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CONCRETE VARIABLE CROSS-SECTION PREFABRICATED SQUARE PILE 

 

[0001] The present application claims priorities to the following two Chinese patent 

applications, both of which are incorporated herein by reference in their entireties, 

1 ）  Chinese Patent Application No. 201921464635.1, titled "VARIABLE 

CROSS-SECTION PREFABRICATED SQUARE PILE", filed with the China National 

Intellectual Property Administration on September 04, 2019; 

2 ）  Chinese Patent Application No. 202010371564.1, titled "CONCRETE 

VARIABLE CROSS-SECTION PREFABRICATED SQUARE PILE", filed with the 

China National Intellectual Property Administration on May 06, 2020. 

 

FIELD 

[0002] The present application relates to the technical field of prefabricated concrete piles, 

and in particular to a concrete variable cross-section prefabricated square pile. 

 

BACKGROUND 

[0003] Prefabricated concrete piles are prefabricated concrete elements with steel cages 

inside that are prefabricated at the factory. 

[0004] Prefabricated piles include straight piles and variable cross-section piles. As the name 

implies, a cross-sectional shape and size of the straight pile are the same in the length 

direction, while a cross-sectional size and shape of the variable cross-sectional pile varies 

along the length direction of the pile. Compared with straight piles, variable cross-sectional 

piles have better uplift resistance and bearing performance, and are increasingly favored by 

the construction industry. 

[0005] As disclosed in CN204738291U, a prefabricated concrete corrugate solid square pile 

includes a pile body with a square cross section, and further includes two large-section 

segments located at an upper end of the pile body and a lower end of the pile body, 

respectively, and an intermediate segment located between the two large-section segments. 
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Small-section segments are provided at two ends of the intermediate segment, and a section 

area of the large-section segment is larger than a section area of the small-section segment; 

the large-section segment is transited to the small-section segment through an inclined plane. 

This kind of square pile has a variety of comprehensive properties including high vertical 

bearing capacity, strong horizontal shear resistance, good corrosion resistance and strong 

pullout resistance. 

[0006] In practical use, in the process of checking the square pile before pile sinking, there is 

a certain probability that the intermediate segment of the variable cross-section pile is 

damaged in varying degrees, such as surface cracks, material breakage or peeling, etc. Once 

such phenomena are found, it is necessary to assess whether the damaged square piles can 

continue to be used normally. Generally, in order to ensure the engineering quality and 

construction progress, the square piles with serious defects are no longer used and can only be 

disposed of as construction waste. 

[0007] For this kind of situation, for a long time, people in the art usually blame it on the 

concrete formula or manufacturing process. Some people think that it is caused by rough 

operation in the transfer process, and they have explored and improved in those directions. 

[0008] However, after a long period of time, this problem has not been effectively solved. 

 

SUMMARY 

[0009] An object of the present application is to provide a concrete variable cross-section 

prefabricated square pile, so as to reduce the phenomenon that the intermediate segment is 

prone to be damaged, reduce the damage rate of the variable cross-section prefabricated 

square pile, and make the product quality of the variable cross-section prefabricated square 

pile more stable and reliable, and meet a better actual use requirements. 

[0010] To achieve the above object, a concrete variable cross-section prefabricated pile is 

provided according to the present application, which includes a pile body with large-section 

segments and small-section segments being alternately arranged in a longitudinal direction, 

and a cross-section of the large-section segment and a cross section of the small-section 

segment are substantially rectangular; a lateral transition surface is formed between the side 

surfaces of the large-section segment and the adjacent small-section segment; at least a part of 
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the lateral transition surfaces have front edges and/or rear edges deviated from the vertical 

direction in the lateral projection, and a vertical projection of the intersection line between the 

lateral transition surface and the first horizontal plane is located outside a vertical projection 

of the intersection line between the lateral transition surface and the second horizontal plane; 

a first horizontal plane is an upper horizontal plane among any two horizontal planes, and a 

second horizontal plane is a lower horizontal plane among any two horizontal planes, one or 

both side surfaces of the small-section segment are perpendicular to the bottom surface of the 

small-section segment or are inclined to the inside of the pile body from top to bottom at a set 

angle. 

[0011] In an embodiment, a front edge and/or a rear edge of the lateral transition surface 

deviating from the vertical direction in lateral projection are an inclined edge or a curved 

edge. 

[0012] In an embodiment, a front edge and a rear edge of the side surface of the 

large-section segment between the two ends are vertical edges, and a surface width thereof 

remains constant from top to bottom; or, the front edge and/or the rear edge of the side surface 

of the large-section segment between the two ends deviates from the vertical direction in the 

lateral projection, and its surface width increases or decreases from top to bottom. 

[0013] In an embodiment, the lateral transition surface includes a first transition surface 

located at the front of the small-section segment and a second transition surface located at the 

rear of the small-section segment, a rear edge of the first transition surface is inclined or 

curved forward from top to bottom; and/or, and a front edge of the second transition surface is 

inclined or curved backward from top to bottom. 

[0014] In an embodiment, the lateral transition surface includes a first transition surface 

located at the front of the small-section segment and a second transition surface located at the 

rear of the small-section segment, the front edge of the first transition surface is inclined or 

curved forward from top to bottom; and/or, the rear edge of the second transition surface is 

inclined or curved backward from top to bottom. 

[0015] In an embodiment, the lateral transition surface is a plane, the front edge of the lateral 

transition surface is parallel to the rear edge of the lateral transition surface, and the surface 

width remains constant from top to bottom; or the lateral transition surface is a plane, the front 
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edge and rear edge of the lateral transition surface are not parallel, and the surface width 

increases or decreases from top to bottom; or, 

[0016] the lateral transition surface is a curved surface, the front edge of the lateral transition 

surface is parallel to the rear edge of the lateral transition surface, and the surface width 

remains constant from top to bottom; or the lateral transition surface is a curved surface, the 

front edge and rear edge of the lateral transition surface are not parallel, and the surface width 

increases or decreases from top to bottom. 

[0017] In an embodiment, the lateral transition surface is a concave curved surface, a convex 

curved surface or a twisted surface. 

[0018] In an embodiment, the concave curved surface includes concave arc surface or 

concave conical surface, and the convex curved surface includes convex arc surface or convex 

conical surface. 

