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UNITED STATES 

2,101,358 

PATENT OFIFICE 
2,101,3858 

IMITETHOD OF MTATKING ILOAD SUSTAINTING 
STRUCTURES 

(Charles S. Boardman, Pittsburgh, Pa, assignor 
???0 ??ones & Laughlin Steel Corporation, Pitts 
b?urgh, #Pa, a corporation of Pennsylvania, 

Application IMay 28, 1937, Serial No. 145,173 
9 Claims, 

This iraVention relates to load Sustaining Stirug:- 
tures in earth and a method of making the same, 
It is Of particular Value in the making of piers, 
COffer-damS, dogkS, lockWall and other structures 
in places Witaere there is a layer of unstable earth, 
for example, Silt) or quickSand, OVer the load-bear 
ing SubStiraturn. Whera Such Conditions are en 
CO?untered Orditiary methods Of COinStruction re 
quire that the Wails of the Structure be extensively 
braced in Order to WithStarad preSSure of the Silt, 
Or Other unstable imaterial Outside the Walls While 
the Work Within the Walls progeeds. This bracing 
is raOt, gially expensive in itself but Seriously inter 
feres With the Work at tiland and increaSeS the 
COSt, Of the Whole Operation. Another difficulty 
is encountered Where it is attenpted to Support 
Strugt;tures OVer earth of the Character” above Inment= 
tiCined Ora lead bearitag pilles Which are driven int0 
the StlibStirat:UIrrd. If the OVerlying unStable ground 
is Of any Substantial depth the piling finds but 
little liateral Support, therefrOn and COinSequently 
the Structure is Weak in its resistance to lateral 
forces. These forges may be Very great) in the 
Vicirality Of tide Water or if the SuperStructure is 
Subjected to Wind ioadS. 

All Of the foregoing diffiguities are Overcome by 
iny improved Structure and method of making it, 
tiated in brief terrins, I provide for sinking a 

**celli* Clu" cells from the Surface into the Sub 
Stiratural as for exaitaple by driving interiocking 
Steel piling aiad remOWing the earth above the 
Substigraturn frolin Within the Cell and Substantially 
Sirlfaultaneously Chaarging material, Such as broken 
Storae, iratiO the cell to replace the removed earth, 
thus balalacing the preSSure Which the Surround 
iring eartha exerts upon the Walls of the cell and 
preverating it,S Collapse. As indicated, the cell 
may be made Of Sheet, piling and internal braciirag 
Imay be partially Or entirely dispensed With. If 
deSired, the Celli Inay be Stircharged With the ima 
terial So that it, exerts a preSSure in excess of the 
pressure exerted by the Surrounding earth. The 
effect, Of the Surghairgirlag is to lock the jointS in 
the piling Substantially to Water-tightineSS. The 
unstable earth Within the cell may be removed 
in Various WayS, but if prefer to use am hydraulic 
je??? Systema eiraploying jet excavators which extend 
doWnWallrdly into the cell and Which may be With 
dral Wra titarough the charged naterial 
In the makirag of a coffer-dain a Series of cells 

Will be employed, they being connected together 
to form a continuous Structure, A Series of cells 
So arranged in a closed loop Will constitute a 
highly Satisfactory coffer-dam and all structures 

(C1, 61-50) 
of the SOrt, Which I contemplate may be installed 
at a comparatively loW COSt. 
In cases Where it is desired to drive load bear:- 

ing piles into the Substraturn a cell Or" cells of 
the character abo Ve described may be formed alrad 
the pilles driven through them. A great adWantage 
of this construction is that any lateral force ex 
erted on the pilieS, as, for example, by reaSOn Of a 
Wind load, Will be distributed through the charged 
material in the cell to the gel Wall, but instead of 
the preSSure being concentirated against, the Sili 
or other unstable Surrounding earth, it, Will be 
distributed Over the Wide expanse Of alrea, afiOrded 
by the Submerged Sides of the cell and can be 
Successfully resisted by the Surrounding earth, 

If desired the divided material Which is charged 
into a Cell may be made Substantially monolithic 
by forcing a binder, Such aS cement, or Sulphur, 
into the intierstices. 

