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My invention relates to an improved
method of bnilding corewalls for - dams,
foundations, bul khead walls, and other snm-
lar structures and has for its object to pro-

6 vide an improved method of building core-
walls or cut-off walls for dams, foundu.tlons
bulkhead walls, orother structures in Lhe

const
cavate through the material overlying the

built on the bedrock.
Other and further ob Je’lt: of my invention
will be apparent from the following descrip-
tion end from the accc ompanying drawings
15 of illustrative embodiments thereof, -
which— ;

igure 1 i3 a oeperﬂ plan of a valley
showing outline of dam in fhsh lines and
“outline of corewall in dot and dash lines;

Figure 2 a vertical section taken on ‘the
Iine 2-—2 of Figure 1 looking in the dn‘cc-
tion of the arrows;

Figure 3 a vertical section taken on.the
line 3—3 of Figure 1 looking in the dircc-

25 tion of the arrows and Showmo ~completed

corewall and dam; '
Figure 4 a cwgs-sectio,n of illustrative
: vahev showing execavation '
shaf{ and method of completing corewall
30 by progressive excavating, timbering,
ﬁanO . P ' . 3

F‘lome 5 a cross-section taken substan-

tmlly on the line 5—5 of Figure 4 looking in

29

the Jdectlon of the arrows and . showing

35 method of filling the excavated portions Wlth
sections of cuncrete bonded tooeLher to form
a continuous water-tight °trvcture and show-
ing in dot and dash lines former position
of removed cap timbers and top lagging;

¢  TFignre 6 .a Fmvmentary horlzonta1 sec-

tion of the corewall taken substantially on

the line 6—6 of Figure 4 looking in the
direction of the arvows and showmo the ex
cavated portion filled with concrets.

Figure 7 a side elevation of a conventional
driliing nachine (such, for example, as =
“Ixe\'stone well driller” ) showing the drill

45

in opemuon sinking a hole thl*omh mis-;

cellaneous material overlaymo bedrock and

50 quuou‘ﬂeJ by a casing;
Tigure 8 an enlarged detail of the bottom
of the drill hole showmg the drill and cas-

mng;

uction of which it is Vleceoszuy 40 ex-

and  working

Jand;

e 9 the mebhod of qp’)lymo void fil-
evial in:connection with the e
ustrated;
igure 10 a plan of one empodiment of
process utilizing the void filled ‘cut- oft for
complete 1 nﬂth of corewall; and -

Figure 11 a plan of one embodiment of
process uti h”mo progressive void filled eut-

~ OuS for w 01’1@110 shaft and drifts.
10 bedrock in order Lh“t the Qtructme may be:’

Similar reference characters refer to simi-
lar parts throun"hout the drawings.

The improved method of construction will
be deseribed in connection with the building
of -corewalls for earth damc An illistra-
m’ cm:ﬁn of such a structure is shown in

Figures 1, 2, and 3 of the drawings in which
Ule corewall is gh ag a continuous con-
crete covewal] »
to prevent the flow of water under the dam
and extending continucusly across the valley
to a point above the ground line 8 and
uedrlﬂq into the impervious section or core

4 of the dam proper (comprising impervious
snctlon or core 4 and pervious outer sections
5), the corewall aud dam proper - forming

YTy
WA

in conjunction a water- tight impervieus

structure completely closing “the valley to a

prﬁdeu rmined level for the purpose of stor-

ng water. I‘loure 1 shows an ﬂlustr ative
phn of a valley in which the dam:is to be
built and indicates the location of" co**ewwll

1, the limits of the dam proper (comprising

ape1 vious core 4 and pelvmvs outer sec-
tlons 5), the original river 6, diversion tun-
nel 7, and orw‘lnal river Led 8. Figure 2
illustrates a cross section of the vzﬂley 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 rlver bed
8, and diversion tunnel (, throuo‘h which
the flow of river 6 is to be diverted dumng
construction. Figure 3 illustrates a vertical
cross section through the dam and 1nc11c1teb
the location of bedlock 2, ground line 8,
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 oeneral are as follows:

