Construction Method of Pile structure and the Special Equi prent for
Carrying Qut the Sane Field of the Invention The invention relates to a
pile structure used in the fields of civil engineering, irrigation works,

muni ci pal worKks;

and particularly to a construction nethod of piles used in

buil dings or pile structure with wainscot -of foundation pit and the speci al
equi prent carrying out the sane. Background.of the Invention Present
foundati ons used in buildings, especially in high-rise buildings, are
generally pile foundations, the design of such a foundation is-carried out

on the basis of the geglgp&itrit WMéﬂi '_(F"?)FPﬂersttquﬁiifeWith regard to one

or nore points of the ground. But actua

'y, I'n nost cases, the geol ogical

condition of the ground under pile poﬁﬂﬁ(nw constituting the foundation
differs significantly fromthat at the explored point(s), thus causing
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present uneven sedinentation, and this is also why nore than 80% of the
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occurred in built buildings are due to

Field of the Invention

The invention relates to a pile structure used in the fields of civil

engineering, irrigation works, municipal works; and particularly to a

construction method of piles used in buildings or pile structure with

wainscot of foundation pit and the special equipment carrying out the

same.

Background of the Igventigg

Present foundations used in buildings, especially in high-rise

buildings, are generally pile foundations, the design of such a foundation |

is carried out on the basis of the geological exploration reports made with

regard to one or more points of the ground. But actually, in most cases,

the geological condition of the ground under pile poSitions constituting

the foundation differs significantly from that at the explored point(s),

thus causing different load capacities and sedimentation in service life of

individual piles constituting the foundation, and further causing a built

building to present uneven sedimentation, and this is also why more than

80% of the damage accidents occurred in built buildings are due to

foundations. In present design and construction of foundations, there is

no desirable method to solve the problem. Another disadvantage of

above-mentioned construction method is that the actual load capacity of

each pile can not be learnt after construction, and generally the load

capacity is determined with a test pile before and after construction, and



foundations. In present design and construction of foundations, there is no
desirable nethod to solve the problem Another disadvantage of :
above-nmentioned construction nmethod is that the actual |oad capacity of
each pile can not be learnt after construction, and generally the | oad
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cost. Sumary o e rnventron 1s to provide a new
constructi ggetmet hod of pile structure and the equipnent carrying out the
sane, with the nethod and equi pnent, the actual |oad capacity of each pile

can be obtained at once after sgﬁﬁ%éﬂgbflﬁpgﬁdé?|3r¢ssure of the pile hole
wal | and the pile hole bottomcan be determ ned while constructing, thus
[17e can be obi o oD L B e O O Sl the
| oad capacbofpilesinidigreand daneghipmentcaeyingcout thesadhe, afith thel e in a pile
method and equipment, the actual load capacity of each pile can be
obtained at once after construction; the pressure of the pile hole wall and
the pile hole bottom can be determined while constructing, thus the
actual load capacity and the sedimentation in a predetermined service life
can be obtained upon finish of the construction of each pile; and the load
capacity and the sedimentation in service life of each pile in a pile
structure can be kept the same.
The object of the invention is achieved through the following
method which comprises the steps of:
a) Carrying out an exploration to the pile groundto generally learn
the conditions of the soil layer of the ground and determining the size of
the piles and the preliminary size and position of the pile wings ;
b) drilling a pile hole to a prescribed depth in the ground according
to the pile size derived from the exploration;
c¢) Obtaining the actual mechanical properties of the soil body in the -
vicinity of the preliminary position by exploring the soil body of the pile
hole wall in the vicinity of the preliminary position of the pile wings by
means of pile-wing-hole forming device, thereby determining the final
size and final position of the pile wings;
d) compressing , according to the final size of the pile wings, the
soil body of pile hole wall at the final position of the pile wings by means

of the pile-wing-hole forming device, thereby forming the pile wing hole;



structure can be kept the sanme. The object of the invention is achieved

t hrough the follow ng nmethod which conprises the steps of:

a) Carrying out

an exploration to the pile ground to generally |learn the conditions of the
soil layer of the ground and determ ning the size of the piles and the
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form ng device, thereby formng the pile wing hole; 2

In the step c), in the case that the mechanical properties of the soil

body at the preliminary position are poor, moving the pile-wing-hole

forming device along the pile hole wall to continue the exploration of the

soil body of the hole wall until a required soil layer is found, and using

the required position of the soil layer as the final position of a

corresponding pile wing.

The pile wings are pile branches.

In the step c), in the case that the mechanical properties of the

explored soil body at the preliminary position are poor, still using the

position of the soil layer as the final position of a corresponding pile

wing; but in the step d), forming a pile wing with a size larger than the

corresponding preliminary size at the position.

In the step ¢), in the case that the mechanical properties of the

explored soil body at the preliminary position are poor, still using the

position of the soil layer as the final position of a corresponding pile

wing; but in step d), forming a plurality of pile wings having the

corresponding preliminary size in the area of the soil layer, the number of

which is larger than the preliminary determined number of the pile wings

at the position.

The pile wings are pile force-bearing plates and/or pile branches.

The mechanical properties of soil body are the compressive

mechanical properties of soil body .

The mechanical properties of soil body comprise the friction



e) Pouring concrete into the finished pile hole and pile wing hole to form
a concrete pile; f) Constructing other piles in the pile structure
according to the above-nentioned steps, thereby formng a pile structure
conposed of a plurality of concrete piles. In the step c), in the case that
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that the wﬁb%&?PE%fdﬁﬁo _the explored soil body at the prelimnary
position are poor, still usihg the position of the soil |ayer as the final

position of a quyrtheRsihoke #id pile wing holes in which there is no water, the

quality detection of the holes is carried out by means of a night-vision
observation system.

The pile hole and pile wing holes in which there is slurry, the
quality detection of the holes is carried out by means of an ultrasonic
scanner.

After concrete has been poured into the pile hole and pile wing
holes, when the concrete attains a certain strength, the quality of the pile
and pile wings is detected by means of an ultrasonic detector.

In the step c), the final size and position of pile wings are calculated
by means of a computer system.

During construction, the manipulation of the pile-wing-hole forming
device is controlled by a computer system.

During construction, the measured values of mechanical properties
of soil body and the signals associated with the quality, size and position
of the formed pile and pile wings are converted into digital signals and
stored in the computer system.

The actual forming condition of the pipe hole and pile wing holes
are displayed through an image display so as to facilitate monitoring.

Reinforcing bars or reinforcing cages are inserted before pouring
concrete.

Prestressed reinforcing steels are inserted before pouring concrete,



Wi ng; but in step d), formng a plurality of pile w ngs having the
corresponding prelimnary size in the area of the soil l|ayer, the nunber of
which is larger than the prelimnary determ ned nunber of the pile w ngs at
the position. The pile wings are pile force-bearing plates and/or pile
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by means of a Iy ghé stepb)the pile hole is formed by a positive circulation

method, a counter circulation method, an spiral auger drilling method, an

jet soil-flushing method, a manual hole-digging method, dipper or grab

buckef soil-removing method, sleeve-driven and soil-squeezing method,

or a hammering-punching method.

In the step b), the pile hole is formed as such that a pilot hole is
formed at the pile position; a guard tube is lowered into the pilot hole; an
impact hammer is used to impact the ground along the guard tube to form
a hole; thereafter the guard tube is lift out, and then loosened earth
bucket is put in. |

In the step b), the pile hole is formed by an spiral auger drilling
method, and the step d) is accomplished as follows, according to design
requirements, the soil layer at the end of the force-bearing plate in an
intermediate pile wing is hammered to consolidate in layers; after the
loosened soil bucket is put onto the hole bottom, a pile-wing-hole
forming device is put in to form pile wing holes through compression at
the consolidation positions in layers; and the loosened soil bucket is lift
out to form a force-bearing plate at the bottom of the pile.

The step b) includes clearing up the loosened soil at the hole bottom,
that is, the drill bit is made to idle at the initial depth until the prescribed
requirement is satisfied; and in the step d) the pile wing holes are formed
as such: according to the design level, compression and expansion
signs for the pile wings are marked in the conspicuous positions on the

upper and lower sections of the pile-wing-hole forming device, and the



observation system The pile hole and pile wing holes in which there is
slurry, the quality detection of the holes is carried out by neans of an
ultrasoni c scanner. After concrete has been poured into the pile hole and
pile wing holes, when the concrete attains a certain strength, the quality
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pouring concrete,
pile-wing-hole forming device substantially stops sway or rotation; while

the device is being putting in, an oil supply pipe and an oil return pipe
are locked by special oil pipe clips at 3~5m intervals on a coupling tube
-of the upper and lower sections of the pile-wing-hole forming device;
depth size is marked on the coupling tube of the upper and lower sections
of the pile-wing-hole forming device; and according to the required
levels, the pile wing holes are formed through compression in a
prescribed order. |

After the step e) is carried out, slurry is injected under pressure onto
the pile hole bottom and the pile wing ends through a preset slurry tube
to consolidate the surrounding soil body of the portions.

The angle between the compression direction of the pile wing hole
and the direction perpendicular to .the pile hole wallis £ 90° .

The pile wing holes are formed by compressing the surrounding soil
body of the pile hole wall in the direction parallel to the pile hole axis.

. Firstly, a first cavity of a pile wing hole is formed by compressing
the soil body in the first prescribed area at the selected position of the
pile hole wall upwards in a direction inclined relative to the pile shaft
hole axis, and then a second cavity of the pile wing hole is formed by
compressing the soil body in the second prescribed area at the selected
position of the pile hole wall downwards in a direction inclined relative

to the pile hole axis, the first cavity and second cavity jointly constitute
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4 and the prestressed reinforcing steels are prestressed and anchored
after the concrete attains a certain strength. In the step e), the pouring
of concrete is conducted by a trem e nethod, a series tube nethod and a
punped concrete nethod. In the step b), the pile hole is forned by a

positive ﬁﬂ{%ﬁ%ﬁ&j@%hod, a counter circulation nmethod, an spiral auger

~drilling ‘$oi | -fl ushing nmet hod, a manual hol e-di ggi ng net hod,
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compressing the soil body in a second prescribed area at the selected

position of the pile hole wall downwards in a direction inclined relative
to the pile hole axis, the first cavity and second cavity jointly constitute -
- the pile wing hole. |

The pile wing hole is formed by only compressing the soil body in a
prescribed area at a selected position of the pile hole wall downwards in
a direction inclined relative to the pile hole axis.

First, a horizontal cavity is formed in the surrounding soil body in a
prescribed area at a selected position of the pile hole wall, and then the
surrounding soil body of the pile hole wall located below the cavity is
compressed downwards in a direction parallel to the pile shaft hole axis
to form the pile wing hole.

During the forming process of a pile wing hole, reinforcement
material for the pile wing is injected.

Part of pile body material is poured during the forming process of
the pile wing hole, and the other part is poured after the process; the pile
hole wall is protected through a wall-protection fluid.

The wall-protection fluid is cement slurry, the cement slurry is
injected into the pile hole as the pile hole forming device is lifted after
the pile hole has been formed by means of the pile hole forming device,
until a position in the pile hole where no collapse will occur; after the
pile wing holes are formed, a slurry-supplementing tube is inserted to the

pile hole bottom and, aggregate is put in at the same time; and then |



requirenents, the soil layer at the end of the force-beari ng plate in an
intermediate pile wing is hammered to consolidate in layers; after the

| oosened soil . bucket is put onto the hole bottom a pile-w ng-hole form ng
device is put |n to formpile wing holes through conpression at the
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size along the axis of the pile hole being larger.

The pile wing hole is formed by compression into an spiral hole
extending along the pile hole axis. |

The pile wing hole is formed during the process of lifting out the
pile hole forming device after the pile hole has been formed.

The finished pile is a neat concrete pile.

The piles are arranged in rows to form a support and guard pile
structure.

The tops of the piles in the support and guard pile structure are
connected through a connecting beam and the pile wings formed on
individual piles.

The equipment for carrying the method comprises a pile-wing-hole
forming device, and on the device there is provided a detector for
detecting the mechanical properties of soil body of the ground when
forming a pile wing hole with the device.

The detector is a sensor.

The sensor comprises a pressure head, the pressure head is
connected to an actuating hydraulic cylinder, and the actuating hydraulic
cylinder is connected to a pressure display.

The detector is a detecting instrument for friction resistance
properties of the soil body.

The equipment further comprises a control system for the pile-wing-



met hod, and the step d) is proceeded as such: the pile-w ng-hole formng
device is slinged, and then slowy lowered into the pile hole after the
pi |l e-wi ng-hol e form ng device substantially stops sway or rotation; while
the device is being putting in, an oil supply pipe and an oil return pipe:

o “the. uppidte RATANE dibe MBSl othprisal S hURUR Safbe £°00, 02, ' G001k
o1 1 o- wi ng- RORPHEE: Hiemift: Mitel 1° 00 L 07 PFo the requi red I evel s, the
Phe step e) |5 by rgulE skl \ AupHsE e MERE TR orladd aoy " o the pile
Consol i dat e { nAPELRIBpUGr hORIBHHE sysicall Confribeats Ual MctsiiBUii® . ccn
tpg(rapggg})(r:ﬁggﬂr%ﬁ*@@p;eﬁvﬁglﬁ%ﬁih@sm%&lgr ] %%dtpdiuﬁgﬁ%g%dﬂhgres are

formed by epaRitRsf mm@ﬁelévaﬁpsigﬂhlsg asdisplayosid 2mémerpifoetiwl e wal | in

the direction parallel to the pil'e hole axis. Firstly, a first cavity of a
pil e wing karieussligitahsignals, aaroperationkeyboasd) dn@@ﬂin!a?etdisylfayr st _
prescribed area at the selected position of the pile hol'e wall upwards in a

di rection systennéor siedwingyehe actthkbformiagsdmiditions of a pile hole and pile

wing holes.
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The computer monitoring system comprises an control panel, and on
the control panel there are provided a keyboard, a display, an audio
amplifier, an image display showing the actual forming conditions of a
pile hole and pile wing holes, a control rod for the pile-wing-hole
forming device, and a printer.

The image display system is a night-vision observation system
capable of detecting the forming quality of a dry hole, and the system
comprises a color videocamera capable of taking pictures, a mdnitor for
showing the pictures taken by the videocamera, a sealed sleeve for
receiving the videocamera and a power source, an observation head, a

 light source for picture-taking, and a video recorder.

The observation head comprises a horizontal observation head for
observing the hole wall and a vertical observation head for observing
hole bottom.

The image display system comprises an ultrasonic scanner for
detecting the forming quality of a wet hole.

The computer monitoring system comprises an unit for controlling
the operation of the pile-wing-hole forming device.

