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2,895,301 
S'DABILIZATION 0F SUBM‘A'RINE RAFT 

’ FOUNDATIONS 

Arthur Casagrande, Belmont, Mass., and Celestine Paul 
Besse'and John H. Bigham, New Orleans, La., assign 
ors, by mesne assignments, to California Research Cor 
poration, San Francisco, Calif., a corporation of Dela 

~ ware 

Application February s,19ss,seria1 No. 486,774 
z claims. (Cl. «1_-46.5) 

The present invention relates to the stabilization of 
submarine raft foundations for the support of working 
platforms above an underwater work site, more par* 
ticularly, to a method of, and an apparatus for, stabili 
zation of submarine raft foundations by the application 
thereto of a surcharge of at least a part of the hydrostatic 
head of water above the submerged foundation raft to 
increase the load on the raft foundation, and has for an 
object increasing the stabilization of submarine raft 
foundations in the underwater bottom by decreasing the 
pressure within the submarine raft foundation until a 
vacuum relative to the hydrostatic head is established 
throughout a substantial area of the bottom of said raft 
by evacuation of water from the soil beneath the bottom 
through ports covered by porous ñlter members. 

Portable marine structures, suitable for supporting a 
working platform above an underwater work location, 
such as a drilling site, are often subjected to large lateral 
forces due to waves and ocean currents, so that the sta 
bilization against lateral movement and overturning is 
a serious problem. While the size of a submarine raft 
type foundation may be increased to an area consider 
ably greater than that required to support the working 
platform above water, frequently such increased area is 
not sufficient to withstand the lateral forces encountered 
during adverse weather or sea conditions. Accordingly, 
it has long been desired to be able to increase the hold 
ing power, orradhesion, of the submarine raft in its 
originally set position. While it has also been pro 
posed to increase' the weight on bottom by addition of 
ballast or other Weighing materials to withstand lateral 
forces, such added weight must be removed before 
afoundation raft can be raised for moving to another 
location. Since, in general, it is desirable to be able to 
move the foundation raft and the working platform as 
rapidly as possible from one Work site to another, this 
expedient of adding weight has not been widely adopted. 
Alternatively, it has likewise been proposed to increase 
the consolidation of the underwater bottom upon which 
the submarine raft is positioned prior to setting of the 
foundation. This requires underwater cutting of the 
bottom and filling thereof with clam shells, sand, rock, 
or the like. Obviously, such cutting and ñlling requires 
a large investment of time, material, and manpower to 
establish a base for the foundation. Additionally, in 
many locations, such as in the delta areas along the 
shore of the Gulf of Mexico, where it is desired to be 
able to drill at underwater locations, it has been found 
that the great depth of recent sediments, largely com 
posed' of unconsolidated clays, may entirely preclude 
excavating and filling of the site from an economic 
standpoint. 

In accordance with the present invention, We have 
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found it possible not only to increase the weight on bot 
tom for a submergible raft foundation without addition 
of ballast material, but, at the same time, to consolidate, 
at least partially, the soil under the foundation. In ac 
cordance with the invention there is provided a method 
of increasing. the bearing load on the underwater bot~ 
tom which includes submerging the foundation raft into 
engagement with bottom, when equalizing the internal 
and external hydrostatic pressure upon the hull of the 
raft and then surcharging the upper surface of the raft 
hull with the weight of at least part of the hydrostatic 
head of water standing between the surface and the top 
of the hull by developing negative pressure along the 
bottom of the surface of the raft. 

In a preferred form of apparatus for carrying out 
the method of the present invention, a foundation raft 
hull, of the pressure-resistant type, is provided with a 
plurality of port members formed in the bottom sur 
face of the hull and filter plate means are arranged to 
cover each of said ports. Said port members are then 
desirably interconnected to a source of negative pres 
sure for withdrawal of water from the area directly be 
neath the barge hull, thereby creating a pressure dif 
ferential between the water adjacent the sides and top 
of the hull and that directly beneath the hull, thus in 
creasing the effective weight of the hull on bottom. 
When the raft hull is resting on soft soil, the develop 
ment of negative pressure along the bottom of the hull 
will cause the soil to consolidate under the effect of sub 
stantial seepage forces, thereby increasing the strength 
of the soil beneath the hull and further increasing the 
stability of the hull against horizontal forces. 

