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Patented Nov. 23, 1926. 

UNITED STATES 
CHARIES O. TAPPAN, 

1,608,258 

PATENT OFFICE. 
oE NEW YORK, N. Y. 

METHOiD OF BUILDING COREWALLS FOR DAVIS ANY S.IVILLAR STRUCTURES. 
Application filed January 10, 1922. Serial No. 528,213. 

y invention relates to an improved 
method of building corewalls for dams, 
foundations, bulkhead walls, and other simi 
lar structures and has for its object to pro 
vide an improved method of building core 
walls or cut-off walls for dams, foundations, 
bulkhead walls, or other structures in the 
construction of which it is necessary to ex 
cavate through the material overlying the 
bedrock in order that the structure may be 
Guilt on the bedrock. 
Other and further objects of my invention 

will be apparent from the following descrip 
tion and from the accompanying drawings 
of illustrative embodiments thereof, in 
which 

Figu:'e is a general plan of a valley 
showing outline of dam, in dash lines and 
oritile of corewall in dot and dash lines: 

Figure 2 a vertical section taken on the 
line 3-2 of Figure 1, looking in the direc 
tion of the arrows; . . 

iFigure 3 a vertical section taken on the 
line 3-3 of Figure 1 looking in the direc 
tion of the arrows and showing completed 
corewal and dam; . . . 

Figure 4 a cross-section of illustrative 

s ... it 

valley showing excavation and working 
30 

shaft and method of completing corewall by progressive excavating, timbering, and 
filling; 

Figure 5 a cross-section taken substan 
tially on the line 5-5 of Figure 4 looking in 

35 

5. 

the direction of the arrows and showing 
method of filling the excavated portions with 
sections of concrete bonded together to form 
a continuous water-tight structure and show 
ing in dot and dash lines former position 
of l'enhowed cap timbers and top lagging; 

Figure 6 a fragmentary horizontal sec 
tion of the corewall taken substantially on 
the line 6-6 of Figure 4 looking in the 
direction of the arrows and showing the ex 
cavated portion filled with concrete. 

Figure a side elevation of a conventional 
drilling lnachine (such, for example, as a 
“Keystone well driller') showing the drill 
in operation sinking a hole through mis 
cellaneous material overlaying bedrock and 
surrounded by a casing; - : 

Figure San enlarged detail of the bottom 
of the drill hole showing the drill and cas 
ling; 

Figure.9 the method of applying void fill 
ing haterial in connection with the embodi 
linent illustrated; 

Figure 10 a pian of one embodiment of 
process utilizing the void filled cut-off for 
complete length of corewall; and 

Figure 11 a pian of one embodiment of 
process utilizing progressive void filled cut 
offs for working shaft and drifts. 

Similar reference characters refer to simi 
--- 
i: lar parts throughout the drawings. 

The improved method of construction will 
be described in connection with the building 
of corewalls for earth dams. An illustra. 
tive design of such a structure is shown in 
Figures 1, 2, and 3 of the drawings in which 
the corewall is shown as a continuous con 
ea 

and extending continuously across the valley 
to a point above the ground line 3 and 
bedded into the impervious section or core 
4 of the dain proper (comprising impervious 
Section or core 4 and pervious outer sections 
5), the corewall aid dam proper forming 
in conjunction a Water-tight impervious. 
structure completely closing the valley to a 
predetermined level for the purpose of stor 
ing water. Figure 1 shows an illustrative 
plan of a valley in which the dam is to be 
built and indicates the location of corewall 
1, the limits of the dam proper (comprising 
impervious core 4 and pelvious outer sec 
tions 5), the original river 6, diversion tun 
nel 7, and Original river bed 8. Figure 2 
illustrates a cross section of the valley at the 
site of the proposed dam and indicates the 
location of the bedrock 2, ground line 3, top 
of corewall 1, location of original river bed 
8, and diversion tunnel 7, through which 
the flow of river 6 is to be diverted during 
construction. Figure 3 illustrates a vertical 
cross section through the dam and indicates 
the location of bedrock 2, ground line 3, 
and cross section of the dam and relation of 
corewall 1 thereto. . . . . . . . . . 