The pile-wing-hole forming device is of a hydraulically actuated



hol e axis, and then a second cavity of the pile wing hole is forned by
conpressing the soil body in the second prescribed area at the sel ected
position of the pile hole wall downwards in a direction inclined relative -
to the pile hole axis, the first cavity and second cavity jointly
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prescribed area at the selected position o I1'e hole wall downwards in
a direction i nthenRdedtdl ¥ h?d%té&iﬁ%ﬁldﬁdlﬁeﬁpf(ﬁ' the iffictioRtresistancecavi ty and
second cavity jointly constitute the pile wng hole. The pile wing hole is

formed by Pfd)%eﬁ'ﬁgquhéisﬁﬂﬁd'@_soﬂ body in a prescribed area at a sel ected
position of the pile hole wall® downwards in a direction inclined relative

to the pile hofThegilewing-hole forming device comprises a pile-wing-hole

forming mechanism, the mechanism includes a first bow-type
compressing arm and a second bow-type compressing arm, the ends of
the first bow-type compressing arm and second bow-type cdmpressing
arm are hinged to each other, the other end of the first bow-type
compressing arm is hinged to a first connecting member and the other
end of the second bow-type compressing arm is hinged to a second
connecting member; the first connecting member is rigidly connected to
the end of a piston rod of an actuating hydraulic cylinder, and the second
connecting member is rigidly connected to the end of the other pistoﬁ rod
of the actuating hydraulic cylinder; the two piston rods are disposéd
coaxially and move oppositely while working; and the actuating
hydraulic cylinder includes two pistons which are disposed coaxially and
parallelly and move oppositely while working, the two piston rods are
rigidly connected to the two pistons respectively.

The pile-wing-hole forming device comprises a plurality of sets of
pile-wing-hole forming mechanism, the sets of pile hole forming
mechanism are arranged at intervals along the longitudinal and/or
transvérse directions of the equipment.

The pile-wing-hole forming device comprises a plurality of sets of
pile-wing-hole forming mechanism, the sets of pile-wing-hole forming
mechanism are arranged symmetrically relative to the longitudinal axis

of the equipment.
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First, a horizontal cavity is formed in the surrounding soil body in a
prescribed area at a selected position of the pile hole wall; and then the
surroundi ng soil body of the pile hole wall |ocated below the cavity is
conpressed downwards in a direction paraIIeI to the pile shaft hole axis to

formthe pile VTngHﬁhﬁ?eﬁPé?]lﬁ%rfs Vél[@haﬂa ﬁfr‘ gsddé%ﬁ a’rt?‘iel 1[5I ﬁg[')glj;
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the other part is poured after the proces e pile is protected
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slurry, the cenent slurry is injected into the pile hole e pile hole

form ng devinember o Wich thérerisifiveedah drivihg goas barl) dndl lRdivicEEans of

the pile hole formng device, until a positron in thé pile hole where no
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slurry-supplementing tube is inserted to the pile hol e bottom and,

aggregat e inciudes o fist bow-typecampressanglatrhandz second bow-type

compressing arm, one end of the first bow-type compressing arm is
hinged to a driving rod driven by the driving gear, and the other and of
the first bow-type compressing arm is hihged to one end of the second
bow-type compressing arm, the other end of the second bow-type
compressing arm is hinged to a first fixed member, the first fixed
member is on one side of the hinge point of the first bow-type
compressing arm and the driving rod and is on one side of the moving
axis of the hinge point of the first and second bow-type compressing
arms relative to the hinge point of the driving rod and the first bow-type
compressing arm; the second fixed member is hinged to one end of a first
branch plate, and the other end of the first branch plate is a free end; the
inner side of the first branch plate abuts against the hinge portion of the
first and second bow-type compressing arms, and is provided with a
guide plate, on the guide plate there is formed a guide groove in the
direction parallel to the first branch plate; the first and second bow-type
compressing arms are hinged through a transversely movable axle, the
guide groove permits the transversely movable axle to slide therein and
extends towards the second bow-type compressing arm from the position
where the transversely movable axle is located when it has not yet
moved outwards transversely. |

The equipment comprises a main support member which is provided

with an driving gear, and the equipment is further provided with a pile-
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cement slurry is pressed under high pressure into the pile hole through the
opening at the bottomof the slurry-supplenenting tube via the slurry-.
suppl enenting tube until entire pile hole is filled up. The pi | e body
material is poured into the pile hole and pile w ng holes after the pile
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t he nmet hod "conpri ses a pile-w ng-hole form ng device, and on the device

there is peampiegblﬁg@@ﬁﬁ@hdrthétuméﬁéﬁﬁbfnhe sBeorid boantysd compressings of
soil body of the ground wh

arm is hinged to a ﬁxed member which is fixed to the main support

member; and the first bow-type compressing arm has a first branch plate
intégrally formed thereon, and the second bow-type compressing arm has
a second branch plate integrally formed thereon.

The equipment comprises a telescopic power compressing device
which can linearly compresses the surrounding soil body of a pile hole
wall downwards in a direction inclined relative to the pile hole axis.

The equipment comprises a compressing member which can insert
horizontally into the surrounding soil body of a pile hole wall, the
member is connected with a driving gear, and thus it can compress the
surrounding soil body of the hole wall downwards in a direction parallel
to the pile hole axis when inserted into the surrounding soil body of the
hole wall. |

The equipment comprises a pile hole forming device, the device is
an clay digger forming device.

The clay digger forming device is a submersible driller, an jet soil-
flushing hole-forming device,_ a bit driller, an overall casing driller, a
positive circulation driller, a counter circulation driller, a grab soil-
removing device or a dipper soil-removing device. |

The clay digger forming device is an auger driller which includes a
drilling rod, the drilling rod is a hollow pipe and is provided with a pile-
wing-hole forming device; and at the bottom of the hollow drilling rod
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formng a pile wing hole with the device. The detector is a sensor. The
sensor conprises a pressure head, the pressure head is connected to an
actuating hydraulic cylinder, and the actuating hydraulic cylinder is
connected to a pressure display. The detector is a detecting instrument for

frictionr m ]m'mz]_ dher
conpri ses gﬁggtri]?r ggﬁgfm @Eot 1eﬂﬁi|%agéuvmﬂ#§quth {Hﬁ) orm ngéggl\ﬁ'
system 00”966? FHaterial O avhil- ctﬁﬁf'ﬂ@u& ?J?gé@fednﬁﬁdttﬁé tgP ofhie em The

hydraulic unit conprises a hydraulic pres di splay. The conput-éer -
noni t or i ngdgitisag Fod ¢ebhiffinitated with e Oplgmg;ﬂmd@ftﬁeﬁﬁeéﬁdﬂg rel evant.
signals into digital signals and carrying erations on the rel evant
signal s, angitefihpy and a nenory for the various digital signals, an

oper ation keyboard, and an imge display systemfor show ng the actual

form ng condi t Aeiothéx special equiphreradf the livention comprises a caterpillar

running gear; a swivel table; and a driver’s cab, a control system for the
pile-wing-hole forming device on the swivel table; and a boom; the
bottom of the boom is connected to the swivel table, and the branch hole
and/or force-bearing plate slot forming device is suspended from the top
of the boom through a suspension cable, the device is guided and fixed
by a gripper block, and the rear end of the gripper block is connected
with the swivel table.

The equipment comprises an control system for the pile-wing-hole
forming device, which is placed on the ground and is separated from the
pile-wing-hole forming device.

With the construction method and equipment of the invention, the
actual load capacity and the sedimentation of each foundation pile can be
obtained, and all piles can be made to have substantially the same load |
capacity and sedimentation, thereby the formed foundation will not
present an uneven sedimentation to thus significantly reduce a hidden
peril during the service life after construction. In addition, with the
invention, the work load of foundation exploration before construction
can be reduced and the trial piling or pile load testing before and after
construction can be reduced or made unnecessary. Thus, the construction
cost can be greatly decreased and the construction period shortened. Also,
in the present invention, the exploration to geological conditions of
ground runs through the pile construction process, thereby the conditions

of bottom and surrounding soil of each pile can be learnt clearly to
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wi ng holes. The conputer nonitoring system conprises an control panel, and
on the control panel there are provided a keyboard, a display, an audio
anplifier, an imge di splay showi ng the actual form ng conditions of a pile
hole and pile wing holes, a control rod for the pile-w ng-hole form ng

devi o, oreaflithile b TIRGL AR ET S OR IR, |
and the syg %%lﬁ@&u@e{%&“th%‘ g&gﬁ&@ﬂ{eﬁ‘gﬁgﬁaﬁbﬁ dibrdadlgng pictures, a

nmoni tor for-s he prctures eocanera, a seal ed sl eeve

for recei vj E@%eto‘% L8 NG SR n%%ﬁ alion head, a

| i ght so:J\r/ e for {)’Yé:t u?gﬁig{gatng, gﬂ‘l aﬁgliheg“{ ecoortggr. zﬂ%bservat:i on head .
: : : : . . I q

verti cal - oBRARH/BRE fBtoc REANE plA 1838Catclat S BolteIponligly ratitet 2¢ ©

system corrféﬂc%es'ms@élniﬁ% l@@?ﬂﬁ%%anﬁ%’g%sgﬁggéé Qath Bpaﬁc@fegifmscaual ity of

a wet hole. The conput®r “nonitoring syst Ises an unit for

control i nBeéu"iifiggirlﬁt_feaTdaiafbe?§>u1tfi?;ﬁe1|@ﬂ'ly%ré&h%?\é1 iailib?é{t I dhd'thelgiles gan The

pi | e-w ng- hol e m ng device is of” a hy [ y actuat ed
have the maximum load capacities and minimum sedimentation in

service life. Only the advantages of pile foundation, which is used in
buildings and subjected to pressure, have been described above, but it is
noted that the invention can also apply to pile foundations, which are
subjected to tensile forces, and antidumping supporting structures; and
can uniformly resist floating-up forces, i.e. buildings only have relative
small uniform floating-up amount, or bending moment, i.e. each pile in a
supporting structure has a substantially identical, relative small angular
displacement.
Brief Description of the Drawings

The invention will be described in detail below in combination with
accompanying drawings, in which

Figs. 1A-1C are schematic views of a construction method for pile
foundation in accordance with the invention, in which Fig. 1A isa
schematic view of the first stage of the construction method for pile
foundation of the invention, Fig. 1B is a schematic view of the second
stage of the construction method for pile foundation of the invention, and
Fig. 1C is a schematic view of the third stage of the construction method
for pile foundation of the invention;

Figs. 2A-2C are schematic views of the first embodiment in
accordance with the invention, by which a pile hole and a pile branch

hole and/or force-bearing plate slot are formed simultaneously, showing
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9 type which conprises a bowtype conpression nechanismfor forming the'
pile wing holes, the extending portion of the bowtype conpression

mechani sm constitutes the pressure head for the detector. The detector is a
detecting instrument for the friction resistance properties of the soil

. i i | e-wi ng- hol e forminc
ooy i oo i ikl R oo néﬁ’uggeﬁes‘#é?%f"g‘éwfiéeacﬁhp?el“sf‘%g armand a
second bow-typpy -%ﬁhf@s&{éﬂlaﬁ@%l&ﬂgﬁf?ﬁ E@@oﬁ conpr essi ng

WE O eac er,

arm and second ype conpressing arm are t he ot her

end of 't he ikt Eevmf pws%faf Bow R t&,,utwaedaﬁ&agnfew. ghonnect i ng.

menber and er en the sé ype corrpres Ing armis h| nged

to a seconfoRd tﬁﬁéﬂéﬂ
connected to t a pI s grlla‘réosgb{ an act uat| ng a%fl IC Ccy nder

and the Seﬁ%‘%ﬁemﬂﬁférﬁ%dﬁﬁ%@hohsst?ﬁéﬁ -dly connected to the end of the
ot her piston rod of the actuating hy aulic cylinder; the two piston rods

are di sposed Figs. 4A-4C are schematic views of the third embodiment in

accordance with the invention, by which a pile hole and a pile branch
hole and/or force-bearing plate slot are formed simultaneously, showing
three different construction stages;

Figs. SA-5C are schematic views of the fourth embodiment 1n
accordance with the invention, by which a pile hole and a pile branch
hole and/or force-bearing plate slot are formed simultaneously, showing.
three different construction stages;

Fig. 6 is a schematic view of the first embodiment of the equipment
in accordance with the invention, which has both the pile hole forming
device and the pile branch hole and/or force-bearing plate slot forming
device;

Fig. 7 is a schematic view of the second embodiment of the
equipment in accordance with the invention, which has both the pile hole
forming device and a pile branch hole and/or force-bearing plate slot
forming device;

Fig. 8 is a schematic view of the first embodiment of the branch
hole and/or force-bearing plate slot forming device of the equipment in
accordance with the invention, which has both the pile hole forming
device and the pile branch hole and/or force-bearing plate slot forming
device;

Fig. 9 is a schematic view of the second embodiment of the branch

hole and/or force-bearing plate slot forming device of the equipment in
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coaxially and nove oppositely while working; and the actuating hydraulic
cylinder includes two pistons which are di sposed coaxially and parallelly
and nove oppositely while working, the two piston rods are rigidly
connected to the two pistons respectively. The pile-w ng-hole form ng

Ihe < GG ARy g B Sl OB BRI
onal L vt nee 308 aHH g R SEBEH TR Sl el e Y AR s i
ﬁ{el:ﬁa\r,]\l: 2%1 are gé’rpginmggg gm[“ris?al ItcerZF;tsi \c/n; {)gl '?;1\(,3“ Pgnglolt 5drg<;|m ggi s of -

the equiprent . pi 10 iEWSARHLATPYlerd SHBIAE The kbl Ute/ i gend, dovi ce.

the pil e-w ng- e formng Vi ce IS prov e form ng

devi ce. Thefogﬂiﬁg\q%@%@wgthﬁ%ggdevi ce conprises a nmain support nenber
l g

on which there I xed an drivi Year and, and the device
Fig. 11 is a schematic plan view showing the working state of the

forming device shown in Fig. 9;

Fig. 12 is a schematic view of the fourth embodiment of the branch
hole and/or force-bearing plate slot forming device of the equipment in
accordance with the invention;

Fig. 13 is a schematic view showing the retracted state of the
fonniﬁg device shown in Fig. 12.