Further objects and advantagesof the present inven 
tion will become apparent from the following detailed 
description taken in conjunction with the accompanying 
drawings which form an integral part of the present spe 
cilication. 

In the drawings: ‘ 
Figs. l, 2 and 3 are schematic representations of a 

foundation raft being operated in accordance with the 
method of the invention, illustrating the sequential steps 
of floating to, and erection of, a working platform at an 
underwater work site. 

' Fig. 4 is a bottom plan view of one form of ñlter 
means for a submarine raft foundation, constructed in 
accordance with the present invention. ' 

Fig. 5 is a partial bottom plan view similar to Fig. 4, 
illustrating an alternative arrangement for a filter means 
positioned on the bottom of a raft foundation. 

Fig. 6 is a cross-sectional view through a portion of 
one of the ñlter plates on the botttom of the submarine 
raft foundation, taken in the direction of arrows 6_6 
in Fig. 3. ' ' 

Fig. 7 is a schematic representation of an'alternative 
arrangement for increasing the stability of a raft founda 
tion on bottom, which Áincludes the provision of elongated 
well means interconnected with the lilter ports, for with 
drawal of water from a greater depth in the bottom be 
neath the hull. , ‘ , 

Referring now to the drawings and, in particular, to 
Figs. l to 3 inclusive,'there is illustrated a series of se 
quential operations for performing the method of the 
present invention to increase the bearing load of a sub 
marine raft foundation on an underwater bottom. In the 
arrangement illustrated in Figs. 1 to 3 inclusive, the work 
structure assembly, identified generally as 10, is adapted 
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to, bey floated to the desired location with a submergible 
raft foundation member 12 in direct engagement with a 
working platform 13. Platform 13 is desirably movable 
relatilve to foundation raft 12 by a plurality of jacking 
devices, indicated generally as 15, operating through 
spud members 17 which are shown as being connected to 
and extending upward from the raft foundation 12. 

After arrival at the worksite, foundation raft 12, as 
illustrated in Fig. 2, is submerged into engagement with 
the underwater bottom by suitable operation of the jack 
ing members 15 to permit column 17 to pass downwardly 
therethrough. While the raft, or foundation hull, 12. 
may be submerged while buoyant through the operation 
jacks 15, the hull is preferably flooded to assist its lower 
ing to bottom and, in either event, is Hooded after being 
seated on bottom. The platform 13, of course, may be 
maintained buoyant until such time as the foundation 
raft 12 has attained a desired degree of stability and is 
capable of supporting the entire weight of working plat 
form 13, including the working equipment, such as a drill 
ing rig. The erected condition of work platform 13 rela 
tive to foundation hull 12 is particularly shown in Fig. 3. 
As particularly contemplated by the present invention, 

the effective weight of foundation raft 12 on bottom is 
increased by forming in its bottom surface a plurality of 
filter ports with interconnecting ñlter plate means cover 
ing each of these openings in the bottom of the raft. In 
this way, there is made possible the application of a 
negative pressure between the bottom of hull 12 and the 
soil directly therebeneath. The manner in which the ñlter 
ports are formed in the bottom of foundation hull 12 is 
particularly illustrated in Figs. 4 and 6. As shown, par 
ticularly in Fig. 4, a plurality of elongated strips 20 
formed of porous filter material and having substantial 
structural rigidity cover to a substantial degree the bot 
tom area of raft 12. Strips 20 are desirably formed of 
porous stainless steel, but may be made of porous copper, 
or a porous ceramic. Strips 20 are suitably affixed, for 
example by welding to bottom wall 25 of hull 12, to 
cover the port members, such as port 23, shown in Fig. 6. 
As further illustrated in Fig. 6, ports 23 through bottom 
wall 25 are interconnected through suitable pumping con 
duits 28, and as shown these may be Iformed by an angle 
iron 30 and plate 31 welded together. Desirably all of 
the filter ports 23 and conduits 28 are interconnected to 
a single pump 34 capable of pumping both water and air, 
or combinations thereof. 

