claim 1, 
wherein said wall members are formed of sheet steel. 

3. A watertight seal assembly as set forth in claim 1, 
wherein each of said wall members comprise a web 
and pair of spaced legs extending outwardly from the 
opposite longitudinally extending edges of said web. 

4. A watertight seal assembly as set forth in claim 3, 
wherein transverse reinforcing sections are positioned on 
the interior of said wall members being secured to said 
legs and said web therein. 

5. A watertight seal assembly as set forth in claim 4, 
wherein longitudinally extending reinforcing sections are 
disposed on the interior surface of said wall members. 

6. A watertight seal assembly as set forth in claim 3, 
wherein transversely arranged flanges are located on the 
outer surfaces of and at each end of said wall members. 

7. A watertight seal assembly as set forth in claim 6, 
wherein said first sealing members have a configuration 
similar to that of said flanges and said first sealing mem 
bers are positioned between said flanges at the ends of 
adjacent said wall members and provide a seal for the 
joint therebetween. 
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8. A watertight seal assembly as set forth in claim 7, 60 
wherein aligned bolt holes are provided in said flanges 
and in said first sealing member, and bolts are positioned 
through said bolt holes for securing said flanges and said 

8 
first sealing members together in watertight engagement. 

9. A watertight seal assembly as set forth in claim 3, 
wherein a longitudinally extending U-shaped section is 
secured to the outer end of each of said legs of said wall 
member with the opening in said U-shaped section facing 
in the same direction as the opening in said U-shaped wall 
member. 

10. A watertight seal assembly as set forth in claim 9, 
wherein one of said second sealing members is disposed 
within each of said U-shaped sections. 

11. A watertight seal assembly as set forth in claim 10, 
wherein said second sealing member comprises a two 
part unit, a first part formed of a resilient material dis 
posed within a U-shaped section and a second part super 
posed on said first part and formed of a sponge-like mate 
rial and arranged to deformedly contact the exterior 
surface of a floating structure for forming a water tight 
seal therewith. 

12. A watertight seal assembly as set forth in claim 5, 
wherein said means attached to said wall members com 
prises a support assembly attached to one of said longi 
tudinally extending reinforcing section at one end and 
arranged to be secured to the floating structure at the 
other end thereof. 

13. A water tight seal assembly as set forth in claim 12, 
wherein said support assembly is secured to said longi 
tudinally extending reinforcing section located on the 
longitudinal axis of said wall members. 

14. A watertight seal assembly as set forth in claim 
13, wherein said support assembly comprises a first Sup 
port member movably secured to said longitudinally ex 
tending reinforcing section and entirely disposed within 
said wall member. 

15. A water tight seal assembly as set forth in claim 14, 
wherein a second support member is movably secured 
to said first support member and is arranged to extend 
outwardly from said wall member into the interior of the 
floating structure. 

16. A watertight seal assembly as set forth in claim 15, 
wherein said second support member is a bar-like element 
pivotally connected to said first member. 

17. A watertight seal assembly as set forth in claim 15, 
wherein said second support member is a multiple part 
element comprising a first part having a rod like shape 
and arranged to extend through the surface of a floating 
structure and a second part secured to the end of said 
first part and attached to said first support member. 

18. A watertight seal assembly as set forth in claim 15, 
wherein said support assembly comprises a third member 
including a tensioning element attached to said second 
member and arranged to be secured to a support struc 
ture within the floating structure. 

19. A watertight seal assembly as set forth in claim 12 
wherein said support assembly comprises cable means 
secured to the ends of said assembly of wall members and 
arranged for supporting said assembly from a floating 
Structure. 
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