Fig. 14 is a schematic view of a further embodiment of the branch
hole and/or force-bearing plate slot forming device of the equipment in
accordance with the invention;

Fig. 15 is a perspective view of another special equipment in
accordance with the invention;

Fig. 16 is a perspective view of the control system for the branch
hole forming device of the equipment in accordance with the invention.
Detailed Description of the Preferred Embodiments

The construction method of pile foundation, as the concrete pile
structure construction method of the invention, comprises the following
steps: first, carrying out a geological prospecting to the ground of a
construction area to learn the soil body conditions of the ground in the
area, and of course, a trial piling can also be done to learn the geological
conditions; on the basis of the results of the geological prospecting,
determining preliminary the number, length, diameter and position of the

pile as well as the number, length, diameter and position of the wings of
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further conprise a pile-wing-hole form ng nmechani sm the nechani smincludes
a first bowtype conpressing armand a second bowtype conpressing arm one
end of the first bowtype conpressing armis hinged to a driving rod driven
by the driving gear, and the other and of the first bowtype conpressing

o O e RS S ALY [,

menber, t hg,dankYf  drifith in¢ %?{iﬂ{é%@ﬁéﬁﬁlé)é%gﬂg\ﬁ?i@gﬁ@gqmt of the

first bowtype conpressimg arm an I'Vi ng orfe si de of

the novin ' f‘ﬁﬁ i hat s b d i@ e ityPe
conpr essi ggﬁgF%%Q{’ | at ng?ﬂde?ﬁggr#ﬂggb%gléﬁ H%?It het;é:l?l:iepgg rodttgnd t he

first bow wﬂf?xréﬁmfe%‘il Badylfbginréfetaﬁg %g’;ﬂg@%ilfeemﬁggm@%rdlﬁ@ﬂéﬁﬁé dto one

end of a first branch plate’] e the first” branch plate is

a free endthéﬁfblhﬁﬁieﬁr?'ﬂe@@nﬂfneﬂf}ﬁlé Wiﬁg gﬂsﬁ%ﬂ, ﬂHeaécﬁngiéé_sbforﬁgai nst the

hi nge portion of t I rst and second Wtype conpressing arns, and is

provi ded whidthanisim 38 the deficeOR ddihettedity R'présuird PatigestHeomdrkhlas gui de

a8,
groove in the direction parallel to the first bran;gf; plate; the first and

second bovof gRssticityrorcte cuefficientafefrivtivresesistancs bam bercbtaiedsim y novabl e

axl e, the guide groove permts the transversely novable axle to slide

therei n andceoridande withvihel valuecos tee peessare pange candtiegsitoandsen f rom t he

Posttien determined whether the soil layer at that level is suitable for constructing
a pile wing; and if the soil layer is too soft, the initial design
requirements of the pile wing at that level can be met by adjusting the
level or the size of the pile wing or the number of the wings at the soil
layer. Referring to Fig. 1B, the above-mentioned adjustment of the level
of the pile wing refers to detecting by compression the soil layer in the
vicinity of the soft soil layer by means of the pile-wing-hole forming -
device until a required force-sustaining layer is found, and then forming
the pile wing holes of the required number or size at the soil layer
determined in the above-mentioned manner. If the soil layer satisfies the
requirements, the preliminary determined pile wing holes can be directly
constructed and the prescribed pile wing holes (that is, pile branch holes
and/or force-bearing pile plate slots) can be formed in above manner in
the pile holes. Then, the entire pile hole is scanned using a scanner to
examine the quality of the pile wing holes and the wall of the pile hole.
As shown in Fig. 1C, prestressed reinforcing steels are then inserted and
concrete is poured. When the concrete attain a certain strength, the
prestressed reinforcing steels are tensioned and anchored.

The first embodiment of the method in accordance with the

invention, by which a pile hole and pile branch hole(s) and/or force-
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where the transversely novabl e axle is located when it has not yet noved
outwards transversely. The equi pnent conprises a main support nenber which
is provided with an driving gear, and the equi pnment is further provided

with a pile- wi ng- hol e form ng mechani sm the mechani smincl udes a first
bowt ype c ER% %m};c ; e end of
the first ﬁggil&%o%p g.?enSOIZ[?én(??gIl I nge riving rogf armd t he

d“ ving rog 55 art:‘rnig 2 fe%lgrdsYﬁ %@Eﬁglpr%&ﬁhl)bﬁﬁeegﬁbv@ﬁub Caflrst bow

type conpres henge ne e e second bowt

t
o e RO P O, AU AR o R BT 10 17

to a nmerber to the main support nenber; and

the first Beurihg gﬂgfﬁlgtmaéﬁbwsmwdﬁmdg&&%e@ thé piletwitigh! | Y

formed thereon, bowtype conpressing arm has a second branch

plate int etiold Formhiig@eviche BabniBeeed MilPIpREssR8Dar §86t Showhy,sambi ¢ pover

conpressi ng device ich can linearly conprésses the surrounding soil body

ﬁ]; | 2 g ;( ! g ite¢ prevsute Bariveoritected awvith agresaurei gaigen(@ot showin)\on the the pile
ground; afterwards, compressing the soil body of the hole wall upwards
ina inblined direction, as shown in Fig. 2B; and finally, with the soil
body at the top of the cavity thus formed as a supporting point,
compressing the soil body of the hole wall downwards in a inclined
direction to form a branch hole and/or forceQbearing plate slot, as shown
in Fig. 2C. The branch hole and/or force-bearing plate slot can be formed
either when the inventive equipment is lowered down to form the pile
hole or when the inventive equipment is lifted up after the pile hole has
been formed.

The second embodiment of the method in accordance with the
invention, by which a pile shaft hole and pile branch hole(s) and/or force-
bearing plate slot(s) are formed simultaneously, includes the following
steps: forming a pile hole using the equipment of the inventioﬁ, the
equipment comprises a branch hole and/or force-bearing plate slot
forming device 2 and a drilling device 3, the pile wing hole forming
device 2 is connected with a pressure bar (not shown), and the pressure
bar is connected with a pressure gauge (not shown) on the ground, as
shown in Fig. 3A; at the same time to form the pile hole or after the pile
hole has been formed, forming the pile branch hole(s) and/or force-
bearing plate slot(s) by compressing the soil body of the hole wall
upwards and downwards simultaneously in an inclined direction by

means of the inventive equipment, as shown in Fig. 3B; and finally,
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The equi pnent conprises a conpressing nmenber which can insert horizontally
into the surrounding soil body of a pile hole wall, the nenber is connected
with a driving gear, and thus it can conpress the surrounding soil body of
the hole wall downwards in a direction parallel to the pile. hole .axis when

the hol e a dir axis v
conpr i ses TARHE R BASRAASHARIS) Pt Rirck Weatflelplife dofS)vthe T |
device. Th ' : ' ' ' b ible driller, | et

ot | - 11 us P ape s ShORAL i P aReH cogirpeoR | 02 < Nl Ceral I Chsing
dri | et a poSirtiothifd émBbalheit 8F thd fiothdd SRUBESHdcE Withkhen driller. a

grab soil- renoving device or a dipper soll-renoving device. The clay

di gger for m [ j | | ' kel 1 Ng rod,
cager [ or Beeaion by WA FISRCIASd pfle WHGER Hotelsynd/d geb ng od
form ng debeafing®late?$lot(3} ard forpmed sithliRanéously, Hiclhdeésthe ﬂﬂl({lﬁing there is

formed a nozzl e comruni ca?ed therewi t h, throngl’ the nozzle pile
steps: forming the pile hole using the equipment 1 of the present

-

invention which comprises a branch hole and/or force-bearing plate slot
forming device 2 and a drilling device 3, the pile wing hole forming
device 2 is connected with a pressure bar (not shown), and the pressure
bar is connected with a pressure gauge (not shown) on the ground, as
shown in F ig. 4A; during the process of forming the pile hole or after the
pile hole has been formed, forming the branch hole(s) and/or force-
bearing plate slot(s) by compressing the soil body in an inclined direction
by means of the branch hole and/or force-bearing plate slot forming
device 2, as shown in Fig. 4B. The dotted lines in Fig. 4B show the final
state after compression; and after compression, the state shown in Fig.
4C will be obtained.

The fourth embodiment of the method in accordance with the
invention, by which a pile hole and pile branch hole(s) and/or force-
bearing plate slot(s) are formed simultaneously, includes the following
steps: forming the pile hole using the equipment 1 of the invention which
comprises a branch hole and/or force-bearing plate slot forming device 2
and a drilling device 3, the pile wing hole forming device 2 is connected
with a pressure bar (not shown), and the pressure bar is connected with a
pressure gauge (not shown) on the ground, as shown in Fig. 5A; during
the process of forming the pile hole using the equipment 1 or when the
equipment is lifted up after the pile hole has been formed, forming a
horizontal slot 4 in the wall of the pile hole, as shown in Fig. 5B;
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body material or a wall-protection fluid is injected, and the top of the
drilling rod is communicated with the supplying fluid of the injected
mat eri al . Anot her special equipnent of the invention conprises a
caterpillar running gear; a swivel table; and a driver's cab, a control

boom tho. HisteaRbhTotig bafcr ROR(EPafd Brctbealing M JOAS) By e

branch, ho! Gofftesiing 866 SoHARSAY o Rl 3! Rém' e THizifth] SRy by uspended

fromthe top boomthro a suspension ca viCe is guided

and fixed hyeaeas%ftae\js;peembramphékeaﬁcﬁaf forg-ué ggmtEWfMﬁ I's
connected with the swvel table. The equi pnment conprfsSes an control” system
for the pi Gevidem(iheldevies Witlchd!duicitbed ietinafien) 10 iplentigedr ound and i's
separated fromthe pile-w ng-hole formng device.” Wth the construction

met hod andquiijlﬁeﬁm & sheWniinEpt 500, the actual |oad capacity and the
sedi ment ati on of each foundation pil e can be obtained, and all piles can be

nmade to have sPFpstGshowslan érbodhfient 6fthehAnantive &iiparst vehichthay,
t hereby the forned foundation will not present an uneven sedinentation to

thus si gni bodeatpile heléfoentingidévice ard ia pile brarich helesand/oe fotdele af t er

construction. In addition, wth the
bearing plate slot forming device. The equipment 1 includes a

submersible drill 3. The submersible drill comprises a drill rod 5, the drill

rod 5 is provided with a power unit 6 and a pump 6A. At the bottom of
drill rod there is provided a drill bit 7, and the drill rod is also provided
with one or more branch hole and/or force-bearing plate slot forming
devices 2.

Fig. 7 is another embodiment of the equipment in accordance with
the invention. The equipment comprises an spiral auger 8 which includes
a driving gear 9 at the top, a spiral blade and a drill rod 11. The drill rod
11 is further provided with one or more branch hole and/or force-
bearing plate slot forming device 2.

Fig. 8 is one form of the branch hole and/or force-bearing plate slot
forming device in the equipment of the invention. The device 2
comprises two compressing members 17 which can extend out
horizontally, as shown in Fig. 8. Between the two compressing members
there is provided an hydraulic cylinder 18 as the actuator, when the
hydraulic cylinder 18 extends out, the compressing members 17 can be
caused to extend out in a horizontal direction. The two compressing
members are also connected with one end of an vertical hydraulic
cylinder 19, when the hydraulic cylinder 19 extends out, the compressing

members 17 can be caused to compress the soil body downwards. The
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I nvention, the work | oad of foundation exploration before construction can
be reduced and the trial piling or pile |load testing before and after
construction can be reduced or made unnecessary. Thus, the construction
cost can be greatly decreased and the construction perlod shortened. Al so,

oroun 1 untOURIEEck s Rl BCEIR P SAfBIe of (EMAORHMIERRRA WERRD |

of bottom gnd surroundl ng soil of each pile can be learnt clearly to 13
design the pile foundatlon nore reasonably, thus the waste of nmaterials can

be greatly red ﬁﬂ C}W‘@&ﬁ%heﬂfura fofim’ GRHéBrafth e andror dYE _eover
met ho

according to t the 1nvention, since a pile branch

force-bear b@ﬁnﬁ lﬁte' slot ik éévﬁ:@ @sedihtheo f@qﬁgm’eﬂt‘iﬁ‘théed
- force-sustaini ng Iayer thus e advant ages of s wth branches/force-

bearing pl aesntici) Tige detrice? ﬁ{&lh&e@aﬁuﬂitér pijieOZSD'@ lurality bf fomrhirgs can

have the nmaxi mum | oad capacities and m ni mum sedi rrent ation in service life.

Only the adyeolandernsahdpin padsags @A drough whidls reinforcementirhgierisds and

subj ected to pressure, have been described above, but it is
can be put in are provided inside the pipe 29. The outer pipe has holes for

the forming mechanisms to extend out, and outside the outer pipe there is
provided a pump station connected with the hydraulic cylinders in the
forming mechanisms through oil lines (not shown). As shown in Fig. 10,
the forming mechanism is provided with a vértical driving rod 30 driven
by the above-mentioned hydraulic cylinder (not shown). The rod 30 is
hinged to an upper bow-type compressing arm 32 via a vertically
movable axle 31. The upper bow-type compressing arm 32 is hinged toa
lower branch plate 34 integral with a lower bow-type compressing arm
via a transversely movable axle 33. The bottom of the plate 34 is hinged
to a fixed lower axle 35, and the axle 35 is fixed relative to the outer pipe
39. The upper end of an upper branch plate 36 is hinged to an fixed upper
axle 37 which is fixed relative to the outer pipe 29. In Figs. 9 and 10,
only the left one (half) of the two sets of symmetrical forming
méchanisms is shown, and the right set is not shown in the figures since
it is identical to the left one. Naturally, one, three or more sets of
synchronous mechanisms can be provided as required. On the inner side
of the upper branch plate 36 there are provided guide plates 38, and a
free end 39 of the upper branch plate 36 is located at the connection point
of the upper bow-type compressing arm 32 and the transversely movable
axle 33. There are two guide plates 38 all together, there is a guide plate
on either side of the upper branch plate 36. The guide plates 38 extend
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noted that the invention can also apply to pile foundations, which are
subjected to tensile forces, and anti dunpi ng supporting structures; and can
uniformy resist floating-up forces, i.e. buildings only have relative
smal | uniform floating-up anobunt, or bending nonment, i.e. each pile in a

i o nceneapwieds T8 phae/ dioBibh B the uiDRE bidhch pRE e Bebffy D20

descri bed j ' | j ' ' | AWM ngs, in
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schemati c 3‘:‘% of the fTiITst sts g|g32\ g‘?lvt eﬁ%ﬁ%lﬁipggaﬁg@ﬁg f3o'rA%ioI e

f dati on dd® theeatid [ i $cjg ' ' f {dy\;% ond
s?gge of t egconstﬂrht%ctlodrﬁ?r%%l gﬁoy%l?epl g ouﬁ%ﬁ??gﬁwgﬁﬁcﬁeﬂl n Ir???on, and

Fi g. 1C is40 whith'abuts aghist the ifirerldidé @f%h@ggpg{é biARcHEplté B6ndn met hod

for pile foundation of The invention; Figs. are schematic views of

the first extepdsupwards. diceithaside wftthe lower bramch PlateBA thiereis a pile hole

and a pile branch hole and/or force-bearing plate stot are forned
si mil t aneopgedvided movdrmpoliAd lower branch plate 41 the bottom of which is

hinged to the fixed lower axle 35. The compound lower branch plate 41

is provided with a limit stop 43 at the free end 42 thereof, and on the
inner side of the upper bow-type compressing arm 32 there is provided a
pressing block 44. Fig. 9 shows the mechanism in an extended state, and
Fig. 10 showed an retracted state. As shown in Fig. 11, fhe forming
device 2 further includes four retaining boards 45 (there are two retaining
boards on each side) which are arranged on the two sides of the upper |
branch plate 36 respectively. When guide arms 46 at the lower end of the
upper branch plate 36, which are on the inner side of the retaining
plates 45, are inserted in advance, it is impossible for the uncompressed
original soil 48 within the effective width 47 of the branch plate to
collapse towards the spaces of the finished hole on both sides, and the
upper branch slide plate 40 effectively prevent the soil body above the
upper branch plate 36 from collapsing downwards, thus the soil body
below the branch force-bearing plate is compactly compressed. The
advantages of above-mentioned device lie in that the rising of the whole
device occurred during the construction of the pile branch hole and/or
force-bearing plate slot, and the defects of the finished cavity such as
having an irregular shape and being east to collapse, can be avoided.