[0019] In an embodiment, an extension line of the vertical projection of the intersection line 

between the lateral transition surface and the first horizontal plane intersects with an extension 

line of the vertical projection of the intersection line between the lateral transition surface and 

the second horizontal plane. 

[0020] In an embodiment, the pile body has pile end faces, at least one pile end face has a 

groove and a plurality of connecting holes being arranged at intervals; the groove is 

configured to at least partially accommodate a storage block in which the viscous substance is 

stored, a depth of the groove is less than an initial height of the storage block; when the 

prefabricated square piles are butted together, the storage block is compressed so as to release 

a viscous substance to eliminate and/or fill the gaps at the end faces of the butted 

prefabricated square piles. 

[0021] In an embodiment, a groove depth of the accommodating groove is greater than or 

equal to 1mm, a groove width of the accommodating is greater than or equal to 1mm, and the 

accommodating groove is more than 0.5cm away from the connecting hole. 

[0022] In an embodiment, a groove depth of the accommodating groove is 2mm-20mm. 

[0023] In an embodiment, at least one of the grooves is circular or annular or rectangular or 

regular polygon and located at the center of the pile end face; 
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[0024] and/or, at least one of the grooves is annular and surrounds all connecting holes; 

[0025] and/or, at least one of the grooves is annular and surrounds part of the connecting 

holes; 

[0026] and/or, at least one of the grooves is annular and surrounds a single connecting hole. 

[0027] In an embodiment, a rigid skeleton of the concrete variable cross-section 

prefabricated pile comprises: a main reinforcement skeleton with a plurality of main 

reinforcements being arranged at intervals and wound to form a reserved cavity, and a 

skeleton stirrup which ferrules the main reinforcement skeleton; 

[0028] wherein the ends of the main reinforcement skeletons are bound with rigid mesh 

enclosures and/or rigid meshes to enhance the structural strength of the prefabricated piles, 

the ends of the main reinforcement skeleton are ferruled and fixed by auxiliary stirrups, and a 

winding interval of the auxiliary stirrups is less than or equal to a winding interval of the 

skeleton stirrups. 

[0029] In an embodiment, the auxiliary stirrups form a stirrup dense zone, and a length of 

the stirrup dense zone is greater than a length of the large-section segment at the end; wherein 

a winding density of the stirrup dense zone is 1.5-3 times than a winding density of the 

non-dense zone. 

[0030] In an embodiment, a plurality of C-shaped ferrules with openings facing the middle 

of the reserved cavity are further provided at the end faces of the main reinforcement 

skeleton. 

[0031] In an embodiment, connecting nuts are connected to the end of the main 

reinforcement, and the auxiliary stirrup is connected and fixed with at least one of the 

connecting nuts. 

[0032] In an embodiment, the C-shaped ferrules are arranged at intervals in the reserved 

cavities of the main reinforcement skeleton in sequence in the transverse or longitudinal 

direction; and/or the C-shaped ferrules are arranged crosswise in the reserved cavity of the 

main reinforcement skeleton; the C-shaped ferrules are fixedly connected with the auxiliary 

stirrup or/and the rigid mesh enclosure. 

[0033] In an embodiment, the auxiliary stirrup and the rigid mesh enclosure are connected 
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and fixed, and the rigid mesh enclosure is located inside the auxiliary stirrup; 

[0034] or the rigid mesh enclosure includes a plurality of annular reinforcements arranged in 

sequence along the length of the main reinforcement skeleton at intervals and a plurality of 

axial reinforcements for connecting and fixing the annular reinforcements; wherein the axial 

reinforcements are parallel to the main reinforcements; 

[0035] or the rigid meshes are arranged at the ends of the main reinforcement skeleton and 

arranged at intervals along the length direction of the reserved cavity. 

[0036] In an embodiment, a length of the large-section segment at both ends of the pile body 

is greater than a length of the large-section segment in the middle part, the length of the 

large-section segment at both ends of the pile body is about 2 to 6 times the length of the 

large-section segment in the middle part; 

[0037] and/or on the cross section of the small-section segment, a cross-sectional area of the 

small-section segment is S1, the sum of the cross-sectional areas of the steel bars is S2, 

wherein a ratio of S2 to S1 is at least 0.5% to 0.15%. 

[0038] The above structural design is adopted according to the present application. 

Compared with the conventional technology, the strength of the top surface and the lateral 

transition surface of the variable-section prefabricated square pile is enhanced, so that the 

compressive strength of the top surface of the variable-section prefabricated square pile is 

enhanced when being lifted, and the tensile force on the bottom surface is reduced, which 

further improves the bending resistance of the variable-section prefabricated square pile, 

reduces the generation of cracks during the lifting of the variable-section prefabricated square 

pile, improves the quality of the pile body, and reduces the rate of abandoned piles. 

[0039] Moreover, since the front edge and/or the rear edge of the lateral transition surface 

are deviated from the vertical direction in the lateral projection, the area of the lateral 

transition surface is increased, and the lateral frictional resistance coefficient is changed, 

thereby improving the side friction resistance and compressive and pullout resistance of the 

variable cross-section prefabricated square pile body. Under the same working conditions, the 

specifications of prefabricated piles can be less, the cost performance can be improved, 

conforming to the national policy of energy conservation and emission reduction. 

[0040] In addition, the demoulding efficiency of the variable cross-section prefabricated 
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square pile can be improved, and the quality of the pile body can be improved. For example, 

in the demoulding process, the prestressed tensile force can be released, which may 

effectively prevent the die protrusion from being locked at the variable cross-section. It may 

further reduce the damage of the corrugate joints of the variable cross-section prefabricated 

square piles, reduce the labor consumption of manual repairing and damage, the integrity of 

the pile body is good, and the strength of the pile body is high. 