In the accornipanying diraWings illustrating Cer = 
tain preferred embodiments of my inVention, 

Figure 1 is a top, plan WieW of a Coffer-daiml; 
IFigure 2 is a transverse Section on the line 

III----III of IFigure 1; 
Figure 8 is a top plain VieW t,0 enlarged Scale of 

one of the cells: 
Figure 3-A is a tiOp plana VieW to Still further 

enlarged Scale showing interlocking Sections of 
the Sheet, piling; 

Figure 4 is a Vertical section on the line IV-IV 
of Figure 8 showing the preferred method of re 
movitag the unstable earth Within the cell; 

Figure 5 is a WieW to larger Scale and partly 
broken away ShoWing the hydratulic device en 
ployed for removing the earth; 

IFigure 6 is a View corresponding to Figure 1 
but showing a modified cell Structure: 

Figure T is a tiOp plain VieW showing a Structure 
emibodying load bearing pile:S; and 

IFigure 8 is a Vertical Section on the line VIII---- 
VIII of Figure T. " 

Figures 1 and 2 Show a coffer-dam for a dry 
dock indicated generally by the reference Char-- 
acter 2. The Coffer-dalm COinSists of a Series of 
25 Cylindrical cells 3, connected by bulWarks &, 
thus to form a closed loop defining the Space 
in which the dry-dogk 2 is to be built, 
In Figure 2 I have illustrated two of the cells 

in Section, The cells 3, as Well as the buil WarkS 
4, are made by driving interlocking sheet, piling 
SectionS 5, as more clearly ShoWra in Figure 8, 
One of the Special piling Sections used for gon 
necting the bullwarks 4 to the cells 3 is shown in 
Figure 3-A Figure 2 ShaOWS the Cells extend 
ing from a top level 6 above the normal Water 
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2 
level T of the body of Water adjacent, Which the 
dry-dock is to be builit, and extending down tiO 
?rock or hardpan, 8, I ha:Ve ShoWn the cell eX= 
tenading through a layer of Silit, 9, a layer Of Soft 
yellow clay || (} and a layer of blue Clay || f. 
The problem, of course, is to provide a Coffer 

dam which will permit of excavating for build 
iring the dry-dock: 2. If it is attern.jpted to Lilia” 
Water the construction Space defined by the 
coffer-dam and then digging Out the undeSirable 
material thereWithin, While leaving the Silt With 
in the gels 3, the coffer-tian Will lack the StruC 
tural Strength required to OVercome the preSSuire 
of the Surrounding Water and Silit. In Order tiO 
overcome this difficulty if progeed in the mainliner 
indicated in Figures 3, 4, and 5. Figure 5 ShOWS 
an hydraulic excavator consisting of a Central 
discharge tube { 2 carrying jet pipes || 3 and f ??? 
and adapted to be Surak into the earth Which iS 
to be removed. The jet pipe || 3 is Conraected tO 
a, Source || 5 of Water under pressure and the jet) 
issuing from the pipe || 3 is directed down Wardilly 
and Serves to loosen the earth around the foot 
of the pipe || 2 and to make it relatively easy tiO 
dig down Wardly, The jet pipe || 4 is connected 
to a source || $ of high pressure Water and is 
provided with a U-joint ! T at the bottoml SO that 
itis jet 8 is directed upwardly into the pipe || 2 
This jet entrains the loosened earth and carrie:S 
it to the top of the pipe { 2 Where a third jet) || 9, 
connected to a Source 2ij of Water under high 
pressure, directs it into a discharge pipe 2 ! - A 
Valve 22 is provided in the discharge pipe 2 || , 
Which Valve may be closed during the preliminary 
digging and placing Of the t00d, thereby to pre 
Vent ingress of material into the pipe || 2 in 
almouratiS Sufficient to plug it before the actual 
rernOVall of earth beginS. 
In Figures 8 and 4 I have ShoWIn two digging 

tools of the type illustrated in Figure 5, The 
number used ira any particular caSe Will of course 
depend upon the Size of the cell and thé desired 
rate of IreirinOVall Of earth firOn theireWithin. 
When the digging COrnmences a charge Of di 

Vided material, preferably broken Stone, as indi 
cated at 23 in Figure 4, is placed in the cell and 
on top of the earth to be removed. As the dig 
ging toois Of Figure 5 continue to function and 
rerinOVe the ultradesirable earth from the cell, the 
divided material 23 moves: doWrn Wardilly by graV= 
ity and replaces it, additional material being 
charged on top as required. 
The divided material in the Cell exerts an out 