Fig. 12 is the fourth form of the pile branch hole and/or force-

bearing plate slot forming device. The device 2 has a similar structure to
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the three different construction stages; Figs. 3A-3C are schematic views of
t he second enbodi nent in accordance with the invention, by which a pile

hol e and a pile branch hole and/or force-bearing plate slot are forned

si mul t aneously, showing the three different construction stages; Figs.

4A-4C ar e geReRBWitin FRYSLO)ithé ediffirefcd 1es ¢h TBAK theu 81&?1&16.“ the

i nvention, by which a pfle’hole and a pile branch hol'e and/or force-bearing

pl ate sl ot jpfife devicedhowivid F .Ql(FiS»’pre%B@d\’bﬁﬂﬁfrl‘»tr, afdthehthelowepnst ruction
stages; Figs. 5A-5C are schematic views of the fourth enbodi nent in

accor dancebydridh plate, sohiidévice of Pib! t0 igsaithblenfirehe Method sovpi ach hol e

and/ or force-bearing plate slot are fornmed sinultaneously, show ng three

di fferent F%‘%@Ké device! 2geowniinFigh lilsis%l_ﬁﬁgﬁilﬁﬂbd with the uppee ahdr st
0

enbodi ment t he equi pnent in accordance with the invention, which has
both the pldwehbianchoplatexgS0iey], dsutatheytare ppedsedasutsimuitineoasly,or

force-bearing plate slot form ng device;

therefore it is suitable for the method shown in Fig. 4. The device 2
shown in Fig. 12 is further provided with an upper bow-type
compressing arm 52 and a lower bow-type compressing arm 53, the
upper bow-type compressing arm 52 is integrally connected with the
upper branch plate 50, and the lower bow-type compressing arm-53 is

~ integrally connected with the lower branch plate 51. The top of the upper
bow-type compressing arm 52 is hinged to the vertical rod 54 which is
driven by a hydraulic cylinder as an actuator. The other end of the upper
bow-type compressing arm 52 is hinged to the lower bow-type
compressing arm 53, the other end of the lower bow-type compressing
arm 53 is hinged to the outer pipe 55. The outer pipe 55 has holes for the
above-mentioned mechanisms to extend out. Fig. 13 shows the retracted
state of the device.

The above-mentioned compression forming device can be provided
with a plurality of compressing plates or members disposed
circumferentially, thereby a force-bearing plate can be formed by one to
two operations during construction.

Fig. 14 shows another pile branch hole and/or force-bearing plate
slot forming device 2 in the equipment of the invention. The device
includes an outer sleeve 62 inside which there are provided two pairs of
bow-type compressing arms. Each pair of bow-type compressing arms
includes an upper bow-type compressing arm 63 and a 1ower bow-type

compressing arm 64. The top of the upper bow-type compressing arm 63
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Fig. 7 is a schematic view of the second embodi nent of the equipnent in
accordance with the invention, which has both the pile hole form ng device
and a pile branch hole and/or force-bearing plate slot form ng device; Fig.
8 is a schematic view of the first enbodi nent of the branch hol e and/or

- force-bearj t Sin | Rignisar ﬂ#éeb@gympcgpﬂie | dance with

the i nventiistr)l%,n%\%maitgr?s%as ébdg{r% l’?ﬁe pI I%ﬁhﬂde ormng devi c‘h and the pile
branch hol S{p’é’@ﬂrﬁpréséh’fgaﬁﬁ% Miﬂg%ﬂ&o%h@tlo%i'w béﬁiprESﬁng9 IS a
schematic view of "the second enbodinent of the branch hol e "and/ or

force- bear arif 4. At BoRdnd 6f tHeloweVbER-19beldiinSressigeaim 64 ikS

accordance with the invention, which has"both the pile hole form ng device

1 15 7 om0t 0 e e s

devi ce shotheretis pr@vided a cylinder 67 as an actuator inside which there are
provided an upper piston 68 and a lower piston 69. The upper piston 68
is rigidly connected to the connecting member 66 through a piston rod 70,
and the lower piston 69 is rigidly connected to the connecting me_mber 65
through a piston rod 71. In the wall of the hydraulic cylinder 67 there are
formed a fluid passage mouth 72 in the middle, a fluid passage mouth 73
at the bottom, and a fluid passage mouth 74 at the top. In the initial state,
i.e. the state shown by dash-and-dot lines in the figure, the bow-type
compressing arms of the equipment are in a retracted state, and the two
pistons 68 and 69 in the cylinder 67 are located at the intermediate
position in the cylinder. When the bow-type compressing arms are to be
pressed out, oil is provided to the mouth 72 of the hydraulic cylinder by
means of a pump, and oil passes through the mouths 73 and 74. Thus, the
upper piston 68 rises gradually to move the piston rod 70 upwards,
thereby moving the connecting member 66 upwards; and the lower piston
69 descends gradually to move the piston rod 71 downwards, thereby
moving the connecting member 65 downwards. Since the upper and
lower bow-type compressing arms 63 and 64 are of the same length and
the pistons 68 and 69 in the hydraulic cylinder are also disposed
oppositely and symmetrically, the connecting member 65 and 66 will
move simultaneously to cause the hinged points of the upper and lower
bow-type compressing arms to move linearly in a horizontal direction,
with the result that an isosceles triangle-like branch hole can be formed |

by compression in a horizontal direction, and a force-bearing plate slot of
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Fig. 11 is a schematic plan view showing the working state of the form ng
device shown in Fig. 9; Fig. 12 is a schematic view of the fourth -
enbodi ment of the branch hole and/or force-bearing plate slot form ng
devi ce of the equipnent in accordance with the invention; Fig. 13 is a

schemati c i b F8rth ?é,eéfaﬂ%ﬂ s Pﬁ ' shown in
Fig. 12. F?Wl%}ﬂgéa scﬁg tYc vi e%%@ﬁﬁ? gﬁc%%{g] rrggtﬁig)?fét he branch
hol e and/ o heRES éllnfﬁ? ] ice of the equipnent in .
accor danceﬁa;,t&;&ﬂe | ntg%?‘?@?@% g. §55Q1|V1 a S?rﬂétbect i ve view of anot her

speci al equi pm@tsﬁmmvﬁ%amean@th& %ﬁ?ihﬁé’cﬁﬂbh%ﬁt Pi &F thGnvenfion

perspective view of the control syste or the“branch hole formng device

of the equioHRiHscs GAERSHAREENNINGzddO0; M ARIVMabIE Bi drdoRRSET | PLi on of

the Preferred Enbodi ment's The consttuction nethod of pile foundation, as
the concr egysteid 93 $or tiss pile branch hotd fermimt dedceandedrivesstdab@2 conpri ses

the following steps: first, carrying out a geol ogical prospecting to the

ound o pomimeon trgaryudic sty wboan S bttt e e

t he geol ogcoahected with the swivel table 91, and a branch hole and/or force-
bearing plate slot forming device 2’ is suspended from the top of the
boom through a suspension cable. The device 2’ is guided and fixed by a
gripper block 95, and the rear end of the gripper block 95 is connected
with the swivel table 91. The control system 93 of the pile branch hole
forming device is substantially the same as the control system 73’ of the
pile branch hole forming device shown in Fig. 16 (which will be
described later), only the former is positioned on the travellable special
equipment 1’ of the invention, while the latter is positioned on the
ground and separated from the branch hole and/or force-bearing plate
slot forming device.

As shown in Fig. 16, the control system for the pile wing hole
forming device in the equipment can also be a control system 73°, which
is positioned on the ground, for the above-mentioned pile wing hole
forming device. The system 73’ includes a hydraulic system 76 and a
computer monitoring system 87. The hydraulic system 76 comprises a
hydraulic pressure display.

The computer monitoring system 87 includes a data processing unit
which converts the relevant signals into digital signals and carry out
operations on the relevant digital signals, a display and a memory for the
various digital signals, an operation keyboard, a image display system

showing the actual forming situations of the pile hole and the pile wing
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conditions; on the basis of the results of the geol ogical prospecting,

determ ning prelimnary the nunber, |ength, dianeter and position of the
pile as well as the nunber, length, diameter and position of the w ngs of
16 a pile, drilling dowwards to a prescribed depth at a pile position

by means Oﬁoféﬁ'{dh?xﬂﬁeﬂacm ne to forma pile hole as shown in Fig. 1A
thereafter, putting a pile wing hole formng device into the pile hole to

conpress the SOiAs%ﬂé’oegiyedeﬁ'BﬁlFi .tr@,_tablc%mw%ﬂ%eliﬁcﬁﬂeaiiﬁ&héevi ce at the

prelimnary determ ne e W ng position, e conpression nechanismin the

device |s compasiionitoriny Syiei8 P astpride i EBfittbl'boafd 7B whidh o {he

coefficient of friction resi'stance can be obtained in accordance with the

val ue on tfiereisdisposedatesybourd 19) e displ£3280 Pén dadRy amptidiet 81, ker the soil

| ayer at that |evel is suitable for constructing a pile wing; and if the

soi | | ayerirhagé display 82 shving theadctdghfarminhg dituationsict the pilkehold e wing at
that | evel can be net by adjusting the level "or the size of the pile w ng

ot Ll s Dot B3 pl i i
device.

The image display system 82 is a night-vision observation system
which can detect the quality of a dry hole. The system includes a color
videocamera capable of taking pictures, a monitor for showing the
pictures taken by the videocamera, a sealed container for receiving the
videocamera and the power source, an observation head, a light source
for picture-taking and a video recorder. The observation head includes a
horizontal observation head for observing the hole wall and a vertical
observation head for observing the hole bottom (not shown).

The image display system includes an ultrasonic scanner (not shown)
for detecting the quality of a wet hole.

The computer monitoring system includes an unit (not shown) for

controlling the manipulation of the pile wing hole forming device.
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of the pile wing refers to detecting by conpression the soil layer in the
vicinity of the soft soil |ayer by neans of the pile-w ng-hole formng
device until a required force-sustaining |layer is found, and then formng
the pile wing holes of the required nunber or size at the soil |ayer
~determned in the above-nentioned manner. |If the soil |ayer satisfies the
requi rements, the prelimnary determned pile wing holes can be directly

construct e%,ﬁﬁq t ribed pile wing holes (that is, pile branch hol es
and/ or force-be réli léﬂ%ﬁsg plate slots) can be forned in above manner in the

pil e holes. Then &%Fﬁplﬁ lf]ﬂq%lﬂl]. 'anmgé‘u s c% mngo
exam ne the qugl‘lAté/ 0 ied prie %‘lﬁgﬁlﬁ es an ’?ﬂ)éﬂﬁfal??l%t’f%t € pl hol e.
As shown igleicg. 1C, prestressed reinforcing steels are then inserted and
concrete i S poured. Wien the concrete attain a certain strength, the

Erbodi mont of - PhG 3T ot 38 bR R MERIER0RHA 0 EBRerallFlea’ | Li1e
hol e and piﬁ@c@ﬁﬁ%s@ﬁ%%bé@lﬂeﬁgf;t@? gfourld and d¥Réhiting tAé SiZe 6f () are

formed sinmultaneously, i1nclu oW ng
the piles and the preliminary size and position of the pile wings ;

b) Forming a pile hole to a prescribed depth in the ground according
to the pile size derived from said exploration;

c¢) Obtaining the actual mechanical properties of the soil body in the
vicinity of said preliminary position by exploring the soil body of the pile
hole wall in the vicinity of the preliminary position of said pile wings by
means of pile-wing-hole forming device, thereby determining the final
size and final position of the pile wings;

d) compressing , according to said final size of the pile wings, the
soil body of pile hole wall at said final position of the pile wings by
means of the pile-wing-hole forming device, thereby forming the pile
wing hole;

e) Pouring concrete into the finished pile hole and pile wing hole to
form a concrete pile;

f) Constructing other piles in the pile structure according to the
above-mentioned steps, thereby forming a pile structure composed of a
plurality of concrete piles.

2. The construction method as claimed in Claim 1, wherein in said
step c), in the case that the mechanical properties of the soil body at said
preliminary position are poor, moving the pile-wing-hole forming device
along the pile hole wall to continue the exploration of the soil body of the

hole wall until a required soil layer is found, and using the position of
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steps: formng a pile hole using the equipnment 1 of the invention, as shown
in Fig. 2A, the equi pnent conprises a branch hole and/or force- bearing
plate slot form ng device 2 and a drilling device 3, the pile wing hole
form ng device 2 is-connected with a pressure bar (not shown), and the

o v oo S BB e b ) RG0SR PO i >
(he!top ot ned i cpPeRiEH Bkt il bl nhein BALSBHA . "C1L

soi | body gj: ngb wnwards in a inclined direction to forma
branch hol glggg%ér]ﬁilgrce- }é%?i ng plate slot, as shown in Fig. 2C. The

b h hol / f x [ : | : th
mvont i ve. equi Sene CPESFUCABH AEIREALoRibbd AT Pilifefl i gid"T0C 1 Ne
nvent i ST . he
[ nvent i ve. i) GYTRIthd Sadd fHat tha!ncktiaficdl Htopbifed of d plBRANSRT o0 The

second enb e nethod 1 n accor e I'nvention, by which

a pile sha ithén ?]fslibﬁ I - ' dt e
slot(s) ar ie)b?g?tnggﬁgﬁrrfﬁ?tanégg S yaﬁﬁggggﬁﬂgh?%%%%gﬁngp@@%rm ng a
pil e hol e ysjlngyéids SRURIEPGsifibnidFa bﬁrﬁ%dn‘i’dlnr%tﬁﬂ’e HHEPBaDin S4dPT i ses a
branch hol e and/ or force-bearing plate sl formng device 2 and a drilling

device 3, &iep d), formingalpileewing Witl9a size larger than the corresponding

preliminary size at said position.

5. The construction method as claimed in Claim 1 wherein in said
step c), in the case that the mechanical properties of the explored soil
body at said preliminary position are poor, still using the position of said
soil layer as the final position of a corresponding pile wing; but in step d),
forming a plurality of pil'e wings having the corresponding preliminary
size in the area of said soil layer, the number of which is larger than the
preliminary determined number of the pile wings at said position.

6. The construction method as claimed in Claim 1 or 4, wherein said
pile wings are pile fdrce-bearing plates and/or pile branches.