 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0041] FIG. 1 is the structural schematic view of the variable cross-section prefabricated 

square pile disclosed in the first embodiment of the present application; 

[0042] FIG. 2 is the structural schematic view of the variable cross-section prefabricated 

square pile shown in FIG. 1 from another perspective; 

[0043] FIG. 3 is the top view of the variable cross-section prefabricated square pile shown in 

FIG. 1; 

[0044] FIG. 4 is a partial enlarged view of part A in FIG. 3; 

[0045] FIG. 5 is a top view of the variable cross-section prefabricated square pile disclosed 

in the second embodiment of the present application; 

[0046] FIG. 6 is a partial enlarged view of part B in FIG. 5; 

[0047] FIG. 7 is a partial enlarged view of the variable cross-section prefabricated square 

pile disclosed in the third embodiment of the present application; 

[0048] FIG. 8 is a partial enlarged view of the variable cross-section prefabricated square 

pile disclosed in the fourth embodiment of the present application; 

[0049] FIG. 9 is a structural schematic view of the variable cross-section prefabricated 

square pile disclosed in the fifth embodiment of the present application; 

[0050] FIG. 10 is the top view of the variable cross-section prefabricated square pile shown 

in FIG. 9; 

[0051] FIG. 11 is the structural schematic view of the variable cross-section prefabricated 

square pile disclosed in the sixth embodiment of the present application; 
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[0052] FIG. 12 is the structural schematic view of the variable cross-section prefabricated 

square pile disclosed in the seventh embodiment of the present application; 

[0053] FIG. 13 is the structural schematic view of the variable cross-section prefabricated 

square pile disclosed in the eighth embodiment of the present application; 

[0054] FIG. 14 is a partial enlarged view of FIG. 13; 

[0055] FIG. 15 is a bottom view of FIG. 14; 

[0056] FIG. 16 is a side view of the variable cross-section prefabricated square pile shown in 

FIG. 13; 

[0057] FIG. 17 is a schematic end view of the prefabricated square pile with variable 

cross-section shown in FIG. 13 with a chamfer at the bottom edge; 

[0058] FIG. 18 is a partial structural schematic view of the variable cross-section 

prefabricated square pile shown in FIG. 13 with a chamfer at the bottom edge; 

[0059] FIG. 19 is a schematic end view of the variable cross-section prefabricated square 

pile shown in FIG. 13 where the top edge is in a smooth transition; 

[0060] FIG. 20 is a partial structural schematic view of the variable cross-section 

prefabricated square pile shown in FIG. 13 where the bottom surface edge is in a smooth 

transition; 

[0061] FIG. 21 is a schematic end view of the variable cross-section prefabricated square 

pile shown in FIG. 13 with chambers at the top and bottom edges; 

[0062] FIG. 22 is a partial structural schematic view of the variable cross-section 

prefabricated square pile shown in FIG. 13 with chamfers at the top and bottom edges; 

[0063] FIG. 23 is a schematic end view of the variable cross-section prefabricated square 

pile shown in FIG. 13 with a chamfer at the top edge and the bottom edge being in a smooth 

transition; 

[0064] FIG. 24 is a partial structural schematic view of the variable cross-section 

prefabricated square pile shown in FIG. 13 with a chamfer at the top edge and the bottom 

edge being in a smooth transition; 

[0065] FIG. 25 is the structural schematic view of the variable cross-section prefabricated 
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square pile disclosed in the ninth embodiment of the present application; 

[0066] FIG. 26 is the structural schematic view of the variable cross-section prefabricated 

square pile disclosed in the tenth embodiment of the present application; 

[0067] FIG. 27 is the structural schematic view of the variable cross-section prefabricated 

square pile disclosed in the eleventh embodiment of the present application; 

[0068] FIG. 28 is a side view of the variable cross-section prefabricated square pile shown in 

FIG. 27; 

[0069] FIG. 29 is a bottom view of the variable cross-section prefabricated square pile 

shown in FIG. 27; 

[0070] FIG. 30 is a partial enlarged view of part C in FIG. 29; 

[0071] FIG. 31 is a schematic view of concentrated display of type (a)~(g) lateral transition 

surfaces formed on the pile body; 

[0072] FIG. 32 is a schematic view of concentrated display of type (h)~(n) lateral transition 

surfaces formed on the pile body; 

[0073] FIG. 33 is a schematic view of concentrated display of type (o)~(u) lateral transition 

surfaces formed on the pile body; 

[0074] FIG. 34 is a schematic view of concentrated display of type (v)~(w) lateral transition 

surfaces formed on the pile body; 

[0075] FIG. 35 is a schematic partial structural schematic view of the same large-section 

segment with the front lateral transition surface and the rear lateral transition surface being 

symmetrical; 

[0076] FIG. 36 is a schematic view of the installation structure of the variable cross-section 

prefabricated square pile disclosed in the twelfth embodiment of the present application; 

[0077] FIG. 37 is a schematic view of the position and shape of the grooves on the end face 

of the prefabricated pile in FIG. 36; 

[0078] FIG. 38 is another schematic view of the position and shape of the grooves on the 

end face of the prefabricated pile in FIG. 36; 

[0079] FIG. 39 is another schematic view of the position and shape of the grooves on the 
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end face of the prefabricated pile in FIG. 36; 

[0080] FIG. 40 is another schematic view of the position and shape of the grooves on the 

end face of the prefabricated pile in FIG. 36; 

[0081] FIG. 41 is a schematic view of a pile connection process of the variable cross-section 

prefabricated square pile disclosed in the thirteenth embodiment of the present application; 

[0082] FIG. 42 is a schematic view of the completion state of the pile connection process of 

the variable cross-section prefabricated square pile in FIG. 41; 

[0083] FIG. 43 is a schematic view of the connecting structure of the variable cross-section 

prefabricated square pile disclosed in the fourteenth embodiment of the present application; 

[0084] FIG. 44 is a schematic view of the completed state of the pile connection process of 

the variable cross-section prefabricated square pile in FIG. 43; 

[0085] FIG. 45 is an enlarged view of the structure at D in FIG. 43; 

[0086] FIG. 46 is a schematic structural view of the rigid skeleton of the variable 

cross-section prefabricated square pile disclosed in the fifteenth embodiment of the present 

application; 

[0087] FIG. 47 is an end view of the rigid skeleton shown in FIG. 46; 

[0088] FIG. 48 is a schematic structural view of the rigid skeleton of the variable 

cross-section prefabricated square pile disclosed in the sixteenth embodiment of the present 

application; 

[0089] FIG. 49 is an end view of the rigid skeleton shown in FIG. 48; 

[0090] FIG. 50 is a schematic structural view of the rigid skeleton of the variable 

cross-section prefabricated square pile disclosed in the seventeenth embodiment of the present 

application; 

[0091] FIG. 51 is an end view of the rigid skeleton shown in FIG. 50; 

[0092] FIG. 52 is a schematic structural view of the rigid skeleton of the variable 

cross-section prefabricated square pile disclosed in the eighteenth embodiment of the present 

application; 

[0093] FIG. 53 is an end view of the rigid skeleton shown in FIG. 52; 
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[0094] FIG. 54 is a schematic structural view of a rigid mesh; 

[0095] FIG. 55 is a schematic structural view of an auxiliary stirrup; 

[0096] FIG. 56 is a schematic structural view of a rigid mesh enclosure; 

[0097] FIG. 57 is a schematic structural view of a C-type ferrule. 