In applying the increased load on the underwater bot 
tom, the surcharge, or additional weight, of at least a 
portion of the hydrostatic head of water lying between 
the top of the barge hull and the surface of the water, is 
developed by pump 34 acting to withdraw water through 
filter plate 20, by way of interconnected ports 23 and 
conduit 28. 
The output of pump 34 may be exhausted to the ex 

terior of the hull. In this manner, there is developed a 
pressure differential between the volume of earth imme 
diately beneath the barge hull and that of the water im 
mediately surrounding and above the hull. For the pur 
pose of insuring the maintenance of this pressure dif 
ferential, which represents at least a portion of the hydro 
static head of water standing above the barge hull, the 
outer edges of the hull 12 are provided with downwardly 
flared portions 37, as illustrated in Figs. l to 3, and 
more fully shown in Fig. 4; said skirts permit maintenance 
of the desired pressure differential, even under erosion or 
scouring conditions of the underwater bottom, caused by 
storm or turbidity current conditions. 
Where it is found desirable to increase the load on 

bottom, even more than that available by imposition of 
a ‘surcharge of the weight of the hydrostatic‘column of 
water above the hull, a portion of the weight of the 
atmosphere may be Vapplied by further operation of pump 
34. to. evacuate air from conduits 2S and, filter ports 23. 
By this reduction in pressure along the bottom of hull 
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12 to less than atmospheric pressure, there may be added 
to the weight on hull 12, an additional surcharge equiv 
alent to at least a portion of the atmospheric pressure 
existing at the water’s surface and thereby increasing, to 
a substantial degree, the total downward weight on the 
barge hull and the resistance of said foundation to lateral 
loads. 

There is illustrated in Fig. 7 an alternative arrange 
ment for increasing the stability of the bearing soil be 
low barge hull 12. In that arrangement, withdrawal of 
interstitial water from the soil located at a considerable 
distance below the hull is made possible by a plurality 
of Wells, or well points, indicated generally as 41, ex 
tending below the barge hull into bottom. Well points 
41 may be independently pumped, but desirably are inter 
connected with the porous plates covering the bottom of 
the barge hull. In this present example, points 41 are 
also constructed of a porous filter-type material, such 
as porous stainless steel. The »arrangement of Fig. 7 is 
particularly useful in tho‘se areas where ̀ little quartz, or 
other sand-like materials, are found in the bearing soil. 
These soils are frequently encountered in the very recent 
delta sediments found iat the outlets of major rivers, ‘such 
as the Mississippi. 
While the arrangement of the porous filter plates de 

sirably extends around the entire area of the bottom of 
the hull 12 as shown in Fig. 4, under some circum 
stances a plurality of individual port members may be 
provided in `a checkerboard pattern, a‘s illustrated in the 
segment of the hull shown in Fig. 5. As there shown, 
each of the filter ports in the bottom is covered by an 
individual filter plate 20A, each of which may be inter 
connected by conduits, such as 28, within structurally 
reinforced barge hull 12, in the same manner as illus 
trated in Fig 6. 
The watering or dewatering of hull 12 is preferably 

accomplished by pumping means independent of negative 
pressure `applying pump 34. However, pump 34 may 
be used for this purpose by providing suitable valves to 
separate the hull filling or emptying operation from the 
pressure developing system, including conduits 28, and 
filter means 20. 

While various modifications and changes in the method 
of the present invention, as well as in the specific forms 
of apparatus described hereinabove, will occur to those 
skilled in the art, all such modifications and changes 
falling within the scope of the appended claims are in 
tended to be included therein. 
We claim: 
1. Apparatus for increasing the stability of a sub 

mergible foundation raft against lateral or overturning 
forces acting on said raft when seated on the under 
water bottom comrising a submergible foundation raft, 
a plurality of ports formed in the bottom surface of the 
hull of said raft, filter means permeable to water and 
substantially impermeable to clayey underwater bottom 
sediments covering each of 'said ports, conduit means for 
interconnecting said filter means and said ports, means 
for decreasing the pressure within said conduit means 
to cause water to enter said ports through said filter 
means while ‘said filter means excludes the particulated 
solid matter of said clayey bottom sediments thereby to 
consolidate the said particulated solid matter of the un 
derwater bottom adjacent said bottom surface o-f said 
hull, and a downwardly depending skirt means formed 
around the periphery of said foundation raft to restrict 
the flow of water from the overlying body of Water into 
said filter means and said ports. 

2. Apparatus in accordance with claim 1 with the ad 
dition of a plurality of well means made of a material 
permeable to water and substantially impermeable to 
clayey underwater bottom sediments submerged into the 
underwater bottom below said raft, said well means being 
in communication with said conduit means and said ports 
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in the bottom of said raft foundation to permit With 
drawal of interstitial Water from the soil `lying a prede~ 
terminable depth below said foundation raft. 
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