7. The construction method as claimed in claim 1, wherein said
mechanical properties of soil body are the compressive mechanical
properties of soil body . .

8. The construction method as claimed in Claim 1, wherein said
mechanical properties of soil body comprise the friction resistance
coefficient of soil body.

9. The construction method as claimed in Claim 1, wherein in said
step c), the mechanical properties of soil body are determined by means
of sensors.

10. The construction method as claimed in Claim 1, wherein after
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device 2 is connected with a pressure bar (not shown), and the pressure bar
IS connected with a pressure gauge (not shown) on the ground, as shown in
Fig. 3A; at the sane tine to formthe pile hole or after the pile hole has
been fornmed, form ng the pile branch hol e(s) and/or force- bearing plate

31 mul + ancot BTE Hol: B e Bihe noTeR g, BufiloleuERES Befiplor " ©°
ol o( ) or 1 ReehBint e fle e P UelecPhs tyality bERAR Rllg oo BRIt 7,

3C after CQAR é@gﬁ on. The third enbodi mrent of the nethod in accordance with
the i nvention y Which a pile hole and pile branch hol e(s) and/or force-

bearing plate F | owi ng
St eps: formngf!ﬁ?‘%)cr’@‘s F@E’ﬁ?ﬂﬁ%*ﬁ%?&%%ﬁtc'fﬁ‘ﬁw nahERin B PLCR o

\é\gl/?gecgngghfgﬁdrlo%l ng device gﬂlé&;}e pi ??ﬁglﬁg\%orh ngél%%a'l\(i/l{y(;neng is

Connect 5 WS ERRUIRBPs CRFEOA) atd drEnEETm 2 1
observation system.

12. The construction method as claimed in Claim 10, Wherein for
the pile hole and pile wing holes in which there is slurry, the quality
detection of said holes is carried out by means of an ultrasonic scanner.

13. The construction method as claimed in Claim 1, wherein after
concrete has been poured into the pile hole and pile wing holes, when
said concrete attains a certain strength, the quality of the pile and pile
wings is detected by means of an ultrasonic detector.

14. The construction method as claimed in Claim 1, wherein in said
Step c), the final size and position of pile wings are calculated by means
of a computer system.

15. The construction method as claimed in Claim 1, wherein during
construction, the manipulation of the pile-wing-hole forming device is
controlled by a computer system.

16. The construction method as claimed in Claim 1, wherein during
construction, the measured values of mechanical properties of soil body
and the signals associated with the quality, size and position of the
formed pile and pile wings are converted into digital signals and stored in
the computer system.

17. The construction method as claimed in Claim 11 or 12, wherein
the actual forming condition of said pipe hole and pile wing holes are

displayed through an image display so as to facilitate monitoring.
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shown in Fig. 4A; during the process of formng the pile hole or after the
pil e hol e has been forned, form ng the branch hol e(s) and/or force- bearing
plate slot(s) by conpressing the soil body in an inclined direction by
means of the branch hole and/or force-bearing plate slot form ng device 2,

as shown in Figg ’gﬁ?c&&rﬂ%&ﬁ‘i‘néﬂtﬁﬁ%ﬁ&amed iff CRAAY t\&ﬁelfélﬁc state after

conpr essi on; and er conpression, ate shown i w il be

obt ai ned. amf&ﬂﬁ?% with the

i nvention, E&é 61\/\% (%B pi'le ho “%85%@5 g%}al?lgﬁrctﬁabﬁ é; anggor force-
beari ng pI %&l@kﬂt(s) are formed sinmultaneously, i ncI udes the follow ng
steps: formng the pile hole using the equipnent 1 of the invention which

conprises a br g9Cih8ebasAuEfioh rhethiedt edaimedih s Diwhefeihng devi ce 2
and a drilling device 3, the pile wing hole form ng device 2 is connected

with a pr eprestesbéd réinforcing Wivels arslirnsepted vsbre polifihg corpergandd with a

pressure gauge (not shown) ©on the ground, as shown in F| g. 5A7 duri ng the

rocess o ispruessabriniontnl ot e phersasmamitor et e
~ hori zont al coheretd attairisecehin stierigth. pil e hol e, as shown in Fig. 5B; 19

20. The construction method as claimed in Claim 1, wherein in said
step e), said pouring of concrete is conducted by a tremie method, a
series tube method and a pumped concrete method.

21. The construction method as claimed in Claim 1, wherein in said
step b), said pile hole is formed by a positive circulation method, a
counter circulation method, an spiral auger drilling method, an jet soil-
flushing method, a manual hole-digging method, dipper or grab bucket
soil-rémoving method, sleeve-driven and soil-squeezing method, or a
hammering-punching method.

22. The construction method as claimed in Claim 1, wherein in said
step b), said pile hole is formed as such that a pilot hole is formed at the
pile position; a guard tube is lowered into the pilot hole; an impact
hammer is used to impact the ground along the guard tube to form a hole;
thereafter the guard tube is lift out, and then loosened earth bucket is put
in.

23. The construction method as claimed in Claim 1, wherein in said
step b), said pile hole is formed by an spiral auger drilling method, and
said step d) is accomplished as follows, according to design requirements,
the soil layer at the end of the force-bearing plate in an intermediate pile

wing is hammered to consolidate in layers; after the loosened soil bucket

is put onto the hole bottom, a pile-wing-hole forming device is put into
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thereafter,

conpressing the soil body downwards fromthe horizontal slot 4 by neans
the specific branch hole and/or force-bearing plate slot form ng device 2
(the device will be described hereinafter) of the inventive equipnent 1
shown in
whi ch has

Subror si bi I REeFy Ut SiclodsPhdd SBUICKER s BRodte) RIRTA rostbrdifg °,

drill
drill

r od
r od

"R B s 015 PHOnT cBERIB ot T Kfiso R BRaA

dtéapﬂ%/bgﬁgﬂbfm@gﬂemr unit 6 and a punp 6A. At the botto

ereis provided a drill bit 7, and the drill rod is also

provided with 9peTRE coRsGubtioA ihethRIPasdldied i CRIREZ3, WheRtlifsaid ! ot

formng devices 2. Fig. 7 is another enbodi nent of the ‘equi pnent in

accor dancestnt ) inetudeyelearing uplthe RodeRod 8bilwThE hoté battosk) tha

whi ch includes "a driving gear at the top, a spiral blade and a arill

11. The drthd drilibit is hiadettotidis aptivindtdl depth wnél e preseribednch hol e

and/ or force- bearing plate slot form ng device 2.

requirement is satisfied; and in said step d) the pile wing holes are
formed as such: according to the design level, compression and
expansion signs for the pile wings are marked in the conspicuous
positions on the upper and lower sections of the pile-wing-hole forming
device, and the pile wings are formed through compression and |
expansion in the order from top to bottom; and after the loosened soil
bucket is lift out, the force-bearing plate slot at the hole bottom of the
pile wings is formed.

25. The construction method as claimed in Claim 1, wherein in said
step b), said pile hole is formed by a slurry wainscot drilling method, and
said step d) is proceeded as such: the pile-wing-hole forming device is
slinged, and then slowly lowered into the pile hole after the pile-wing-
hole forming device substantially stops sway or rotation; while said
device is being putting in, an oil supply pipe and an oil return pipe are
locked by special oil pipe clips at 3~5m intervals on a coupling tube of
the upper and lower sections of the pile-wing-hole forming device; depth
size is marked on the coupling tube of the upper and lower sections of
the pile-wing-hole forming device; and according to the required levels,
the pile wing holes are formed through compression in a prescribed
order.

26. The construction method as claimed in Claim 1, wherein after

said step e) is carried out, slurry is injected under pressure onto the pile

form ng branch hol e(s) and/or force bearing plate slot(s) by.

of

, as

m of

t ifauger 8

r od
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Fig. 8 is one formof the branch hole and/or force-bearing plate slot
formng device in the equi pnment of the invention. The device 2 conprises
two conpressing nenbers 17 which can extend out horizontally, as shown in
Fig. 8. Between the two conpressing nenbers there is provided an hydraulic

cylinder 1 : | 4 'Hﬁﬁ t ends out,

t he comregﬁgbﬁesgﬁgﬁlg%&ebggn %ggssgﬁlgﬁe%(ﬁéﬁkgut ﬁ&% ori zont al
direction. | cted with one end of
an verticaI(‘Bﬂig/c’d]rﬂglgﬁeictcﬂ cylin erng?@%‘zdﬂ’ﬁéﬁﬁ?‘gu I'c cylinder 19 extends
out, the conprogsihg dBishRictioh metiod &s ERlARE IPCEAMP 1 Soheldi the! |  body

downwar ds. The 20 formng device 2 1s particularly Suitable for the

net hod il | ahplebevédh &i@colﬁgré%isgon aiﬁeﬁolﬁcbfssi%@&/gil%ewiﬁ@ hold andtké the

branch hol e and/or force- bearing plate slot form ng device used in the

Bl Bl Ty R B ok A hrbugh which
rei nforcement ARt hedGhstruction method as claimed in Claim 1, wherein said
pile wing holes are formed by compressing the surrounding soil body of
the pile hole wall in the direction parallel to the pile hole axis.

29. The construction method as claimed in Claim 1, wherein, firstly,
a first cavity of a pile wing hole is formed by compressing the soil body
in the first prescribed area at the selected position of the pile hole wall
upwards in a direction inclined relative to the pile shaft hole axis, and
then a second cavity of the pile wing hole is formed by compressing the
soil body in the second prescribed area at said selected position of the -
pile hole wall downwards in a direction inclined relative to the pile hole
axis, said first cavity and second cavity jointly constitute the pile wing
hole .

30. The construction method as claimed in Claim 1, wherein a first
cavity of a pile wing hole is formed by compressing the soil body in a
first prescribed area at a selected position of the pile hole wall upwards in
a direction inclined relative to the pile hole axis, and at the same time, a
second cavity of the pile wing hole is formed by compressing the soil
body in a second prescribed area at said selected position of the pile hole
wall downwards in a direction inclined relative to the pile hole axis, said
first cavity and second cavity jointly constitute the pile wing hole.

31. The construction method as claimed in Claim 1, wherein said
pile wing hole is formed by only compressing the soil body in a
prescribed area at a selected position of the pile hole wall downwards in

L
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can be put in are provided inside the pipe 29. The outer pipe has holes for
the form ng nmechanisns to extend out, and outside the outer pipe there is
provi ded a punp station connected with the hydraulic cylinders in the

form ng nechani snms through oil lines (not shown). As shown in Fig. 10, the

form ng ne | i [ « WM L § riving rod 30 driven by the
above-mnt?%ﬁ@yﬁgwgr@ﬁi}ogjgpﬁﬁgﬁéghﬁ . The rod 30 is hinged to an
upper bow-type \ ' HGAl M4 I 1, The
ibber bow typeSSomne SRRsRACALT mgHtP R ublIR CHIETL Pherdl: firskia 2.

integral w : | : ; novabl e
I g %gﬂggn{awaw@qmyapgggﬁ?@é I%S&ﬁ‘hdiﬂx ilcoady iR prescib,

axl e 33. ttomof“the p I nged to a fi"xed Fower axle 35, and

t he axl e 35pdsSatfd | st di t : hie : f an
upper br anéﬁéa;?tadf iélg%&?sﬁﬁﬁr@ggﬁtgejﬁ%geedwggb2138 g)%%ig ﬁ%’,&? E%P‘clﬁaﬁlsg) fixed

relative t gofl odyuéLthepidehdfe wall locdfed Beldir sdid cavity id E6mpeédsedne (hal )
f syr?rcg | f h

of the two sets trica orm ng nechanisns 1s “shown, “and the right

set is not dehaiwards ihRedire@li6R pasallélaol theigild Sieift hoté aiz toforhedte one.
Naturally, one, three or nore Sets of synchronous mechani snms can be

provi ded apiléathgﬁdle,(]‘l the inner side of the upper branch plate 36 there
are provided guide plates 38, and a free end 39 of the upper branch plate

33 in TR e consctippmthd sebed nChitpl e coro ssing
wherein during the forming process of a pile wing hole, reinforcement
material for the pile wing is injected.

34. The construction method as claimed in Claim 1, wherein part of
pile body material is poured during the forming process of the pile wing
hole, and the other part is poured after said process; the pile hole wall is
protected through a wall-protection fluid.

35. The construction method as claimed in Claim 1, wherein said
wall-protection fluid is cement slurry, the cement slurry is injected into
the pile hole as the pile hole forming device is lifted after the pile hole
has been formed by means of the pile hole forming device, until a
position in the pile hole where no collapse will occur; after the pile wing
holes are formed, a slurry-supplementing tube is inserted to the pile hole
bottom and, aggregate is put in at the same time; and then cement slurry
is pressed under high pressure into the pile hole through the opening at
the bottom of the slurry-supplementing tube via the slurry-supplementing
tube until entire pile hole is filled up.

36. The construction method as claimed in Claim 1, wherein the pile
body material is poured into the pile hole and pile wing holes after the

pile wing holes are formed.

37. The construction method as claimed in Claim 1, wherein said
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.downwards in the plane direction of the upper branch pl at
end 39 of the upper branch plate 36, on the extensions thereo ere are

formed gui t - hi nged
o the brahager ol Bole i Aordied 7 chiBRabaath TRKAM Sl M e 088 0 Wi ch
but i  hRSSi1S| - branch plate 36 and extends
pvar do. . on e QETIEROR Boirg e | TTole 54 Chere i's provi ded a
corpound | O‘NerBB.r"mE*bd?ﬂsﬁ‘rlilgtilﬁﬁ rh@ﬁlb&Péé ﬁlﬂgﬂfed"ﬁh'efhihﬁl,%ﬁﬁéintﬁi&he fixed

| oner axle 35. The conpou ower branc ate 41 Is provided with a limt
stop 43 at gilleew{ﬂgﬁomé formcdb e ebmpression ihttPan Rpial hbf@eﬂfenﬂh%upp_er
bowtype conpressing arm 32 there 1S provided a pressing bl ock . Fig. 9
shows the ghspihepile holdagis ended state, and Fig. 10 showed an retracted
state. As shown.in Fig. 1 1, the form ng device 2 further includes four

retaini ng boar 89, The(domtraction methdkaschiinedigaClHnn b, wheteiti gédd which are
arranged on the two sides of the upper

pile wing hole is formed during the process of lifting out the pile hole

axl e 33. There are two guide plates 38 all together, th@hiesﬁestfhsgﬂyhﬂelapddate

on either side of the upper branch plate 36. The guide pllmﬂﬁum mlmf 21
free

forming device after the pile hole has been formed.

40. The construction method as claimed in Claim 1, wherein said
finished pile is a neat concrete pile.

41. The construction method as claimed in Claim 1, wherein said
piles are arranged in rows to form a support and guard pile structure.