[0098] Reference numerals in the drawings are listed as follows: 

[0099] 1 pile body, 2 small-section segment, 2-1 upper edge, 2-2 lower edge, 3 large-section 

segment, 3-1 upper edge, 3-2 lower edge, 4 lateral transition surface, 4-1 first transition 

surface, 4-1-1 front edge, 4-1-2 rear edge, 4-2 second transition surface, 4-2-1 front edge, 

4-2-2 rear edge, 4-2-3 upper edge, 4-2-4 lower edge, 5 left convex portion, 6 right convex 

portion, 7 upper convex portion, 8 lower convex portion, 9 connecting hole, 10 storage block, 

11 groove, 12 viscous substance, 13 rebar, 14 mechanical connection piece, 15 sealing ring, 

16 concrete component, 17 pile end, 18 smooth transition portion, 19 pile end surface, 21 

main reinforcement, 22 skeleton stirrup, 23 rigid mesh, 23-1 reinforcing stiffener, 24 auxiliary 

stirrup, 25 connecting nut, 26 rigid mesh enclosure, 26-1 ring reinforcement, 26-2 axial 

reinforcement, 27 C-type ferrule. 

 

DETAILED DESCRIPTION OF THE EMBODIMENTS 

[0100] In order to enable those skilled in the art to better understand the technical solutions 

of the present application, the present application will be further described in detail with 

reference to the drawings and specific embodiments. 

[0101] In this specification, the terms "up, down, left, right, front, back" are established 

based on the positional relationship shown in the attached drawings, and the corresponding 

positional relationship may change according to the different attached drawings. Therefore, it 

cannot be understood as an absolute limitation of the scope of protection. Moreover, the 

relational terms such as "first" and "second" etc. are only used to distinguish one element 

from another having the same name and do not necessarily require or imply any such actual 

existence between those elements relationship or order. 

[0102] The construction procedure of prefabricated piles mainly includes prefabrication, 

transportation, stacking and pile sinking. In each construction procedure, it is inevitable for 
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prefabricated piles to be frequent lifted. 

[0103] The existing lifting method is to set a hook on the top of the pile body, and use a 

hoisting equipment to lift the prefabricated pile. According to the length and mass of the 

prefabricated pile, it is more general to perform a two-point lifting with two hooks on the pile. 

When performing the two-point lifting, due to the combined action of lifting force and pile 

gravity, the top surface of pile body is above the bottom surface of pile body in the lifting 

direction, where the top surface of pile body is pressed and the bottom surface of pile body is 

pulled. 

[0104] It is found by the inventor's research that because the concrete has a compressive 

strength far greater than the tensile strength and the pile body has a large gravity, the bottom 

surface of the pile body and the lateral transition surface are easily cracked due to the high 

tensile strength, which is one of the reasons for the damage to the pile body. Although the 

cross section of the existing variable cross-section pile may vary in the length direction, the 

cross sections in the height direction remain the same. Therefore, when the tensile strength of 

the variable cross-section pile is high, the bottom surface will be always damaged first, which 

leads to the scrapping of the whole pile. 

[0105] Based on this research conclusion, the structure of the variable cross-section 

prefabricated square pile is further improved according to the present application, so as to 

improve or eliminate the above-mentioned technical problems existing in the variable 

cross-section prefabricated square pile to a certain extent. 

[0106] Referring to FIG. 1 to FIG. 4, FIG. 1 is the structural schematic view of the variable 

cross-section prefabricated square pile disclosed in the first embodiment of the present 

application; FIG. 2 is the structural schematic view of the variable cross-section prefabricated 

square pile shown in FIG. 1 from another perspective; FIG. 3 is the top view of the variable 

cross-section prefabricated square pile shown in FIG. 1; and FIG. 4 is a partial enlarged view 

of part A in FIG. 3. 

[0107] As shown in the Figure, in the first embodiment, in the concrete variable 

cross-section prefabricated pile provided by the present application, the pile body 1 is 

alternately arranged with four small-section segments 2 and three large-section segments 3 

along the front and rear directions, the cross sections of the large-section segment 3 and the 
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small-section segment 2 are generally rectangular, the top surface, right side surface and 

bottom surface of the pile body are flat, and the left side surface is concave-convex surface. 

The left side of each large-section segment 3 protrudes outward relative to the small-section 

segment 2, and a lateral transition surface 4 is formed between each small-section segment 2 

and the left convex portion 5. 

[0108] Taking a small-section segment 2 in the middle as an example, the surfaces on both 

sides, that is, the left and right surfaces shown in the Figure are perpendicular to the bottom 

surface. The left and right side surfaces of the large-section segment 3 are also perpendicular 

to the bottom surface. The lateral transition surface 3 formed between the small-section 

segment 2 and the front large-section segment 3 is a first transition surface 4-1, and the lateral 

transition surface formed between the small-section segment 2 and the rear large-section 

segment 3 is a second transition surface 4-2. 

[0109] The first transition surface 4-1 is an inclined plane, and its front edge 4-1-1 and rear 

edge 4-1-2 are straight edges, which are parallel to each other. The front edge 4-1-1 and the 

rear edge 4-1-2 are deviated from the vertical direction in lateral projection, and inclined 

forward at a certain angle from top to bottom. As can be seen from the top view, if the 

intersection line between any two horizontal planes and the first transition surface 4-1 is 

vertically projected, the vertical projection L1 of the intersection line between the first 

transition surface 4-1 and the first horizontal plane is located outside the vertical projection 

L2 of the intersection line between the first transition surface 4-1 and the second horizontal 

plane, where the first horizontal plane 4-1 is an upper horizontal plane among any two 

horizontal planes, and the second horizontal plane is a lower horizontal plane among any two 

horizontal planes. 

[0110] The second transition surface 4-2 is an inclined plane, and its front edge 4-2-1 and 

rear edge 4-2-2 are straight edges, which are parallel to each other. The laterally projections of 

the front edge 4-2-1 and the rear edge 4-2-2 maintain in a vertical direction without being 

inclined forward or backward. 