Where bedrock is encountered at a mod-
erate depth and is overlaid with loose ma-
tornl either dry or containing an amount
of water that can be controlled with pumps,

embodi-

1'1 bonded into the bedrock 2
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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
corewal 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 c‘u‘efuhy 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 ag to time and matelml By this old
method, moreover, £0.pr ovide for strains re-
sulting from unequal settlement of the re-
filled. Gl‘OUl’ld and the eurroundlng m‘ltelm‘
2 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 e*{cwntlon with-
out disturbing the surrounding naterizl.
This results in a material saving:, “hoth 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 heretoi'oze 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 WOlkmo chfunber pro Vlded with
airlocks g0 that alr 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 corve-
wall gradually is built, so that, as the ma-
terial is-removed from the kamo cham-
ber, the cutting edges of the caisson are
forced into the cround by the supemmpoced
weight, Sufﬁment air pressure is carried in
the air chamber to prevent the inflow of the
surrounding material and ther, and as a
result of the excavation in the working
chamber and the addition of concrete on
the top, the. ¢aisson is Torced thxouah the
OVQI‘lVlIlO‘ material to bedrock, and the
working Chamber and shafts then filled with
concrete
much dlIﬁcu]ty 18 exreuenced in building
the cutting edges.of f the caisson to conform
to it. Tn the case of a long corewall such
as the structure shown in F1oures 1, 2, and
3 of the drawings, a series of czus“ons driven
side by side wonld be necessary and the sep-
arate sections woild 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 constrnctlon an
embodiment of which is illu wtrated in Fig-
ures 4, 5, and 6 of the drawings, comprises
excavating a working shaft 10 to bedrock
9 approximately. on the center, line of the
proposed corewall 1 preferably at the point

Where the " hedrock 1s irregular
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where the rock is deepest below the surface

of the ground. The first excavation 11 ne\t
is run alonfr 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, e:;cavatln and timbering -ordinarily
used in mining operatlons A second exca-
vation: 11 then is'made on the level mmedi-

ately above the first excavation and timbered

in usual manner, the horizontal cap: tim-

‘bers 12 ‘and top lagging 18- which ‘have

101 med the roof of the ﬁrs’c excavation serv-

ing -as the. floor of the second excavation.

After the second excavation is completed or
sunultaneously with its excavation, the con-
crote of the concrete corewall 1 is placed-in
the first excavation.starting ¢
suitably bonded thereto.  The vertical ‘posts

14 ‘md 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
timbers 12 and top Ltggmg 13 which- havye
formed the roof of the second exc¢avation
serving as the floor of the third excavation.

When the first excavation has been filled to
a:-convenient-height its roof is removed, a

suitable - Water Lloht honding channel 16
(Figure a) is made on the top of the'con-

crete, and when the third éxcavation is com-

pleted, the horizontal caps 12 and top lag-
ging ‘13 which have formed the floor of thlQ
third excavation ave removed and the cec-
ond excavation- filled completely with ‘con-
crete. “The working shaft is filled. progres-

‘sively ‘from the- bottom as the work pro-

gresses, and suitably. bonded to the adjacent
concrete. By this method, step by step,
commencing at the. bedroclx, an impervious
concrete cut oif wall is formed to the surface
of the ground each portion of the concrete

at bedrock and
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placed in the excavations being bonded to' ‘

adjacent sections thereof 'so as to form a

coutintious water- tight cut- off.