42. The construction method as claimed in Claimed 41, wherein the
tops of the piles in said support and guard pile structure are connected
through a connecting beam and the pile wings formed on individual
piles.

43. A special equipment for carrying out the method as claimed in
Claim 1, wherein said equipment comprises a pile-wing-hole forming
device, and on said device there is provided a detector for detecting the
mechanical properties of soil body of the ground when forming a pile
wing hole with the device.

44, The method as claimed in Claim 43, wherein said detector is a
Sensor.

45. The method as claimed in Claim 44, wherein said sensor
comprises a pressure head, said pressure head is connected to an
actuating hydraulic cylinder, and said actuating hydraulic cylinder is
connected to a pressure display.

46. The method as claimed in Claim 41, wherein said detector is a
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branch plate 36 respectively. Wien guide arns 46 at the
upper branch plate 36, which are on the inner side of the
45, are inserted in advance, it is inpossible for the unc

soil 48 within the effective wwdth 47 of the branch plate to coIIapse

Si1 de. pl ar SCRBAGEARSrrbitRy ff%f&@%‘ﬁ?ﬂ?ﬁ%%%%ﬁbﬁeﬁ‘%ﬁveﬂﬁ% By nch
pl ate 36 fromg?lm@ Shétlod Hed nrlbﬂﬁuﬁhﬂ g\gan‘gég‘i yféé}& branch

f orce-bearing te i's conpactly conpressed.

above- rrentﬁﬁﬂ%}é{ﬁﬁ?ﬁgeé L& ﬁa@?ﬁ‘%?ﬁ%ﬁﬁuﬂﬂ e ang%mqb?nﬁﬁ I ce occurred

during the construction of /or force earlng pl at e

slot, and §ogicdesfdsy sfgmtdib?n 1*1§ESS£' deailid unitusid agohiptitep an irregul ar

naI

shape and being’ east to col be avoided. Fig. 12 1s the fourth
form of t hggitcring spstend10! e and/or force- bearing plate slot formng
device. The device 2 has a simlar structure to 22 that shown in Fig.

1 15 18T et cohinag i el i o
comprises a hydraulic pressure display.

49. The method as claimed in Claim 47, wherein said computer
monitoring system comprises a data processing unit for converting
relevant signals into digital signals and carrying out operations on the
relevant signals, a display and a memory for the various digital signals,
an operation keyboard, and an image display system for showing the
actual forming conditions of a pile hole and pile wing holes.

50. The method as claimed in Claim 49, wherein said computer
monitoring system comprises an control panel, and on said control panel
there are provided a keyboard, a display, an audio amplifier, an image
display showing the actual forming conditions of a pile hole and pile
wing holes, a control rod for the pile-wing-hole forming device, and a
printer.

5.1. The method as claimed in Claim 49, wherein said image display
system is a night-vision observation system capable of detecting the
forming quality of a dry hole, and said system comprises a color
videocamera capable of taking pictures, a monitor for showing the
pictures taken by the videocamera, a sealed sleeve for receiving said
videocamera and a power source, an observation head, a light source for
picture-taking, and a video recorder.

52. The method as claimed in Claim 51, wherein said observation

head compnses a horlzontal observation head for observing the hole wall

B L L v




| ower branch plates 50, 51, but they are pressed out sinult

therefore it is suitable for the method shown in Fig. 4. Th :

in Fig. 12aﬁtgaf\}€r{it!§f oBS&Vhl6H H@ahrfo?@yée{\ﬁhg*}% fiONPr essi ng arm 52
and a | ower bow1ype conpressing arm 53, e®upper bowt ype conpressing arm

52 is integralky m&%@&h@@ﬂé}ﬁirﬁ@& iH'TFl mARRERe &M%Wﬁ})%?yl ower

bowtype conpressing arm Integrally cornecte branch

Verti cal S EhFEpiriEE afiltas oY SouRef HIORRLIRG B Ponting e o * The

ot her end gfatdi& lpleer bowtype conpressing arm52 is hinged to the |ower
bowtype conpressing arm 53, the other end of the |ower bowtype
conpr essi ng ar §2 5Bhé méthddass ¢1ithed iR \ClaimPi RavRereid Bideémpubéde 55 has

hol es for the above-nentioned nmechanisms to extend out. Fig: 13 shows the
retracted gicHifordlg sPstefie¥oRprists analsiY foFeaitrollf: fep&ation’of tHen N9
device can be provided with a plurality of conpressing plates or nenbers

di sposed cpﬂe:.wilg.hmé fdﬂmingtdtwieéy a force-bearing plate can be forned by
one to two operations during construction.

55. The method as claimed in Claim 45, wherein said pile-wing-hole

branch plate, so the device of Fig. 10 is suitable for theqge sho L n
Fig. 3. The device 2 shown in Fig. 11 is also provided with ﬂg&glas%ﬂ'vﬁm

forming device is of a hydraulically actuated type which comprises a
bow-type compression mechanism for forming the pile wing holes, the
extending portion of said bow-type compressioﬁ mechanism constitutes
the pressure head for said detector.

56. The method as claimed in Claim 43, wherein said detector is a
detecting instrument for the friction resistance properties of the soil
body.

57. The method as claimed in Claim 43 or 45, wherein said pile-
wing-hole forming device comprises a pile-wing-hole forming
mechanism, the mechanism includes a first bow-type compressing arm
and a second bow-type compressing arm, the ends of said first bow-type
compressing arm and second bow-type compressing arm are hinged to
each other, the other end of the first bow-type compressing arm is hinged
to a first connecting member and the other end of the second bow-type
compfessing arm is hinged to a second connecting member; said first
connecting member is rigidly connected to the end of a piston rod of an
actuating hydraulic cylinder, and said second connecting member is
rigidly connected to the end of the other piston rod of said actuating
hydraulic cylinder; said two piston rods are disposed coaxially and move
oppositely while working; and said actuating hydraulic cylinder includes
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Fig. 14 shows another pile branch hole and/or force-beari PebHas BebnHeplaced
formng device 2 in the equipnent of the invention. The de an
outer sleeve 62 inside which there are provided two pairs mﬂﬂ
conpressing arns. Each pair of bowtype conpressing arns includes er

? g\pl)v- E)]the hg%gggﬁklg\% %@e@oﬁﬂ%@%‘# }cﬁ%ﬁéflﬁ&&{%ﬁaﬁ%ﬂ&r 3: ;'gjelg,etagma64. The
connecting

. bot: . 5Si
63 1'a. hi ngCHPRRTEeRhiEotkifey SHUNE bido il B ARV AMARIIS D 1D 7
I b ; ' : i d ' mber 66.
A?V\?Le ?&Ewmt8ﬁ§k%&h% is connected to a connecting menber

e outer sleeve there is provided a cylinder 67 as an

actuator insid ' : | : | _a | ower
P ston 6o Thessh e iRk SeRiBeE th CRIAMI BP 35, kel SdTite R | P

menber 66 Pinth rofPi b Swiniogi dl y '
connect ed ?@hgﬁgs]g?r?pectgggbﬁ%rggppg@g?h OH%;%YQ %ﬂljs?%%rl?ggd%?vhlgn the wal |
of the hydhaw f&'rﬁﬂig Méehafisnd, M sésff ﬁl%@l@f&ﬁﬁh@ PeeRAUS R N 72 in
the mddle, a fluid passage nouth 73

arranged at intervals along the longitudinal and/or transverse directions

of the equipment.

59 The method as claimed in Claim 43 or 45, wherein said pile-
wing-hole forming device comprises a plurality of sets of pile-wing-hole
forming mechanism, said sets of pile-wing-hole forming mechanism are
arranged symmetrically relative to the longitudinal axis of the equipment.

60. The method as claimed in Claim 43 or 45, wherein said
equipment comprises a pile hole forming device, said pile-wing-hole
forming device is provided on said pile hole forming device.

61. The method as inclined in Claim 43, 45 or 60, wherein said pile-
wing-hole forming device comprises a main support member on which
there is fixed an driving gear and, and said de\}ice further comprise a
pile-wing-hole forming mechanism, said mechanism includes a first bow-
type compressing arm and a second bow-type compressing arm, one end
of said first bow-type compressing arm is hinged to a driving rod driven
by said driving gear, and the other and of said first bow-type
compressing arm is hinged to one end of the second bow-type
compressing arm, the other end of the second bow-type compressing arm
is hinged to a first fixed member, the first fixed member is on one side of
the hinge point of the first bow-type compressing arm and the driving rod
and is on one side of the moving axis of the hinge point of the first and

second bow-type compressing arms relative to the hinge point of the
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at the bottom and a fluid passage nouth 74 at the topThipheetiFias Bgi Répdec

state, i.e. the state shown by dash-and-dot lines in th
bowtype conpressing arnms of the equipnent are in a retr nd

the two pistons 68 and 69 in the cylinder 67 are |ocate

are to be PRVBGEkoddd dieiiy Béwa&fﬁée@%?%‘ﬁ%m*s%@%ﬁﬁéél 28| e
%KLL,“"?LJ&%@?E%%S gl {Bneli B o 37 BRI bOME ld T Bifier o™ ™
BP;\?{)gSGQt scenoBs?aéb gﬂﬁ{éeiscat oegm%bgn %t%@%%f@%‘%ﬁ&gr? eltg\gra(raby
novi ng thegg ?hﬂ%‘éc&ﬂ&ﬂbw and | ower

bowt ype corrpre |ng ar ns e sane Ieng and the pi st ons

68 and 69 Pniﬂi@%ﬁﬁgrai‘ﬂis' ﬁn&% ‘%ﬁgfdeﬂr tﬁ'é @gfﬂe\iﬂ&?@%ﬂ"?ﬂ f%i} 1364

symetri cal onnedti ng and nove s eously to

cause the ﬂhéiﬁqg fofhBl R SlideFroBResh tREWiteR i pauile) B RO ARsIHBIEH arns to

nmove linearly in a horizontal“direction, with the result that an isoscel es

triangle-| phﬁebﬂfmﬁfstwdeseb@hd%wqwed:&upmaﬁfgemyam Ririzedor i zont al

direction, "and a force-bearing platé slot of
through a transversely movable axle, said gulde groove permits said

transversely movable axle to slide therein and extends towards the
second bow-type compressing arm from the position where the
transversely movable axle is located when it has not yet moved
outwards transversely.

62. The method as claimed in Claim 43, 45 or 60, wherein said
equipment comprises a main support member which is provided with an
driving gear, and the equipment is further provided with a pile-wing-hole
forming mechanism; said mechanism includes a first bow—type
compressing arm and a second bow-type compressing arm; one end of
said first bow-type compressing arm is hinged to a driving rod, and said
driving rod is driven by said driving gear, the other end of said first bow-
type compressing arm is hinged to one end of the second bow-type
compressing arm, and the other end of the second bow-type compressing
arm is hinged to a fixed member which is fixed to the main support
member; and the first bow-type compressing arm has a first branch plate
integrally formed thereon, and the second bow-type compressing arm has
a second branch plate integrally formed thereon. |

63. The method as claimed in Claim 43, 45 or 60, wherein said
equipment comprises a telescopic power compressing device which can

linearly compresses the surrounding soil body of a pile hole wall
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a pile can be formed by gradually rotating the device andTigs & HagBkAReplace

I

upper and

speci al eq
90; a swv
form ng de
boom 94, t
a branch h
suspended

2" is guid
gri pper bl
93 of the

control sy
(which wil
travel | abl
posi ti oned
f or ce- bear
system for

| oner bowtype conpressing arns out. As shown in ,
ui pnrent 1' of the invention conprises a caterpill [
el table 91; an control system93 for the pile b I

d
er
r

HonPRfRT 4 (EcunRRLAE BBl BORE Y o e 01, " anc

Pr o8 He JhOlfR ERRRR I CleintA8L43 SO BT Said 2 e oo
SR et SteR F L Bl A B A0 °C0 ol "o o
Hufiang e LSRR ERRO TABIE ISR, M, *hm G 1
ImERbEFIFEomctiea it o difving ofar S1TTHL t GRPLOMPRAG e | 7P
sARrutligg %Bﬂ%&gﬁoﬁﬁ@gé@@dlr&wﬁﬁﬁr&ﬁ ﬁﬂam&é&ﬁ)é?ﬁa{]aﬂel

r 16, the control

ing plate”slot formng device. As shown in Fig.
tbiRe Pilechoterki§ When inserted into the surrounding soil body of the

hole wall.

65. The method as claimed in Claim 43, wherein said equipment

- comprises a pile hole forming device, said device is an clay digger

forming device.

66. The method as claimed in Claim 65, wherein said clay digger
forming device is a submersible driller, an jet soil-flushing hole-forming'
device, a bit driller, an overall casing driller, a positive circulation driller,
a counter circulation driller, a grab soil-removing device or a dipper soil-
removing device.

67. The method as claimed in Claim 65, wherein said clay digger
forming device is an auger driller which iﬁcludes a drilling rod, said
drilling rod is a hollow pipe and is provided with a pile-wing-hole
forming device; and at the bottom of the hollow drilling rod there is
formed a nozzle communicated therewith, through the nozzle pile body
material or a wall-protection fluid is injected, and the top of the drilling
rod is communicated with the supplying fluid of the injected material.

68. The method as claimed in Claim 43, wherein said equipment
comprises a caterpillar running gear; a swivel table; and a driver’s cab, a
control system for the pile-wing-hole forming device on the swivel table;
and a boom; the bottom of said boom is connected to the swivel table,

and the branch hole and/or force-bearing plate slot forming device is
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form ng device in the equi pnment can al so be a control ®1§S@RQHZSBQCHMI@8HI
positioned on the ground, for the above-nentioned pile Wi Em "‘ ng
ra

device. The system 73" includes a hydraulic system 76 a
nmonitoring system 87. The hydraulic system 76 conprises a

br ocesst ng e e ﬂﬁﬂﬁﬁ#?@’@héf PR i sl "*Sﬂé B T gnal s
memory | or SRS 088 3l *#*b?%néﬁ‘éﬁ&aﬁ‘%&?% ﬁ%‘%r“%f%oar" e

di spl ay Sm?&%lﬂ% b é&l%ltﬁgm% i ons of the p| | e hol e and

the pile a printer e seen fromFig. 16 t he

conponents i nckgd ifethdd £0RWY r ¥Ry
control board ?g gﬁev\lkq?ch t%(e)re |§ﬂc}f{$‘g§s@4yg‘ﬁggﬁgr eﬁﬁ{ﬂ’a. spl ay 80, an

audi o anpl chirfirises, a@&ﬂﬁ@@s@éﬂ@%h@%lkb%@mdléfoﬁﬁiﬂgﬂﬂemm ng

situations of 'the pile hole and pile wing hole, and a control fod 83 for

the pile wwitichds pldcedomthe ground and is separated from the pile-wing-hole

forming device.