The methods heretofore used for con 
structing Such a corewall or similar struc 
ture in general are as follows: 
Where bedrock is encountered at a mod 

erate depth and is overlaid with loose ma 
terial either dry or containing an amount 
of water that can be controlled with pumps, 
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corewal 1 bonded into the bedrock 2 
to prevent the flow of water under the dam 
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two lines of sheet piling commonly are 
driven parallel to the axis of the dam and 
the material enclosed by the piling exca 
vated so as to form an open trench for the 
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corewall. When the trench is completed to 
bedrock, the concrete corewall is constructed 
and on its completion the piling is with 
drawn and the remaining space in the open 
trench is refilled with carefully compacted 
earth. The heavy timbering required to 
support the sheet piling obstructs the work 
of excavation and the placing of the con 
crete for the corewall, and also is expensive 
both as to time and material. By this old 
method, moreover, to provide for strains, re 
sulting from unequal settlement of the re 
filled ground and the surrounding material, 
a much thicker corewall is required than is 
the case with the improved method herein 
after described, where the concrete is placed 
so as to fill completely the excavation with 
out disturbing the surroi inding naterial. 
This results in a material saving, both in ex 
cavation and in concrete. ..' . . . . ' 

Where the bedrock is overlaid deeply with 
loose, water-bearing material or with quick 
sand, it has been the practice heretofore to 
use caissons with compressed air. The cais 
son consists of a heavy box-like structure, 
the bottom having cutting edges and con 
taining a working chamber provided with 
airlocks so that air pressure can be main 
tained to keep out the water and the ma 
terial excavated and removed. The top of 
the caisson is formed generally of a heavy 
timber frame upon which the concrete core 
wall gradually is built, so that, as the ma 
terial is removed from the working cham 

i0 
ber, the cutting edges of the caisson are 
forced, into the ground by the Superimposed 
Weight. Sufficient air pressure is carried in 
the air chamber to prevent the inflow of the 
surrounding material and water, and as a 
result of the excavation in the working 

concrete. Where the bedrock is irregular 

55 

60 

65 2 approximately on the center, line of the proposed corewall 1 preferably at the point 

chamber and the addition of concrete on 
the top, the caisson is forced through the 
overlying material to bedrock, and the 
working chamber and shafts then filled with 
much difficulty is experienced in building 
the cutting edges of the caisson to conform 
to it. In the case of a long corewall such 
as the structure shown in Figures 1, 2, and 
3 of the drawings, a series of caissons driven 
side by side would be necessary and the sep 
arate sections would have to be connected 
with some form of water-tight joint after 
completion. This method of construction is 
extremely costly and slow. 
My improved method of construction, an 

embodiment of which is illustrated in Fig 
ures 4, 5, and 6 of the drawings, comprises 
excavating a working shaft 10 to bedrock 

line of the 
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where the rock is deepest below the surface 
of the ground. The first excavation 11 next 
is run along the bedrock from working shaft 
10 on the line of the proposed corewall. 
The sinking of the working shaft and the 
excavating may be done in any desired man 
ner as, for example, by the methods of sink ing, excavating, and timbering ordinarily 
used in mining operations. A second exca 
Vation 11 then is made on the level immedi 
ately above the first excavation and timbered 
in usual manner, the horizontal cap tim 

70. 

bel's 12 and top lagging 13 which have 
formed the roof of the first excavation serv 
ing as the floor of the second excavation. 
After the Second excavation is completed or 
simultaneously with its excavation, the con 
crete of the concrete corewall 1 is placed in 
the first excavation starting at bedrock and 
Suitably bonded thereto. The vertical posts 
14 and side lagging 15 of the first excava 
tion may be left in place and the entire ex 
cavation filled with concrete. A third ex 
cavation then is made on the level immedi 
ately above the second excavation and tim 
bered in usual manner, the horizontal cap 
timber's 12 and top lagging 13 which have 
formed the roof of the second excavation 
Serving as the floor of the third excavation. 

80 

i 

When the first excavation has been filled to 93 
a convenient height its roof is removed, a 
suitable water-tight bonding channel 16 
(Figure 5) is made on the top of the con 
crete, and when the third excavation is com 
pleted, the horizontal caps 12 and top lag 
ging 13 which have formed the floo 
third excavation are removed and the 
ond excavation filled completely with con 
crete. The working shaft is filled progres 

it.}. 

f this 
See 

'sively from the bottom as the work pro- 105 
gresses, and suitably, bonded to the adjacent 
concrete. By this method, step by step, 
commencing at the bedrock, an impervious 
concrete cut-off wall is formed to the surface 
of the ground, each portion of the concrete 

adjacent sections thereof so as to form a 
continuous water-tight cut-off. 
The method above described is 

to conditions where bedrock is encountered 
at a moderate depth and where the overlay 
ing material does not contain more water 

placed in the excavations being bonded to 

applicable . 