[0111] The variable cross-section prefabricated square pile with this structure may enhance 

the strength of the top surface and the lateral transition surface 4, so that the compressive 

strength of the top surface of the variable-section prefabricated square pile is enhanced when 
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being lifted, and the tensile force on the bottom surface is reduced, which further improves the 

bending resistance of the variable-section prefabricated square pile, reduces the generation of 

cracks during the lifting of the variable-section prefabricated square pile, improves the quality 

of the pile body, and reduces the rate of abandoned piles. 

[0112] Moreover, since the front edge 4-1-1 and the rear edge 4-1-2 of the first transition 

surface 4-1 in the lateral projection are deviated from the vertical direction, the area of the 

first transition surface 4-1 is increased, and the side friction coefficient is changed, thereby 

improving the side friction resistance and compressive and pullout resistance of the variable 

cross-section prefabricated square pile body. Under the same working conditions, the 

specifications of prefabricated piles can be less, the cost performance can be improved, 

conforming to the national policy of energy conservation and emission reduction. 

[0113] In addition, the demoulding efficiency of the variable cross-section prefabricated 

square pile can be improved, and the quality of the pile body can be improved. For example, 

in the demoulding process, the prestress and the tensile force can be released, which can 

effectively prevent a protrusion of a die from being stuck at the variable cross-section. It may 

further reduce the damage of the corrugate joints of the variable cross-section prefabricated 

square piles, reduce the labor consumption of manual repairing for the damage, and the 

integrity of the pile body is good, and the strength of the pile body is high. 

[0114] Referring to FIG. 5 and FIG. 6, FIG. 5 is a top view of the variable cross-section 

prefabricated square pile disclosed in the second embodiment of the present application, and 

FIG. 6 is a partial enlarged view of part B in FIG. 5; 

[0115] In this embodiment, the same reference numerals represent the same parts with those 

in the first embodiment, and the same descriptions to which are omitted. 

[0116] As shown in the Figure, in the second embodiment, the left side surface and right 

side surface of the small-section segment 2 are not perpendicular to the bottom surface, and 

inclined to the inside of the pile body at a set angle from top to bottom instead. Similarly, the 

left side surface and right side surface of the large-section segment 3 are not perpendicular to 

the bottom surface, but inclined to the inside of the pile body at a set angle from top to bottom 

instead. 

[0117] As such, in the top view, the upper edge 2-1 and the lower edge 2-2 (shown by dotted 
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line) of the small-section segment 2 are no longer overlapped, and the vertical projection of 

the lower edge 2-2 is located inside the vertical projection of the upper edge 2-1. Similarly, 

the upper edge 3-1 and the lower edge 3-2 (shown by dotted lines) of the large-section 

segment 3 are no longer overlapped, and the vertical projection of the lower edge 3-2 is 

located inside the vertical projection of the upper edge 3-1. 

[0118] Two lateral transition surfaces 4 (see FIG. 7) described above, which are symmetrical 

front-back, can be formed on the same left convex portion 5 based on the first embodiment. 

Two lateral transition surfaces 4 (see FIG. 8) described above, which are symmetrical 

front-back, can also be formed on the same left convex portion 5 based on the second 

embodiment, so as to obtain a third, fourth and more embodiments. 

[0119] Referring to FIG. 9 and FIG. 10, FIG. 9 is the structural schematic view of the 

variable cross-section prefabricated square pile disclosed in the fifth embodiment of the 

present application, and FIG. 10 is the top view of the variable cross-section prefabricated 

square pile shown in FIG. 9. 

[0120] In this embodiment, the same reference numerals represent the same parts with those 

in the second embodiment, and the same descriptions to which are omitted. 

[0121] As shown in the Figure, on the basis of the second embodiment, the right side of the 

pile body 1 is also provided with three spaced right convex portions 6 protruding from the pile 

body. The convex portion 5 on the left side of the pile body 1 is mirror-symmetrical with the 

convex portion 6 on the right side. 

[0122] The left convex portion 5 and the right convex portion 6, which are 

mirror-symmetrical, enable the variable cross-section prefabricated square pile to be subjected 

to more uniform force as being driven into a soil mass, so as to keep the pile body vertically 

entering the soil mass. 

[0123] Referring to FIG. 11, FIG. 11 is the structural schematic view of the variable 

cross-section prefabricated square pile disclosed in the sixth embodiment of the present 

application. 

[0124] In this embodiment, the same reference numerals represent the same parts with those 

in the third embodiment, and the same descriptions to which are omitted. 
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[0125] As shown in the Figure, on the basis of the third embodiment, a large-section 

segment 3 is provided at two ends of the pile body 1, and the cross-sections of the 

large-section segments 3 at the two ends are basically the same with the cross-sections of the 

large-section segment 3 in the middle. This structural design can effectively improve the pile 

end bearing capacity of the pile body and improve the impact resistance of the pile end, and it 

can compromise the pile end bearing capacity, pile pressing force and side friction resistance 

in an optimal situation. 

[0126] Compared with the third embodiment, this embodiment can not only bear uniform 

force during pile driving and ensure vertical entry into the soil mass, but also effectively 

improve the pile end bearing capacity. 

[0127] Referring to FIG. 12, FIG. 12 is the structural schematic view of the variable 

cross-section prefabricated square pile disclosed in the seventh embodiment of the present 

application. 

[0128] In this embodiment, the same reference numerals represent the same parts with those 

in the third embodiment, and the same descriptions to which are omitted. 

[0129] As shown in the Figure, on the basis of the third embodiment, three upper convex 

portions 7 protruding from the pile body is provided on the top surface of the pile body 1, and 

three lower convex portions 8 protruding from the pile body are provided on the bottom 

surface of the pile body 1. 

[0130] Compared with the third embodiment, the variable cross-section prefabricated square 

pile of this embodiment are further provided with a upper convex portion 7 and a lower 

convex portion 8, which further improves the bending strength of the pile body. On the other 

hand, the contact area between the pile body and soil mass is further increased, which 

increases the side friction resistance. Furthermore, the left convex portion 5 and the right 

convex portion 6 are in uniform transition both with the lower convex portion 8 and the upper 

convex portion7, which facilitates of manufacturing and has a compact structure and a good 

mechanical performance. 