[
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device. The inmage display system 82 is a night-vision observation system
whi ch can detect the quality of a dry hole. The systemincludes a col or

vi deocanera capabl e of taking pictures, a nonitor for showi ng the pictures
taken by the videocanera, a sealed container for receiving the videocanera

and the power source, an O%M&B%gm source for
pi cture-taking and a video T _ ation head includes a
bR PERE A ARSI B i M Bt ot oo
0 P12 SIS BRSO s HALIAg 8 OB SEvlCl 10 e
o) o gRa b e A 1 0 e NI BT B 7
struct ur e, pegifion &f the profristdnPvh e RidPall of pile, making a hole of pile

shaft, making a measurement to the side wall of the hole by the means for

forming a hole of the protrusions to decide the actual size and position of

the protrusions, making a hole of the protrusions by pressing the ground

with the means, the hole of the pile shaft and the holes of the protrusions

are injected with concrete to form a concrete pile, making the other piles

by the above steps to form pile structure. According to the method,

knowing a geological information at the position of each pile

simultaniously with executing the construction, so that the actual bearing

capability/deformation is obtained at once, and ununiformal settlement of

a building is avoided.
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a) Carrying out an exploration to the pile ground to generally learn the
conditions of the soil |ayer of the ground and determ ning the size of the
piles and the prelimnary size and position of the pile wings; b) Formng a
pile hole to a prescribed depth in the ground according to the pile size
derived fromsaid exploration; c) Obtaining the actual mechanica

properties of the soil body in the vicinity of said prelimnary position by
exploring the soil body of the pile hole wall in the vicinity of the
prelimnary position of said pilemaggs by neans of pile-w ng-hole formng
device, thereby determning the final size and final position of the pile

W ngs; d) conpressing, according to said final size of the pile wings, the
soil body of pile hole wall at said final position of the pile w ngs by
means of the pile-w ng-hole form ng device, thereby formng the pile w ng
hol e; e) Pouring concrete into the finished pile hole and pile wing hole to
forma concrete pile; f) Constructing other piles in the pilg structure
according to the gbove-nentioned steps, thereby formng a pi|e structure
conposed of a plutality of concrete piles. 2. The constructipn nethod as
claimed in daimli, mher;{ﬁ\Jrn sai d
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step c), in the case that the nechanical properties of the soil body at
said prelimnary position are poor, noving the pile-w ng-hole formng
device along the pile hole wall to continue the exploration of the soi

body of the hole wall until a required soil layer is found, and using the
position of said required soil layer as the final position of a
corresponding pile wing. 3. The construction nethod as clained in claim 2,
wherein said pile wings are pile 3{ hes. 4. The construction nmethod as
claimed in aim1l wherein in said step c), in the case that the nechani cal
properties of the explored soil body at said prelimnary position are poor,
still using the position of said soil |layer as the final position of a
corresponding pile wing; but in said step d), forming a pile wing with a

si ze | arger an the correspondi ng imnary size at said sition. 5.

The constructfhon nethod as clai ne im1l wherein in saidistep c), in
the case tha he mechani cal pr {he explored soil pody at said
prelimnary d soil &hyer

as the final p05|t|on of a correspondlng pile wing; but in step d), 80
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formng a plurality of pile wngs having the corresponding prelimnary size
in the area of said soil |ayer, the nunber of which is |arger than the
prelimnary determ ned nunber of the pile wings at said position. 6. The
construction nethod as clained in Claiml1l or 4, wherein said pile wings are
pile force-bearing plates and/or pile branches. 7. The construction nethod
as clainmed in claim1l, wherein said nechanical properties of soil body are
the conpressive nmechani cal propertigggf soil body. 8. The construction
method as clained in Caim1, wherein said mechanical properties of soi
body conprisejthe friction resistance coefficient of soil body. 9. The
construction thod as clainmed in aiml1, wherein in said step c), the

mechani cal pr rties of soil body ar egterm ned by nmeans of densors. 10.
The constructifon nethod as clained jn daNn 1l, wherein after 28 the pile
hol e and pil e phng holes are for , a pileNgol e-quality detectjor
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is inserted into the pile hole to detect the quality of the pile hole and
pile wing holes. 11. The construction nethod as clained in daim10,
wherein for the pile hole and pile wing holes in which there is no water,
the quality detection of said holes is carried out by neans of a

ni ght - vi si on observation system 12. The construction nmethod as clained in
Cl aim 10, Werein for the pile hole and pile wng holes in which there is
slurry, the quality detection of sai4/heles is carried out by neans of an
ul trasoni c scanner. 13. The construction Rethod as clainmed in Caiml,
wherein aftRr concrete Wa been poured iNtoNthe pile hole and pile w ng

hol es, when i : in/strength, the quplity of the
pile and pi an ultrasonic defector. 14. The
constructio wher ei n |n sald step c), the
final size andT 1 T 5 of a @onput er
system 15. The construction nethod as clalned in daim1, whereinuring
construction, the mani pul ation of the pile-w ng-hole form ng deV|ceﬁls
controlled by a conputer system 16. The construction nethod|as claxned in

Caiml, whEé?Ln_dqiL:j::::> \\\\\;:::>
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construction, the measured val ues of nechanical properties of soil body and
the signals associated with the quality, size and position of the forned
pile and pile wings are converted into digital signals and stored in the
conputer system 17. The construction nethod as clained in Caim1ll or 12,
wherein the actual form ng condition of said pipe hole and pile wi ng holes
are di splayed through an inmage display so as to facilitate nonitoring. 29
18. The construction nmethod as clq%ﬂﬁg in Caiml, wherein reinforcing bars
or reinforcing cages are inserted before pouring concrete. 19. The
construction nethod as clained in Claim1, wherein prestressed reinforcing
steels are ingerted before pouring concrete, and the prestressed

rei nforcing stisel s are prest+essed—ard anchored after the concrete attains
a certain str th. 20. The|construct}fion nmethod as clainmed in @ aim1,

wherein in saifd step e), saild pouring of concrete is conductedjby a treme
nmet hod, a
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series tube nethod and a punped concrete nethod. 21. The construction
nmethod as clainmed in Caiml, wherein in said step b), said pile hole is
formed by a positive circulation nmethod, a counter circulation nethod, an
spiral auger drilling nethod, an jet soil- flushing nmethod, a manual

hol e- di ggi ng net hod, di pper or grab bucket soil-renoving nethod,

sl eeve-driven and soil -squeezi ng net hédlé6or a hanmeri ng- punchi ng met hod.
22. The construction nmethod as clginmed in Claim1, wherein in said step b),
said pile hole is forned as such|that a pilot hole is fornmed at the pile

posi t is lowereq | nto the piZﬁygt?t%z;gj7tﬁpact hanmrer is
used’te’i ound al ong tlhe guald tufe/t or hoVe; thereafter

the guard tube is lift}jout, and tlhen Joosenedq earth bucket is put in. 23.

The construction nethod as clainmgdlin Claim31, wherein in said step b),
i
c
r

said pile hole is forned by an spifal auger drilling nmethod, and said step
d) is acconplished as follows, aqcprding to design regquirenents, the soi

| ayer at the end of the force-bedryng plate ifn an | diate pile wing is
hanmered to consolidate in |layerd;|after thell gosened soil bucket is put
onto the hole bottom j pile-w ng- device is put in to
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formpile wing holes through conpression at the consolidation positions in
| ayers; and the | oosened soil bucket is |lift out to forma force-bearing
plate at the bottomof the pile. 24. The construction nmethod as clainmed in
Claim 23, wherein said step b) includes clearing up the | oosened soil at
the hole bottom that is, the drill bit is nade to idle at the initial
depth until the prescribed requirenyp%6is satisfied; and in said step d)
the pile wing holes are fornmed as such: according to the design |evel,
conpressi on and expansion signs for the pile wings are marked in the
conspi cuous positions on the upper and | ower sections of the pile-w ng-hole
formng device, and the pile wings are forned through conpressi on and
expansion in the order from t m and after the | oosened soi
bucket is lift out, the force-b te slot at9the hole bottomof the

pile wwngs is formed. 25. The contrufgtTon as claimed in daima1,
wherein in said step b), said pilke ho i d by, a slurry wai nscot
drilling method, and said step d)|is ¥} t he pil e-w ng-hole
form ng device is slinged, and then s dinto the pile hole after

t he pile-w ng-
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hol e form ng device substantially stops sway or rotation; while said device
is being putting in, an oil supply pipe and an oil return pipe are | ocked
by special oil pipe clips at 3~5mintervals on a coupling tube of the upper
and | ower sections of the pile-w ng-hole form ng device; depth size is

mar ked on the coupling tube of the upper and | ower sections of the

pi | e-wi ng-hole form ng device; and ag ding to the required levels, the
pile wing holes are forned through conpression in a prescribed order. 26.
The construction nethod as clainmed in Claiml, wherein after said step e)

is carried out, slurry is injected under pressure onto the pile hol e
bottom and the pile wng ends through a preset slurry tube to consolidate
t he surroundi ng soi l i i 27. The construction nethod as

claimed in Caim1l, jwherein the angle betwen the conpression direction of
said pile wing holejand the direction perpgndicular to the pile hole wall
is 90 28. The congtruction nethod as clajnmed in aim1l, wherein said
pile wing holes are{formed by conpressing [ he surrounding soil body of

19
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the pile hole wall in the direction parallel to the pile hole axis. 29. The
construction nethod as clained in Claiml, wherein, firstly, a first cavity
of a pile wing hole is formed by conpressing the soil body in the first
prescri bed area at the selected position of the pile hole wall upwards in a
direction inclined relative to the pile shaft hole axis, and then a second
cavity of the pile wing hole is forned hy conpressing the soil body in the
second prescribed area at said select@élﬁosition of the pile hole wall
dommmardszgﬂ_a direction inclined relative to the pile hole axis, said

first cavrty—and_second cavityyjointly constitute the pile wing hole. 30.
The constgpction net hod—a A ned H Claiml, wherein a first cavity of a
pile w is formed by coE-res~|ng the soil body in a first prescribed
area atngihgrggFEa‘pesLLLgﬂ of[]t he -:Ie hol e wal |l upwards in a direction

i nclined ative to the pirte-fol e -:is, and at the sane tine, a second
cavity of the pile wng-hole i formpg b conpressing the soil body in a

_l A@

second prescribed area at said sition of the pile hole wal

downwards, i n a direction incli A % to the pile hole axis, said
aEE&gL 4;‘? ohstitute the pile wing hole. 31.

first c and second cavit Ap
The consfpucti omyethod as cl jlmpd A n CAaim1l, wherein said pile wing hole
S50il pody in a
///2

is formed®hy only compressing
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prescri bed area at a selected position of the pile hole wall downwards in
32 a direction inclined relative to the pile hole axis. 32. The
construction nethod as clained in Caim1, wherein, first, a horizontal
cavity is fornmed in the surrounding soil body in a prescribed area at a

sel ected position of the pile hole wall, and then the surrounding soil body
of the pile hole wall |ocated bel ow said cavity is conpressed dowwards in
a direction parallel to the pile shgé% Qole axis to formthe pile w ng
hol e. 33. The construction nethod a } imed in Claim1l, wherein during the
form ng process of a pile wing hole, reinforcenent material for the pile
wing is injected. 34. The construction nethod as clainmed in Caiml,
wherein part of pile body material is poured du;bng the form ng process of
the pile wing hole, and the other part is poureg after sajgl process; the
pile hole wall is protected through a wal|l -protection f . 35. The
construction nethgg as clayped ip d ai erei/g/sa‘l’aj’w-GI
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wal | -protection fluid is cenent slurry, the cenent slurry is injected into
the pile hole as the pile hole formng device is lifted after the pile hole
has been fornmed by neans of the pile hole form ng device, until a position
in the pile hole where no collapse will occur; after the pile w ng holes
are formed, a slurry-supplenmenting tube is inserted to the pile hole bottom
and, aggregate is put in at the sane tinme; and then cenent slurry is
pressed under high pressure into the pile hole through the opening at the
bottom of the slurry-suppl enenting tybe via the slurry-suppl enenting tube
until entire pile hole is filled upl/36. The construction nethod as cl ai ned
in Caiml, wherein the pile body material is poured into the pile hole and
pile wing holes after the pile wing holes are forned. 37. The construction
method as clainmed in Caiml, wherein said pile wing hole is fornmed by
conpression into a shape with the size along the axis of the pile hole
being larger. 38. The construction nethod as clained in Caim1, wherein
said pile wing hole is formed by conpression into an s§gral hol e extendi ng

Fig.11



along the pile hole axis. 39. The construction nethod as clainmed in Caim
1, wherein said pile wing hole is formed during the process of |ifting out
the pile hole form ng device after the pile hole has been forned. 40. The
construction nethod as clainmed in Claiml1, wherein said finished pile is a
neat concrete pile. 41. The construction nmethod as clained in daiml,
wherein said piles are arranged in rQows to forma support and guard pile
structure. 42. The construction neth33/§§ clainmed in Cainmed 41, wherein
the tops of the piles in said support and guard pile structure are
connected through a connect,ing beamand the pile wings fornmed on individual
piles. 43. A special equipgent for carrying out the nethod as clained in
Caim1, wherein s§id equifment conprises a pile-w ng-hole form ng device,
and on sai d devi ig provided a detector for detecting the
mechani cal properties of il body of the ground when formng a pile wng
hole with the device. 44. fihe equi pnent as clained in Caim43, wherein

said detector is a sensor.ld45. The equi pnent as clainmed in Caim44,
wherei n said sensor
54
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conprises a pressure head, said pressure head is connected to an actuating
hydraul i c cylinder, and said actuating hydraulic cylinder is connected to a
pressure display. 46. The equi pnent as clainmed in Caim4l, wherein said
detector is REPLACEMENT SHEET a detecting instrunment for friction

resi stance properties of the soil bod¥3/%&. The equi pment as clainmed in

Cl aim4l, wherein said equi pnent furtherjeonprises a control systemfor
said pile-wing-hole form ng device, said]system conprises a hydraulic unit
and a conputer nonitoring system 48. The equi pnent as clainmed in CaimA47,
wherein said hydraulic unit conprises a hydraulic pressure display. 49. The
equi pnent as clainmed in ddym 47, whergrssspi d conpdder nonitoring system
conprises a data pr i unit for conJerting petfevant signals into
digital signals a out operatiaons| owrthe relevant signals, a

di splay and a nenory for various difgiltay” signals, an operation
keyboard, and an inage dispjlay system for] show ng the
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actual formng conditions of a pile hole and pile wing holes. 50. The

equi pment as claimed in Caim49, wherein said conputer nonitoring system
conprises an control panel, and on said control panel there are provided a
keyboard, a display, an audi o anplifier, an image display show ng the
actual formng conditions of a pili 20Ie and pile wing holes, a control rod
for the pile-w ng-hole form ng dev #é16and a printer. 51. The equi pnent as
claimed in Caim49, wherein said i mage display systemis a night-vision
observation system capabl e of detecting the formng quality of a dry hole,
and said system conprises a col or videocanera capable of taking pictures, a
noni tor for show ng the pictures taken by the videocanera, a seal ed sl eeve
for receiving said videocanera and a power source, an observation head, a

| ight source for picture-taking, and a video recorder. 52. The equi pnent as
claimed in Caimb51, wherein said observation head conprises a horizontal
observation head for observing the hole wall and a vertical observation
head for observing hole bottom 74
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53. The equi pnent as claimed in Claim49, wherein said i mage di splay system
conprises an ultrasonic scanner for detecting the formng quality of a wet
hol e. 54. The equipnment as clained in Caim47, wherein said conputer

nmoni toring system conprises an unit for controlling the operation of the

pi |l e-wi ng-hol e form ng device. 55. The equi pnent as clainmed in C ai m45,
wherein said pile-wing- hole formng device is of a hydraulically actuated
type which conprises. a bowtype coﬂ%ﬂ@é&ion mechani smfor formng the pile
wi ng hol es, the extending portion of said bowtype conpression nmechani sm
constitutes the pressure head for said detector. 56. The equi pnent as
claimed in Caim43, wherein said detector is a detecting instrunent for
the friction resistance properties of the soil body. 57. The equi pnent as
claimed in Caim43 or 45, wherein said pile- wi ng-hole form ng device
conprises a pile-wing-hole formng nmechani sm the nechani smincludes a
first bowtype conpressing armand a second bowtype conpressing arm the
ends of said first bowtypeFd@&rdPessi ng arm and second bowtype conpressing
armare hinged to each other, the other end of s first bowtype
conpressing armis hinged {)




to a first cénnecting menber and the other end of the second bowtype
conpressing armis hinged to a second connecting nenber; said first _
connecting nmenber is rigidly connected to the end of a piston rod of an
actuating hydraulic cylinder, and said second connecting nenber is rigidly
connected to the end of the other piston rod of said actuating hydraulic
cylinder; said two piston rods are dgﬁiﬁﬁfd coaxi ally and nove oppositely
whi | e worki ng; and said actuating hy c cylinder includes