The method above deecrlbed is applicable.

to conditions where bedrock is encountered

at a moderate depth and where the overlay-
ing materlal does not contain more water
than can be handled conveniently by pumps
drawing from a sump 17 - (I‘mme 4)~at the

bottom of the working shaft.’
To ‘permit ‘the method of constrl*chon
above described to be applied to conditions

where the bedrock is overlaid deeply with

pervious water bearing material 01"quxck-
sand, I use in comhma‘mon therewith, com-
pres°ed alr or void filled cut-offs or both.
These cut-offs are built up from the bed-
rock to the surface of the eground surround-

ing the site of the excavation for the core-

wall and either completely surrounding the
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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 smrrounding 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 28 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 sue-
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
91, 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 1mpervious 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

8

the work is commenced as illustrated in Fig-
ure 10, or is comstructed 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
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-
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
the conditions encountered ‘8o as to form a
slow setting, free flowing, void filling mix-
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
and combined with the bonding elements or
used separately, as may be required by the
character of the volds of the particular ma-
terial to be treated and in euch a manner as

to form a void filling mixture slow setting, 0a

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. . : ‘ S

MNumerous attempts have been made to
apply grout composed of cement paste to
pervious gravel and similar water bearing
materials, 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 eetting 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
surrounding water.

By 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-
ceeds, and that by the introduction of the
void filling material under pressure through
one series of such cased holes and the ap-
plication of suction to other cased holes suit-
ably placed with relation to the pressure
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,
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smooth ' flowing  mixture - shcrhtly heavier
than water, the voids i in the. materml tleated
can be. so ﬁHed ‘and- the cut-off zones so
joined, - that “a contmuovs cut-off - can: . be

meated surrounding: an-excavation. and-re- c

ducing or entuely LUttlllO off .the flow of

.water into sald ev:avatlon and facilitating

the removal of material h’om the e\cavmon

by . the consolidation of ‘the: ‘material. sur-
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‘Many modlﬁcatmns of-my invention. will
be:apparent to those skilled in the:art.swith-
out-departing therefrom or.from the scope
of the dalms , my invention not heing limited
to the embodiments chosen for ‘purposes. of

illustration but, eomprising a - method -of -

building corewalls or ‘cut-off walls by drift-
ing fmfl filling and ofi using therewith under
certfun -eonditions, - method of-forming pro
tecting cut-off: walls-wholly or pmtmﬂy im-
pervious to water, ‘

What T-claim and desire to secure by Let—
ters-‘Patent is:

1. The process:-of bunchnﬂ underground
foundations sicorewalls; 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 ar Water tloht cut- off; which
comprises: sinking a WOlkmo shatt fo- bed-
rock, excavating ‘a first excavation along the
bedrock from this shaft and tlmbeuno said
first excavation, removing material “above
said first excavation and timbering said sec-
ond ethvatlon, filling said first e\cavqtlon

1,608,258

through the second.excavation with concrete
bonded to the bedrock - Temoving material
ahove, S‘Ud, second | ewam‘mon and tunl:)erlnor
said third excavation, filling said second ex-
cavation. through the, thn'd excavation with
concrete bonded to the concrete of said: first
excavation, and step-. by step excavating,
tlmbeuno, and filling with concrete to bmld
a, continuous: bonded concrete. wall from the
bedvock -to the desired heﬂﬂﬁ
9. The. process, of bulldm(r undernround
foundatmnq corewalls and cut off WELHS for
dams, bulkhe‘td walls, and snmlar structures
which comprises making a first tunnel to be
ﬁl‘cd with - the ~wall mateual to - form .a
ay er of the wall, timbering the roof .of the
firet tunnel sufﬁmently to support the weight
necessary  during - the ‘making -of .a- second

excavation hfwmo as a, floor the 1'oof of the -

first e\cavatlol akmo such second. excava-
tion having as: a, ﬂoor the roof of. the ﬁrst
e\cavatmn, tlmbellno the Toof of the sec-

ond excavation: suﬂimentlv to support the.

weight. necessary . during ‘the, making -of a
thir d excavation having. as a ﬂoor the roof
of the:seeond e\cavqtlon filling in;: the first
excavation. through its root from the. second
exeavation, and sfep by:step-excavating, tim-
bering and filling 4n with-concrete to bulld
a contlnuovs bonded ‘concrete wall.
“In testimony that I claim the foregom

1 have hercunto set my- hand this 28th day
of Deeember, 19210

CHARLES O TAPPA‘\T
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