[0131] In this embodiment, the above structural design makes each convex portion form in a 

closed ring shape, which enhances the integrity of the variable cross-section prefabricated 

square pile and achieves an optimal bending performance of the pile body. The strength of the 
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convex portion is enhanced in a certain extent, and the anti-crushing ability is further 

improved. 

[0132] Referring to FIG. 13 to FIG. 16, FIG. 13 is the structural schematic view of the 

variable cross-section prefabricated square pile disclosed in the eighth embodiment of the 

present application; FIG. 14 is a partial enlarged view of FIG. 13; FIG. 15 is a bottom view of 

FIG. 14; and FIG. 16 is a side view of the variable cross-section prefabricated square pile 

shown in FIG. 13. 

[0133] In this embodiment, the same reference numerals represent the same parts with those 

in the seventh embodiment, and the same descriptions to which are omitted. 

[0134] As shown in the Figure, on the basis of the seventh embodiment, large-section 

segments 3 are formed at two ends of the pile body 1, and the cross-sections of the 

large-section segments 3 at two ends are basically the same with the cross-sections of the 

large-section segment 3 in the middle. Compared with the small-section segment 2, the 

large-section segment 3 has a left convex portion 5, a right convex portion 6, an upper convex 

portion 7 and a lower convex portion 8 in the circumferential direction. 

[0135] This structural design can effectively improve the pile end bearing capacity of the 

pile body and improve the impact resistance of the pile end, and it can compromise the pile 

end bearing capacity, pile pressing force and side friction resistance in an optimal situation. 

[0136] The length of the large-section segment 3 at both ends of the pile body 1 is greater 

than the length of the large-section segment 3 in the middle part, the length of the 

large-section segments 3 at both ends of the pile body is approximately 2 to 6 times the length 

of the large-section segment 3 in the middle part, so as to improve the structural strength and 

impact resistance of the pile ends. 

[0137] Compared with the seventh embodiment, this embodiment can not only be subject to 

a uniform force during pile driving and ensure vertical entry into the soil mass, but also 

effectively improve the pile end bearing capacity. 

[0138] Based on the eighth embodiment, more embodiments can be made by changing the 

shapes of the upper and lower edges of the large-section segment 3 of the pile body. For 

example, the bottom edge of the variable-section prefabricated square pile has beveled 

chamfers (see FIG. 17, FIG. 18), or the top edge of the variable-section prefabricated square 
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pile has a smooth transition, that is, rounding chamfers (see FIG. 19 and FIG. 20), or the top 

and bottom edges of variable-section prefabricated square piles both have beveled chamfers 

(see FIG. 21, FIG. 22), or the top edge of the variable-section prefabricated square pile has 

beveled chamfers and the bottom edge has a smooth transition (see FIG. 23 and FIG. 24). 

[0139] In addition, on the basis of the sixth embodiment shown in FIG. 11, the embodiment 

shown in FIG. 25 can be obtained in a case that the large-section segment 3 in the middle part 

is removed, only the large-section segments 3 at both ends are provided, and the length of the 

pile body is shortened. Or, only one large-section segment 3 located in the middle part is 

provided, so as to obtain the embodiment shown in FIG. 26. On the basis of FIG. 25 and FIG. 

26, other embodiments are made by further providing the upper convex portion 7 and the 

lower convex portion 8 to the large-section segment 3. Although the lengths of the pile bodies 

1 in these embodiments are short, they can be connected to each other by butting multiple of 

these so as to form a prefabricated pile with a longer size, thereby achieving substantially the 

same use effect with the other embodiments described above. 

[0140] Referring to FIG. 27 to FIG. 30, FIG. 27 is the structural schematic view of the 

variable cross-section prefabricated square pile disclosed in the eleventh embodiment of the 

present application; FIG. 28 is a side view of the variable cross-section prefabricated square 

pile shown in FIG. 27; FIG. 29 is a bottom view of the variable cross-section prefabricated 

square pile shown in FIG. 27; and FIG. 30 is a partial enlarged view of part C in FIG. 29. 

[0141] In this embodiment, the same reference numerals represent the same parts with those 

in the eighth embodiment, and the same descriptions to which are omitted. 

[0142] As shown in the Figure, on the basis of the eighth embodiment, the lateral transition 

surfaces 4 of two small-section segments 2 are symmetrical in the front-rear direction. The 

lateral transition surface 4 will be described below by taking a small-section segment 2 on the 

front side as an example. 

[0143] This small-section segment 2 has a first transition surface 4-1 at the front and a 

second transition surface 4-2 at the rear, the front edge 4-1-1 and the rear edge 4-1-2 of the 

first transition surface 4-1 are parallel and inclined forward from top to bottom; the front edge 

4-2-1 of the second transition surface 4-2 is inclined backward from top to bottom and the 

rear edge 4-2-2 of the second transition surface 4-2 is inclined forward from top to bottom. 
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The front edge and the rear edge are not parallel, and the lateral projection of the front edge 

and the rear edge forms a trapezoidal waistline with being long in top and short in bottom. 

[0144] It can be seen from the bottom view that the vertical projection of the upper edge 

4-2-3 of the second transition surface 4-2 is located outside the vertical projection of the lower 

edge 4-2-4 of the second transition surface 4-2. If the intersection line between any two 

horizontal planes and the second transition surface 4-2 is projected vertically, the vertical 

projection of the intersection line between the second transition surface 4-2 and the first 

horizontal plane can be located outside the vertical projection of the intersection line between 

the second transition surface 4-2 and the second horizontal plane. The first horizontal plane is 

an upper horizontal plane among any two horizontal planes, and the second horizontal plane is 

a lower horizontal plane among any two horizontal planes. Furthermore, the extension line of 

the vertical projection of the intersection line between the second transition surface 4-2 and 

the first horizontal plane and the extension line of the vertical projection of the intersection 

line between the second transition surface 4-2 and the second horizontal plane are intersected 

at one point. 

[0145] Referring to FIG. 31, FIG. 31 is a schematic view of concentrated display of type 

(a)~(g) lateral transition surfaces formed on the pile body. 

[0146] As shown in the Figure, in other embodiments, the lateral transition surface 4 of the 

small-section segment 2 may have various forms. 