110 

li 

than can be handled conveniently by pumps 
drawing from a sump 1 (Figure 4) at the 
bottom of the Working shaft. 
To permit the method of construction 

pervious water bearing material or quick 
sand. I use in combination there with, com 
pressed air or void filled cut-offs or both. 
These cut-offs are built up from the bed 
rock to the surface of the ground surround 
ing the site of the excavation for the core 
wall and either completely surrounding the 

above described to be applied to conditions 1, . . . 
where the bedrock is overlaid deeply with 

12; 
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entire length of the proposed corewall, as 
shown in Figure 10, or constructed so as 
progressively to surround first the working 
shaft and thereafter the drifts as shown in 
dash lines (Figure 11). 
Where cut-offs surrounding the excava 

tion are required, my improved method of 
forming such cut-offs is as follows: 
A series of cased holes 20 and 21 (Figures 

9, 10, and 11) suitably located with refer 
ence to each other and the limits of the ex 
cavation first is sunk to bedrock by means 
of any suitable drilling apparatus, such for 
instance as a “Keystone well drill’ 22 simi 
lar to that illustrated in Figures 7 and 8 
of the drawings and adapted to penetrate 
rock and boulders or other obstructions 
clear down to the bedrock. In this manner 
a casing 23 consisting of Wrought iron pipe 
or other suitable material may be forced 
down, preferably simultaneously with the 
drilling, to surround the hole excavated by 
the action of the drill 24 as shown. When 
a series of such cased holes have been car 
ried to bedrock, as shown in Figure 9, a suit 
able number are fastened to a platform 25 
provided with suitable lifting devices 26. 
Containers 27 for applying the void filling 
material under pressure are attached to the 
cased holes 20 through which it is desired 
to force the void filling material, and the 
suction of a suitable pump 28 is attached to 
cased holes 21 through which it is desired 
to withdraw water, so that by means of 
forcing in said material through cased holes 
20 and by withdrawing water through cased 
holes 21 suitably located with reference 
thereto, preferably until said material be 
gins to appear in the discharge from suc 
tion hole 21, a circulation is set up and any 
voids in the water bearing material or 
quicksand are filled. 
Before commencing the void filling oper 

ation the casings are withdrawn a certain 
predetermined distance above the bedrock. 
The void filling mixture then is placed in 
containers 27, the covers closed and com 
pressed air applied by compressor 29 
through compressed air receiver 30, and by 
means of pump 28 suction is applied to 
cased holes 21. When the void filling mix 
ture begins to be drawn through cased holes 
21, work is suspended, the casings raised to 
a higher level, and the process repeated. In 
this manner, step by step, from the bedrock, 
a continuous series of impervious or semi 
impervious zones are formed surrounding 
the proposed excavation for the purpose of 
reducing or preventing the flow of water 
into the excavation and of facilitating the 
Work of excavation by the consolidation of 
material adjacent to its boundaries. 
By the above described method a cut-off 

is constructed either entirely surrounding 
the site of the proposed excavation before 

the conditions encountered so as to form a 
slow setting, free flowing, void filling mix 

8 

the work is commenced as illustrated in Fig 
ure 10, or is constructed first around the 
working shaft 10 and next extended pro 
gressively along the line of the proposed ex 
cavation so as to surround portions of the 70 
working drifts 11 as illustrated in Figure 
11 by short dash lines. . . . 
The void filling material applied by the 

process described above to fill the voids in 
the material and thereby form an imper- 7; 
vious or semi-impervious cut-off may be 
composed of an inert, void filling substance, 
or of a bonding substance and a void filling, 
substance, combined in proportions to suit 

5 
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ture slightly heavier than water. The sub 
stances used for the bonding element may 
be cement, natural cement, slow setting ce 
ment, hydrated (slacked) lime, dry pow 
dered clay, calcined gypsum (plaster of 
Paris), or native gypsum. The void filling 
elements may be sawdust, wood pulp, bran. 
linseed husks, or husks from other seeds or 
cereals, manure, fine sand, or loam selected 90 
and combined with the bonding elements or 
used separately, as may be required by the 
character of the voids of the particular na 
terial to be treated and in such a manner as 
to form a void filling mixture slow setting, 95 
easy flowing, and slightly heavier than wa 
ter. The nature of the void filling sub 
stances selected makes it possible to control 
the specific gravity of the void filling mix 
ture. . . . . . . . 