Ward pressure Sufficient to preVent, the cell from 
collapsing. In IFigure 4 I haVe ShOWIn the cell 
Surcharged With Stich naterial So as to prOVide 
an internal presSuire Which exceeds the external 
pressure. This is desirable in that it places the 
Sections of Sheet, piling in tension, thus in:Suring 
jointS having a Substantial degree Of Water 
tightness and eliminatit?g the neceSSity for any 
Substantial almount of gaulking. It, Will be ura 
derstood that the Surcharge does not neceSSarily 
extend above the top level B of the Cell S0 long 
as the material is present in a Sufficient, amount 
to provide a pressure Which exceeds the external 

The digging Will be continued untill the Soft 
and unstable material in the Cell has been re= 
moved. Indeed, the ability of the hydratulic eX 
gavators to remOVe material is a nea,Sure of the 
character of the earth renaaining in the Cell, and 
When the excavators no longer function t0 re 
move it the cell Will generally be Stable and if 
properly designed Will resist, the external forces 

2,101,858 
Without danger of collapse. The eXCa:Vating de~ 
Vices may be Withdrawn through the Charged ma 
terial Which Will move doWn by gravity to fill the 
Spaces thus left:. 

After all Of the cells 3 and, if desired, the ira” 
termediate Spaces defined by the celli Wallis and 
the buillwalrkS (, , have been treated as above des 
Scribed, the Coffer-dain may be uraWatered and 
the WOrk Within it, garried itallrough, Jim FiguireS 
1 and 2 I have ShoWn a concrete diry-d0ck Within 
the coffer-dam and at, 24, I have indicated ioad 
bearing pilles for Supporting it. If desired, the 
CellS may be left in plage around the completed 
dry-dOCk except for the cells adjacerat tiline gate 
end 25, Which Cells must be removed to permit) 
the use of the dry-dogk. If desired all of t??ue 
CellS may be removed after" the Work has been 
COmpleted, 

It, Will be raOted that the cells are all free of 
internal braciilag and that they may be con 
Structed at loW cost as compared With methods 
Of COinStruction Ordinarily employed. I prefer 
tO uSe cells of Cylindrical cross section as illus 
tirated in Figure 1, but in raany cases it may be 
desirable to use another form of cell as indi 
Cated in Figure 6. In this WileW adjacent cells 
have a common Wall 26 Which will generally 
be Straight). The Outer WallS 2T Will be curved 
S0 aS better to With:Stand the pressures encoun 
tered. The pressures on the Wall 2?? will be 
Substantially equal and Opposite if the digging 
and Charging is carried Out at approximately 
the Saine rate in the adjagent gels, 

FigureS T and 8 ShOW a Structure erribodying 
iOad-bearing pilles. As illustrated the Structure 
COinSiSt,S Of a Series of cells 28 of mugh the same 
Character as those illustrated in IFigure 6. In 
the present, case, however, the Structure involved 
is not a COffer-dam but is intended to provide 
adequate lateral Support for load-bearing pilles 
29. The difficulty of providing adequate lateral 
Support, is Well illustrated in Figure 8 wherein 
the pilleS are ShOWn driven into a Substratuna 3.?? 
Of gOOd bearing SOill having an Overlying Stratum 
3 !! Of Silit, or the like. The pilles are required 
to Support, a Superstructure 32. If they were 
driVen directly through the Silt, and Were re 
quired to With:Stand Whatever lateral forces may 
be enCOuntered, as, for example, from tides or 
from Wind pressures on the Superstructure, they 
WOuld SWay undully because the resistange of 
the Silt iS SO low that the concentrated pressure 
exerted by pilles bearing directly against the Silit 
WOuld not be successfully met. In Figures T and 
8, hOWever, this difficulty is OVergome by first, 
providing the cellS 28, removing the Silt, theref]'Orn 
and filling them With a maOre Siable material 
33, a,S, for example, broken Stone, in the manner 
above described, then driving the pilles 29, and 
thern erecting the SuperStructure 3.2. "The gelis 
are alloWed to remain in place beneath the Super 
structure. If there be any lateral forces tending 
t0 SWay the pilles this force is communicated 
to the material 33 and thence to the cell Wall. 
While the lateral force must ultimately be re 
Sisted by the Surrounding Silt, the arrangement) 
just described Serves to distribute the lateral 
force Over the projected area of the cell wall 
rather than Over the projected alrea of the pille, 
and in consequerace the unit pressure is loWered 
in an amount, Sufficient to permit of the Silt 
Successfully resisting it. 

If desired, the pilles may be driven through 
the Silit, and the charge of material formed in 
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