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(57) ABSTRACT 

An apparatus and a method for constructing an underground 
curved and narrow multisectional structure, stratum and wall 
horizontally and vertically extending in a multihole exca 
vation, trench and gallery being formed in the ground that 
utilizing a movable chassis, a framework arranged thereon 
and including upper frame, a slip tiltable and a pulling and 
pushing means that can be coupled between the frame and 
forming means. A set of elongate forming means is provided 
downward and upward separately movable relative to the 
framework. These forming means have a supporting motive 
means, a means for making alternately holes ahead of the 
motive means, along the length of a transversal cross-section 
of the excavation and adjacent closely together in a hori 
zontal advancing direction and serve to alternately form, 
empty and ?ll up the holes with materials and to advance the 
chassis by the pulling means. These motive means are 
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provided with an extensible motive frame of an equi 
curvilinear, circular cylindrical or helical or plane, rectan 
gular or trapezoidal shape or a chain of a plurality of 
shortened units connected in consecutive order for move 
ment about pivotal axes perpendicular to the central longi 
tudinal axes of the adjacent units, a means for supporting 
and guiding an adjacent forming means for movement that 
extending along the length of the frame or units, a means for 
directing the excavation of an adjacent hole that can be 
engaged with the supporting and guiding means of a forming 
means supported by the walls of a hole formed previously, 
hole walls-supporting members which can be expanded 
outwardly and shifted individually or in groups by means of 
rams coupled between the frame or units and the members. 
These means for making equi-curvilinear excavation com 
prise an endless chain cutter provided with cutting and 
driving endless chain and a driving chain wheel located 
within a hole being formed or an end-and-face mill cutter 
provided with cutter barrels which can be rotated about axes 
crossing the advancing direction and reciprocated along the 
axes by means of a drive means or a wedge-shaped cutter 
and can move the equi-curved frame against and to com 
press the facial wall of the structure being formed. The 
making means for directing and forming an initial curvilin 
ear excavation section comprises a number of directing 
cutters capable of forcing the facial wall of an excavated 
section being formed in the crossing direction to force the 
front unit from its position toward the diverged direction and 
control the direction of the hole by means of the activating 
and drive means. There are an one wedge- or a two wedges 
shaped cutter connected to the front unit for movement 
about the intended pivotal axis by means of a drive means 
within the excavated section or rams or a number of wedges 
shaped cutter which can be shifted individually or in groups 
by means of rams coupled between the front unit and the 
cutters or the end-and-face mill barrel cutters which can be 
reciprocated and rotated in intended directions. The direct 
ing means comprise directing members supported by the 
front and a number of units motionless or for transversal 
movement by means of a drive means coupled between the 
unit and the member. The supporting and guiding means is 
formed by portions of the motive means that can engage the 
directing members. 



Patent Application Publication Oct. 21, 2004 Sheet 1 0f 18 US 2004/0208710 A1 

<5 02 



Patent Application Publication Oct. 21, 2004 Sheet 2 0f 18 US 2004/0208710 A1 



Patent Application Publication Oct. 21, 2004 Sheet 3 0f 18 US 2004/0208710 A1 

* ' FIG-18. ' 

I F|G.11 ' 

91 

90 

‘94 
92 
73 





Patent Application Publication Oct. 21, 2004 Sheet 5 0f 18 US 2004/0208710 A1 

'FlG.22iA‘ it _ t t - - . ~ . _ _ ~ 

‘14‘ v 

. ‘m4 
an: 

ICU 

|> ' 1 O 

I15 
v11 \VIA\ l " i 

v “Vi I 

i. _. > . ..Fl'lkG.i23F- . 

; FIG.23A. _ '_FlG.'23C_ HFIG.23E , ' v t. 

- - _ ~F|G.23YB> FIG.23D~ '' - .FIGLZSG 

15 ‘ i mg; . 

.. _ . . .I‘D 

Im 

30 IO 

I@ m I -> 



Patent Application Publication Oct. 21, 2004 Sheet 6 0f 18 US 2004/0208710 A1 



Patent Application Publication Oct. 21, 2004 Sheet 7 0f 18 US 2004/0208710 A1 

.8" 95..» 0%.. RN. 
5/ 
. m. 

Rd.“ 
<8". 58 , .mmmw 0.5" v2 4 ~m~ 

3 \\ in" 

. A 

é"... m8 

7.2.“; . . vat" 



Patent Application Publication Oct. 21, 2004 Sheet 8 0f 18 US 2004/0208710 A1 

3.9“. .. <39“ 

_.... . A ~ . . . . .8“ 



Patent Application Publication Oct. 21, 2004 Sheet 9 0f 18 US 2004/0208710 A1 

. ¢..Sn 
v .U. a8 . gi. 