[0147] The first transition surface 4-1 in the lateral transition surface 4 of type (a) shown in 

the Figure is a plane, the front edge 4-1-1 and rear edge 4-1-2 of which are parallel. Viewed 

from the side, the width between the front edge 4-1-1 and the rear edge 4-1-2 remains 

constant, which has been described in the previous embodiments. 

[0148] The first transition surface 4-1 in the lateral transition surface 4 of type (b) shown in 

the Figure is a twisted surface, the lateral projection of the front edge 4-1-1 of which inclines 

forward from top to bottom, and the lateral projection of the rear edge 4-1-2 inclines 

backward from top to bottom. Viewed from the side, the width between the front edge 4-1-1 

and the rear edge 4-1-2 gradually increases from top to bottom. 

[0149] The first transition surface 4-1 in the lateral transition surface 4 of type (c) shown in 

the Figure is a twisted surface, the lateral projection of the front edge 4-1-1 of which inclines 
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forward from top to bottom, and the lateral projection of the rear edge 4-1-2 remains vertical. 

Viewed from the side, the width between the front edge 4-1-1 and the rear edge 4-1-2 

gradually increases from top to bottom. 

[0150] The first transition surface 4-1 in the lateral transition surface 4 of type (d) shown in 

the Figure is a twisted surface, the lateral projection of the front edge 4-1-1 of which remains 

vertical, and the lateral projection of the rear edge 4-1-2 inclines backward from top to bottom. 

Viewed from the side, the width between the front edge 4-1-1 and the rear edge 4-1-2 

gradually increases from top to bottom. 

[0151] The first transition surface 4-1 in the lateral transition surface 4 of type (e) shown in 

the Figure is a twisted surface, the lateral projection of the front edge 4-1-1 of which inclines 

backward from top to bottom, and the lateral projection of the rear edge 4-1-2 inclines 

forward from top to bottom. Viewed from the side, the width between the front edge 4-1-1 

and the rear edge 4-1-2 gradually decreases from top to bottom. 

[0152] The first transition surface 4-1 in the lateral transition surface 4 of type (f) shown in 

the Figure is a twisted surface, the lateral projection of the front edge 4-1-1 of which remains 

vertical, and the lateral projection of the rear edge 4-1-2 inclines forward from top to bottom. 

Viewed from the side, the width between the front edge 4-1-1 and the rear edge 4-1-2 

gradually decreases from top to bottom. 

[0153] The first transition surface 4-1 in the lateral transition surface 4 of type (g) shown in 

the Figure is a twisted surface, the lateral projection of the front edge 4-1-1 of which inclines 

backward from top to bottom, and the lateral projection of the rear edge 4-1-2 remains vertical. 

Viewed from the side, the width between the front edge 4-1-1 and the rear edge 4-1-2 

gradually decreases from top to bottom. 

[0154] The intersection line between the first transition surface 4-1 of the types (a) to (g) 

described above and the horizontal plane is a straight line. 

[0155] Referring to FIG. 32, FIG. 32 is a schematic view of concentrated display of type 

(h)~(n) lateral transition surfaces formed on the pile body. 

[0156] As shown in the Figure, in other embodiments, the lateral transition surface 4 of the 

small-section segment 2 may have various forms. 
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[0157] The first transition surface 4-1 in the lateral transition surface 4 of type (h) shown in 

the Figure is a concave surface, which can be a cylindrical surface or an elliptical cylindrical 

surface. The front edge 4-1-1 and the rear edge 4-1-2 of the first transition surface are parallel. 

Viewed from the side, the width between the front edge 4-1-1 and the rear edge 4-1-2 remains 

constant from top to bottom. 

[0158] The first transition surface 4-1 in the lateral transition surface 4 of type (i) shown in 

the Figure is a tapered or twisted surface, the lateral projection of the front edge 4-1-1 of 

which inclines forward from top to bottom, and the lateral projection of the rear edge 4-1-2 

inclines backward from top to bottom. Viewed from the side, the width between the front edge 

4-1-1 and the rear edge 4-1-2 gradually increases from top to bottom. 

[0159] The first transition surface 4-1 in the lateral transition surface 4 of type (j) shown in 

the Figure is a tapered or twisted surface, the lateral projection of the front edge 4-1-1 of 

which inclines forward from top to bottom, and the lateral projection of the rear edge 4-1-2 

remains vertical. Viewed from the side, the width between the front edge 4-1-1 and the rear 

edge 4-1-2 gradually increases from top to bottom. 

[0160] The first transition surface 4-1 in the lateral transition surface 4 of type (k) shown in 

the Figure is a tapered or twisted surface, the lateral projection of the front edge 4-1-1 of 

which remains vertical, and the lateral projection of the rear edge 4-1-2 inclines backward 

from top to bottom. Viewed from the side, the width between the front edge 4-1-1 and the rear 

edge 4-1-2 gradually increases from top to bottom. 

[0161] The first transition surface 4-1 in the lateral transition surface 4 of type (l) shown in 

the Figure is a tapered or twisted surface, the lateral projection of the front edge 4-1-1 of 

which remains vertical, and the lateral projection of the rear edge 4-1-2 inclines forward from 

top to bottom. Viewed from the side, the width between the front edge 4-1-1 and the rear edge 

4-1-2 gradually decreases from top to bottom. 

[0162] The first transition surface 4-1 in the lateral transition surface 4 of type (m) shown in 

the Figure is a tapered or twisted surface, the lateral projection of the front edge 4-1-1 of 

which inclines backward from top to bottom, and the lateral projection of the rear edge 4-1-2 

inclines forward from top to bottom. Viewed from the side, the width between the front edge 

4-1-1 and the rear edge 4-1-2 gradually decreases from top to bottom. 
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[0163] The first transition surface 4-1 in the lateral transition surface 4 of type (n) shown in 

the Figure is a tapered or twisted surface, the lateral projection of the front edge 4-1-1 of 

which inclines backward from top to bottom, and the lateral projection of the rear edge 4-1-2 

remains vertical. Viewed from the side, the width between the front edge 4-1-1 and the rear 

edge 4-1-2 gradually decreases from top to bottom. 

[0164] The intersection line between the first transition surface 4-1 of the types (h) to (n) 

described above and the horizontal plane is an inwardly concave arc. 

[0165] Referring to FIG. 33, FIG. 33 is a schematic view of concentrated display of type 

(o)~(u) lateral transition surfaces formed on the pile body. 