REPLACEMENT SHEET two pistons which are disposed coaxially and parallelly
and nove oppositely while working, said two piston rods are rigidly
connected to said two pistons respectively. 58. The equipnent as clainmed in
Claim 43 or 45, wherein said pile- wing-hole form ng device conprises a
plurality of sets of pile-wing- hole form ng nmechanism said sets of pile
hol e form ng nechani sm are arranged at intervals along the |ongitudinal
and/ or transverse directions of the equi pnent. 59 The equi pnent as cl ai ned
in Caim43 or 45, wherein said pile- 73
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point of the first bowtype conpressing armand the driving rod and is on

one side o
bowtype c

forming device after the pile hole has been formed.

40. The construction method as claimed in Claim 1, wherein said
finished pile is a neat concrete pile.

41. The construction method as claimed in Claim 1, wherein said
piles are arranged in rows to form a support and guard pile structure.

42. The construction method as claimed in Claimed 41, wherein the
tops of the piles in said support and guard pile structure are connected
through a connecting beam and the pile wings formed on individual
piles.

43. A special equipment for carrying out the method as claimed in
Claim 1, wherein said equipment comprises a pile-wing-hole forming
device, and on said device there is provided a detector for detecting the
mechanical properties of soil body of the ground when forming a pile
wing hole with the device.

44. The equipment as claimed in Claim 43, wherein said detector is
a sensor. '

45. The equipment as claimed in Claim 44, wherein said sensor
comprises a pressure head, said pressure head is connected to an
actuating hydraulic cylinder, and said actuating hydraulic cylinder is
connected to a pressure display.

46. The equipment as claimed in Claim 41, wherein said detector is

-
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driving rod and the first bowtype conpressing arm said secol dRFPLAchMENT SHEET

menber is hinged to one end of a first branch plate, and the er end of
the first branch plate is a free end; the inner side of the filrst b7abPR 1999
pl at e abuts agai nst the hinge portlon of the first and second |b tyne. .

cheres PO i A

—+

branch pl ate; l7eﬁlbr gg(&_- sal'@% gripmﬁs}éﬂg aar%]ﬁf)sal Enged

t hrough a transversel axl e, e groove per

transver selgyRBY é&ln? [ ewh% mﬂ% t he second
bowt ype corrpreSS| ng ar %%fér(gln@ p%lg?ftb?gﬁu\fmere t transversSely novabl e

axle is |lo @rsely. 62. The
equi pment g?’c Amred Y§te |@P§§¥§am§%e%n sal equn pnent -

conpri ses mdﬁlt&lﬁ%@?gge}nrrenber which is provided with an driving gear, and
- the equipnent is f her provided wi'th a.pile-w ng-hole forning nmechani sm

sai d mechani sm4gNThedRfuipmicnt 8k Maitndd RECIAINPUTS WhiteR! Said'iydragHeond
bow type conpressing arny one end of said first bowtype corfpressing armis

hinged to anilr¢ompeiseod hyrlrdulieipiessure display.
49. The equipment as claimed in Claim 47, wherein said computer

monitoring system comprises a data processing unit for converting
relevant signals into digital signals and carrying out operations on the
relevant signals, a display and a memory for the various digital signals,
an operation keyboard, and an image display system for showing the
actual forming conditions of a pile hole and pile wing holes.

50. The equipment as claimed in Claim 49, wherein said computer
monitoring system comprises an control panel, and on said control panel
there are provided a keyboard, a display, an audio amplifier, an image
display showing the actual forming conditions of a pile hole and pile
wing holes, a control rod for the pile-wing-hole forming device, and a
printer.

51. The equipment as claimed in Claim 49, wherein said image
display system is a night-vision observation system capable of detecting
the forming quélity of a dry hole, and said system comprises a color
videocamera capable of taking pictures, a monitor for showing the
pictures taken by the videocamera, a sealed sleeve for receiving said
videocamera and a power source, an observation head, a light source for
picture-taking, and a video recorder.

52. The equipment as claimed in Claim 51, wherein said observation

head comprises a horizontal observation head for observing the hole wall
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driving rod is driven by said driving gear, the other end of s
bow type conpressing armis hinged to one end of the second b tyﬁe A
conpressing arm and the other end of the second bowtype conpfegsi 6 APR, 1393
is hinged to a fixed nenber which is fixed to the main support e AV-T=TaTs

the first Wat@ﬁgﬁlt)ﬂﬁééﬁﬁﬁfig h;é’a@[' féﬁ‘%b%efs}ihghélé%&fbﬂil ate injegral l'y

formed thereon, e secon owtype conpfessing arm has a

plate i nteral 5y, TRe EBdidiienead cldimed TCRAK 29PReRsindaid Tidgen O ai m 43,

45 or 60, wherein sai gui pnent conprises a te1e$cop|c_pomer conpr essi ng
devi ce whi gixplay sy$teRREOMMPTIRER A HARsbAR Soanhey Tt dét_e%ﬁ!n? ﬁ@%rﬂi_in% pile
hol e wal | downwards in"a direction inclined relative (o the pilé hole

axis. 64. dhgligaof aWedtthale. claimed in Caim43, 45 or 60, wherein said
equi pnment conprises a conpressing nenber which can insert horizontally into

the surroundi n§4sThé egaipment as eldimedoineCldiid 47] Whereinhsid icongautepct ed with

a driving gear, and thus It can conpress the surrounding soil "body of the

oLt Foetn sy Sl o ool s patorof e
pile-wing-hole forming device.

55. The equipment as claimed in Claim 45, wherein said pile-wing-
hole forming devicg is of a hydraulically actuated type which comprises
a bow-type compression mechanism for forming the pile wing holes, the
extending portion of said bow-type compression mechanism constitutes
the pressure head for said detector.

56. The equipment as claimed in Claim 43, wherein said detector is
a detecting instrument for the friction resistance properties of the soil
body.

57. The equipment as claimed in Claim 43 or 45, Wherein said pile-
wing-hole forming device comprises a pile-wing-hole forming
mechanism, the mechanism includes a first bow—type_compressing arm
and a second bow-type compressing arm, the ends of said first bow-type
compressing arm and second bow-type compressing arm are hinged to
each other, the other end of the first bow-type compressing arm is hinged
to a first connecting member and the other end of the second bow-type
compressing arm is hinged to a second connecting member; said first
conneéting member is rigidly connected to the end of a piston rod of an
actuating hydraulic cylinder, and said second connecting member is
rigidly connected to the end of the other piston rod of said actuating

hydraulic cylinder; said two piston rods are disposed coaxially and move

oppositely while working; and said actuating hydraulic cylinder includes

LT



hole wal|. 65. The equipnent as clained in O aim43, wherein spiREPbACEMERRHSHEET
conprises a pile hole form ng device, said device is an clay dj gger—formmg
device. 66. The equipnent as claimed in Caim65, wherein said| cjay ﬁimgpqggg
form ng device is a subnmersible driller, an jet soil-flushing hoje-formng

deviee; = b s g B AP RIS i S PLSSR e T
i pper 50! bapBSRY HISHng Lig W SULRTRA ofipl ) BT B o>

adrilli ngﬁéilngéﬁis%ﬁg féé\;ie@ﬁvé Is a hollow pipe and is provided with a
ole fo

pi | e-w ng- m ng devi ce; .rid at the bottomof the hollowdrilling rod
there is fornmeggarhe PRt RS chiahfd i El4M 45 .0r48, Whéreif' 8 gee pile
body material or a wall-protection fluid is injected, and the top of the

drilling rwin'gshdleffﬁhﬂh‘rigﬂééid@ édmpﬁ@@ Hgﬂ{éﬁ;i&%df' UkétsQf eﬁil@vﬁﬂ'gECt ed

material. 68. The equi pnent as clalned i 43, wherein sali d equi pnent

Corer 2 RoRpetigumechuta] ol f gt ol Sobline meshmiani ey = o o
and a boonarrahged @t interedls song the tongitudinak ahdloritparisverse\ditectioad! e,
of the equipment.

59 The equipment as claimed in Claim 43 or 45, wherein sa1d pile-
wing-hole forming device comprises a plurality of sets of pile-wing-hole
forming mechanism, said sets of pile-wing-hole forming mechanism are
arranged symmetriéally relative to the longitudinal axis of the equipment.

60. The equipment as claimed in Claim 43 or 45, wherein said
equipment comprises a pile hole forming device, said pile-wing-hole
forming device is provided on said pile hole forming device.

61. The equipment as inclined in Claim 43, 45 or 60, wherein said
pile-wing-hole forming device comprises a main support member on
which there is fixed an driving gear and, and said device further
comprise a pile-wing-hole forming mechanism, said mechanism includes
a first bow-type compressing arm and a second bow-type compressing
arm, one end of said first bow-type compressing arm is hinged to a
driving rod driven by said driving gear, and the other and of said first
bow-type compressing arm is hinged to one end of the second bow-type
compressing arm, the other end of the second bow-type compressing arm
is hinged to a first fixed member, the first fixed member is on one side of
the hinge point of the first bow-type compressing arm and the driving rod
and is on one side of the moving axis of the hinge point of the first and

second bow-type compressing arms relative to the hinge point of the
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and, the branch hole and/or force-bearing plate slot formng dev &EQLQCEMENT SHEE
suspended fromthe top of the boomthrough a suspension cable, $ajjd device

is guided and fixed by a gripper block, and the rear end of sai§l grippeAPR 1333
bl ock is connected with said swivel table. 69. The eqw prment as|cllained. in '

G ai m 43, ﬁﬂ @Poéﬁhﬂ tlég'ﬂrB{TBI%V Wébﬁ?face &@sfe%bﬁg' tge

pi | e-wi ng- orm ng device on f € groun

separat ed fiphdi s Hhbed 't Wie il Eof 8Tt Braifet plate,4hd the other end of
the first branch plate is a free end; the inner side of the first branch plate

abuts against the hinge portion of the first and second bow-type
compressing arms, and is provided with a guide plate, on said guide plate
there is formed a guide groove in the direction parallel to the first branch
plate; the first and second bow-type compressing arms are hinged
through a transversely movable axle, said guide groove permits said
transversely movable axle to slide therein and extends towards the
second bow-type compressing arm from the position where the
transversely movable axle is located when it has not yet moved
outwards transversely.

62. The equipment as claimed in Claim 43, 45 or 60, wherein said
equipment comprises a main support member which is provided with an
driving gear, and the equipment is further provided with a pile-wing-hole
forming mechanism; said mechanism includes a first bow-type
compressing arm and a second bow-type compressing arm; one end of
said first bow-type compressing arm is hinged to a driving rod, and said
driving rod is driven by said driving gear, the other end of said first bow-
type csmpressing arm is hinged to one end of the second bow-type
compressing arm, and the other end of the second bow-type compressing
arm is hinged to a fixed member which is fixed to the main support
member; and the first bow-type compressing arm has a first branch plate
integrally formed thereon, and the second bow-type compressing arm has
a second branch plate integrally formed thereon.

63. The equipment as claimed in Claim 43, 45 or 60, wherein said
equipment comprises a telescopic power compressing device which can

11nearly compresses the surrounding soil body of a pile hole wall
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downwards in a direction inclined relative to the pile hole axis.

64. The equipment as claimed in Claim 43, 45 or 60, wherein said
equipment comprises a compressing member which can insert |
horizontally into the surrounding soil body of a pile hole wall, the
member is connected with a driving gear, and thus it can compress the
surrounding soil body of the hole wall downwards in a direction parallel
to the pile hole axis when inserted into the surrounding soil body of the
hole wall.

65. The equipment as claimed in Claim 43, wherein said equipment

‘comprises a pile hole forming device, said device is an clay digger
forming device.

66. The equipment as claimed in Claim 65, wherein said clay digger
forming device is a submersible driller, an jet soil-flushing hole-forming
device, a bit driller, an overall casing driller, a positive circulation driller,
a counter circulation driller, a grab soil-removing device or a dipper soil-
removing device.

67. The equipment as claimed in Claim 65, wherein said clay digger
forming device is an auger driller which includes a drilling rod, said
drilling rod is a hollow pipe and is provided with a pile-wing-hole |
forming device; and at the bottom of the hollow drilling rod there is
formed a nozzle communicated therewith, through the nozzle pile body
material or a wall-protection fluid is injected, and the top of the drilling
rod is communicated with the supplying fluid of the injected material.

68. The equipment as claimed in Claim 43, wherein said equipment
comprises a caterpillar running gear; a swivel table; and a driver’s cab, a
control system for the pile-wing-hole forming device on the swivel table;
and a boom; the bottom of said boom is connected to the swivel table,

and the branch hole and/or force-bearing plate slot forming device is
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1
suspended from the top of the boom through a suspension cable, said

device is guided and fixed by a gripper block, and the rear end of said
gripper block is connected with said swivel table.

69. The equipment as claimed in Claim 43, wherein said equipment
comprises an control system for the pile-wing-hole forming device,
which is placed on the ground and is separated from the pile-wing-hole

forming device.
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