. w. 

, :nlvm? 
8n . . 

5 

(m en 
8.1..» ,n 

m5». . 
i. 4R”. 

., 26E‘ . 

, 3n 
/ . .8 . 

W . mom . 



Patent Application Publication Oct. 21, 2004 Sheet 10 0f 18 US 2004/0208710 A1 



Patent Application Publication Oct. 21, 2004 Sheet 11 0f 18 US 2004/0208710 A1 

I: 

. 50E . 



US 2004/0208710 A1 Patent Application Publication Oct. 21, 2004 Sheet 12 0f 18 

k 4 

56m i i . . . 86E. 
.. 3:1 

l 
I 

53m _. m2“? 8» @323 

Is 

F 

iumn ' I 

‘3 

lnlllll 

. .. . ., . 3. 



Patent Application Publication Oct. 21, 2004 Sheet 13 0f 18 US 2004/0208710 A1 

" [405 



Patent Application Publication Oct. 21, 2004 Sheet 14 0f 18 US 2004/0208710 A1 

mmqgm 890E 086E. m?émviéwqgmi .. t . , 

_.H@..@H_t._. . 

, 2.: ~t 

6S!“ .. . . 

H.“ .11..»(11 i1’. .. , it . .ihl . Sm, . . w w 15$ 8% .. 2.6 5m. 5‘. “Ms; 

, . . 2v 

. , 3..“ ‘ 

. v . V . n . . K i 

. . . I \ . ., 

. V... . . .u - .r . .. 

, . . i . H , ¢ 1 .. . U . . 

.1. .. ,. . , , . i .. . 

.n .. i . .. . a». I . . . 

. . \ ~1~§§Pzll§ . a .. V C i 



US 2004/0208710 A1 

a? 

Patent Application Publication Oct. 21, 2004 Sheet 15 0f 18 

. 355 v\. ( 

W53. , PET .. Y 4m; 

/i .. \ 2+ ,. in? 5% 

J . _. m5 



Patent Application Publication Oct. 21, 2004 Sheet 16 0f 18 US 2004/0208710 A1 

~ £61. 



Patent Application Publication Oct. 21, 2004 Sheet 17 0f 18 US 2004/0208710 A1 

as _,._ ETMEF. . 

l1./w 



US 2004/0208710 A1 

M ,E? _ “ tins um M59259". ?qgw 

Patent Application Publication Oct. 21, 2004 Sheet 18 0f 18 

t» . 



US 2004/0208710 A1 

APPARATUS AND A METHOD FOR 
CONSTRUCTING UNDERGROUND CURVED 
MULTISECTIONAL STRATUM AND WALL 

CROSS-REFERENCE TO A RELATED 
APPLICATION 

[0001] This application is continuation-in part of the par 
ent application Ser. No. 09/584,682, Art Unit 3672, ?led 
May 31, 2000 and abandoned May 13, 2003. 

STATEMENT REGARDING FEDERALLY 
SPONSORED RESEARCH OR DEVELOPMENT 

[0002] Not Applicable 

REFERENCE TO A MICROFICHE APPENDIX 

[0003] Not Applicable 

[0004] The invention relates to apparatuses and methods 
for excavating the ground to construct-in-place of a con 
tinuous narroW excavation an underground structure, such as 
anchor and foundation, draining and retaining stratum and 
Wall especially to control of ground gas and Water How and 
to provide drainage, isolation, containment, and separation 
of subsurface environments, prevention of leakage through 
levees and isolation of contaminated and sensitive areas. 

[0005] In constructing a curved surfacial and narroW 
underground Wall according to a prior art technique, ?rst a 
hole of an elliptical cross-section having a 2 to 3 m major 
axis is dug in the ground to a predetermined depth by a 
poWerful bucket or a hole is dug to a predetermined depth by 
tWo or three series of auger drills. After the hole formed in 
slurry is sealed With a bentonite solution to prevent further 
penetration of slurry, a reinforcing bar cage is placed in the 
hole and a ready mixed-concrete is then poured into the hole 
to form a foundation column. Such a method is repeated to 
form an underground continuous Wall. Slurry or bentonite 
solution layers interrupt the formation of the continuous Wall 
so that after completion of the Wall, ground Water tends to 
leak into the inside of the continuous Walls through the 
joints. It is therefore very dif?cult to provide the under 
ground continuous Wall simultaneously having tWo func 
tions as foundation Wall and a diaphragm Wall. 