Numerous attempts have been made to 
apply grout composed of cement paste to 
pervious gravel and similar water bearing 
haterials, both for the purpose of reduc 
ing the flow of water and to facilitate ex 
cavation. All such attempts in the past 
have been unsuccessful due to the fact that 
the grouting mixture was not sufficiently 
slow setting and easy flowing and was not - 
properly distributed through the voids in () 
the material, with the result that large 
mushroom shaped Zones were formed and 
no continuous homogeneous cut-off was ob 
tained capable of forming an efficient cut 
off for reducing or preventing the flow of : 5 
surrounding water. - - 

IBy the improved method herein described 
it is evident that by the use of cased holes 
starting from the bedrock and raised step 
by step as the void filling operation pro- 12 
ceeds, and that by the introduction of the 
void filling material under pressure through 
one series of such cased holes and the ap 

F30 
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plication of suction to other cased holes suit 
2 5 ably placed with 'elation to the pressure l 

holes so as to create a circulation of the ma 
terial, and that by the use of a void filling 
mixture or a mixture suitably compounded 
of bonding substances and void filling sub 
stances designed to form a slow setting, 130 
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smooth flowing mixture slightly heavier 
than water, the voids in the material treated 
can be so filled, and the cut-off zones so 
joined, that a continuous cut-off can be 
created surrounding an excavation and re 
ducing or entirely cutting off the flow of 
water into said excavation and facilitating 
the removal of material from the excavation 
by the consolidation of the material sur 

10 rounding it. . . , 
iMany modifications of my invention will 

be apparent to those skilled in the art, with 
out departing therefrom or from the Scope 
of the claims, my invention not being limited 

15 to the embodiments chosen for purposes of 
illustration but comprising a method of 
building corewalls or cut-off Walls by drift 
ing andfilling and of using there with under 

20 tecting cut-off walls wholly 
pervious to water. 
What I claim and 

ters Patent is: . . . . . . - 
1. The process of building underground 

foundations, corewalls, and cut-off walls for 
dams, bulkhead walls, and similar struc 
tures, which require to be carried to bed 
rock through earth, gravel, or other soft 
material to form a water-tight cut-off, which 

certain conditions, a method of forming pro 
or partially, im 

desire to secure by Let 

bedrock from this shaft and timbering said 
first excavation, removing material above 

' ' s : ::, ... - said first excavation and timbering said sec 
ond excavation, filling said first excavation 

a continuous bonded concret 

comprises sinking a working shaft to bed 
roek, excavating a first excavation along the 

1,608,258 

through the second excavation with concrete 
bonded to the bedrock, removing material 
above said Second excavation and timbering 
said third excavation, filling said second ex 
cavation through the third excavation with 
concrete bonded to the concrete of said first 
excavation, and step by step excavating, 
timbering, and filling with concrete to build 
bedrock to the desired height. 

2. The process, of building, unc - 
foundations, corewalls and cut-off Walls for 
dams, bulkhead walls, and similar structures which comprises making a first tunnel to be 
filled with the Wall material to form a 

yer of the wall, timbering the roof of the first tunnel sufficiently to support the weight 
necessary during the makings 

wall from the 

fa, second 

40 

g underground 

50 

excavation having as a floor, the roof of the 
first excavation, making such second excava 
tion having as a floor the roof of the first 
excavation, timbering the roof of the sec 
weight necessary. during the making of a 
third excavation having as a floor the roof 
of the second excavation, filling in the first 

being and filling in with concrete to build 
a continuous bonded concrete wall. 

in testimony that I claim the foregoing, 
I have hereunto set my hand this 28th day 
of December, 1921. 

- CHARLES O. TAPPAN. 

ond excavation sufficiently to support the 
60 

excavation through its roof from the second 
excavation, and step by step excavating, tim 

  

  

  