[0006] There is knoWn to use an excavator disclosed in 
US. Pat. No. 5,244,315 for constructing an underground 
continuous Wall, including a travelling trolley, supporting 
frames, an extensible guide post vertically supported by a 
tiltable frame on the trolley, and an endless chain cutter and 
agitator. The cutter excavates a trench, jets a hardening 
liquid in a hole and mixes the liquid With the earth and sand 
in the hole to form a soil cement Wall. Signi?cant defects of 
the excavator and method of its advancement are: 1) the 
excavator is not capable to form a Wall in the unstable 
ground and a horiZontal stratum; 2) the cantilever chain 
cutter being advanced that requires a huge traction force and 
stabiliZing moment applied to the trolley; 3) the cutter 
carries the mixture out of the trench; 4) the cutter is not 
capable to compress the Working front face of the Wall being 
formed. 

[0007] There is also disclosed in US. Pat. No. 5,685,668 
an apparatus for delivering an unrolling liner material into 
and along a trench being formed of a depth up to sixty feet 
that prevents side Wall collapse in a subsurface Water 
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saturated Zone and forms a barrier Wall. Signi?cant defects 
of that barrier Wall installation system are as shoWn above 
and folloWing: 1) a Wall may be shaped into plane and 
vertical cylindrical surfaces only because of the cylindrical 
shape of a roll of the liner material; 2) it is difficult to use a 
very Wide liner material of Width that is suf?cient to reach 
a deep impermeable ground layer. 

[0008] It is knoWn a means for steering a cable-laying 
apparatus disclosed in US. Pat. No. 5,934,833, the steering 
means mounted securely to a frame of the chassis of the 
apparatus to alloW excavating the curvilinear slit trench by 
turning break the frame about a central vertical hinge 
disposed betWeen to turn relatively front driving Wheels and 
a rear driven Wheel, that is dif?cult because the steering is 
carried out, While the apparatus advances and the driving 
front Wheels must provide large road-holding capacity. 

[0009] To decrease the huge intended traction and stabi 
liZing moment for the constructing means that must be 
created by the chassis it is Well-knoWn a slit trench digging 
apparatus disclosed in US. Pat. No. 3,638,338 and provided 
With a disposed vertically slit trenching blade being capable 
of oscillating about a vertical axis to form a slit trench and 
expanding reciprocatingly aside to compact the side Walls 
and Widen the trench being advanced, so though there are 
common defects necessiated With forced applying a huge 
torque to the blade and its cheeks from above the ground 
level, and large friction resistance by the compacted Walls to 
the advancement of the blade; as Well as utiliZing an 
advanceable and trench side Walls-supporting shield dis 
closed in US. Pat. No. 3,994,139 and adapted for laying a 
pipeline into a rectilinear trench, Where the shield being 
composed of a set of the longitudinally displaceable elon 
gate cutting and side Wall-supporting members, a frame for 
supporting and guiding the members and ram means for 
effecting relative movement betWeen the frame and the 
members to effect advancement of the trench. In operation, 
the ram means advance the members in relation to the frame 
so as to excavate a trench, and other ram means for the 
members not being advanced are blocked and holding the 
remainder of the shield, including the frame, that is station 
ary until all of the members have been advanced, and then 
the ram means shift the frame in the advancing direction. 
Signi?cant defects of the shield and method of its advance 
ment are: 1) the members and trench, on the one hand, and 
the frame and the pipeline, on the other hand, are advanced 
alternately and interruptible at a lesser mean speed because 
frequent standing idles; 2) advancement of the frame is not 
secured because stopping the advanced members and their 
?rm frictional contact With the Walls is not secured, espe 
cially in the unstable Wet or stony ground, and 3) the shield 
is not capable of advancing a curvilinear trench section. 

SUMMARY OF THE INVENTION 

[0010] It is an object of the invention to provide more 
ef?cient apparatuses and simple methods for constructing 
curved, deep, and narroW underground structures, such as an 
anchor and foundation, drain and impervious horiZontal 
preferably stratum and vertical preferably Wall in-place of a 
smooth multihole excavation, such as a trench, drift, and 
gallery being formed of a plurality of adjacent holes in the 
?rm or unstable ground that having the side Walls being 
supported by the movable longitudinally and turningly 
Walls-supporting means of a structure-forming means of the 
















































