[0166] As shown in the Figure, in other embodiments, the lateral transition surface 4 of the 

small-section segment 2 may have various forms. 

[0167] The first transition surface 4-1 in the lateral transition surface 4 of type (o) shown in 

the Figure is a convex surface, which can be a cylindrical surface or an elliptical cylindrical 

surface. The front edge 4-1-1 and the rear edge 4-1-2 of the first transition surface are parallel. 

Viewed from the side, the width between the front edge 4-1-1 and the rear edge 4-1-2 remains 

constant from top to bottom. 

[0168] The first transition surface 4-1 in the lateral transition surface 4 of type (p) shown in 

the Figure is a tapered or twisted surface, the lateral projection of the front edge 4-1-1 of 

which inclines backward from top to bottom, and the lateral projection of the rear edge 4-1-2 

inclines forward from top to bottom. Viewed from the side, the width between the front edge 

4-1-1 and the rear edge 4-1-2 gradually decreases from top to bottom. 

[0169] The first transition surface 4-1 in the lateral transition surface 4 of type (q) shown in 

the Figure is a tapered or twisted surface, the lateral projection of the front edge 4-1-1 of 

which remains vertical, and the lateral projection of the rear edge 4-1-2 inclines forward from 

top to bottom. Viewed from the side, the width between the front edge 4-1-1 and the rear edge 

4-1-2 gradually decreases from top to bottom. 

[0170] The first transition surface 4-1 in the lateral transition surface 4 of type (r) shown in 

the Figure is a tapered or twisted surface, the lateral projection of the front edge 4-1-1 of 

which inclines backward from top to bottom, and the lateral projection of the rear edge 4-1-2 

remains vertical. Viewed from the side, the width between the front edge 4-1-1 and the rear 
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edge 4-1-2 gradually decreases from top to bottom. 

[0171] The first transition surface 4-1 in the lateral transition surface 4 of type (s) shown in 

the Figure is a tapered or twisted surface, the lateral projection of the front edge 4-1-1 of 

which inclines forward from top to bottom, and the lateral projection of the rear edge 4-1-2 

inclines backward from top to bottom. Viewed from the side, the width between the front edge 

4-1-1 and the rear edge 4-1-2 gradually increases from top to bottom. 

[0172] The first transition surface 4-1 in the lateral transition surface 4 of type (t) shown in 

the Figure is a tapered or twisted surface, the lateral projection of the front edge 4-1-1 of 

which remains vertical, and the lateral projection of the rear edge 4-1-2 inclines backward 

from top to bottom. Viewed from the side, the width between the front edge 4-1-1 and the rear 

edge 4-1-2 gradually increases from top to bottom. 

[0173] The first transition surface 4-1 in the lateral transition surface 4 of type (u) shown in 

the Figure is a tapered or twisted surface, the lateral projection of the front edge 4-1-1 of 

which inclines forward from top to bottom, and the lateral projection of the rear edge 4-1-2 

remains vertical. Viewed from the side, the width between the front edge 4-1-1 and the rear 

edge 4-1-2 gradually increases from top to bottom. 

[0174] The intersection line between the first transition surface 4-1 of the types (o) to (u) 

described above and the horizontal plane is an outwardly convex arc. 

[0175] Referring to FIG. 34, FIG. 34 is a schematic view of concentrated display of type 

(v)~(w) lateral transition surfaces formed on the pile body. 

[0176] As shown in the Figure, in other embodiments, the lateral transition surface 4 of the 

small-section segment 2 may have various forms. 

[0177] The first transition surface 4-1 in the lateral transition surface 4 of type (v) shown in 

the Figure is a convex surface, the front edge 4-1-1 and rear edge 4-1-2 of which are in shape 

of paralleled arcs, and bend forward from top to bottom. Viewed from the side, the width 

between the front edge 4-1-1 and the rear edge 4-1-2 remains constant. 

[0178] The first transition surface 4-1 in the lateral transition surface 4 of type (w) shown in 

the Figure is a concave surface, the front edge 4-1-1 and rear edge 4-1-2 of which are in shape 

of parallel arcs, and bend forward from top to bottom. Viewed from the side, the width 
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between the front edge 4-1-1 and the rear edge 4-1-2 remains constant. 

[0179] Although the large-section segment 3 in the middle shown in FIG. 31 to FIG. 34 is 

formed with an improved first transition surface 4-1 only on one side, it can be understood 

that, for each large-section segment 3 located in the middle, the lateral transition surfaces 4 on 

both sides thereof can be configured as the symmetrical structure as shown in FIG. 35. In 

addition, the lateral transition surfaces 4 located on both sides of the large-section segment 3 

in the middle may also be any two different types of lateral transition surfaces above. 

[0180] The prefabricated variable cross-section square piles are prefabricated by reinforced 

concrete in the workshop. After the prefabricated piles are connected, gaps easily appear at 

the joint of piles, so it is easy for the underground acid and alkali corrosive substances to enter 

from the gaps into the piles to corrode the metal connection pieces. To solve this technical 

problem, the solutions in the following embodiments can be adopted. 

[0181] In these embodiments, the end structure and internal reinforcement structure of 

prefabricated square piles with variable cross-section are mainly introduced. For the sake of 

simplicity, the variable cross-section prefabricated square pile shown in the Figure adopts a 

simplified drawing method, and the large-section segment, small-section segment and lateral 

transition surface are not shown. Such omission may not affect the understanding and 

reproduction to the technical solutions of the present application by those skilled in the art. 

[0182] Referring to FIG. 36, FIG. 36 is a schematic view of the installation structure of the 

variable cross-section prefabricated square pile disclosed in the twelfth embodiment of the 

present application. 

[0183] As shown in the Figure, a variable cross-section prefabricated square pile is provided 

according to this embodiment. The variable cross-section prefabricated square pile is a 

concrete member prefabricated in a factory, and there is usually a skeleton composed of 

several steel bars inside, and multiple connecting holes 9, which are spaced apart, are 

provided on the pile end surface 19 corresponding to the steel bars. A mechanical connection 

piece 14 is installed in the connecting hole 9 for connecting with other external objects, so as 

to realize continuous stress transmission and improve the connection strength and reliability 

between the prefabricated concrete components. 

[0184] In this embodiment, the external object is a concrete member, such as a bearing 
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platform, a foundation, etc., where the mechanical connection piece 14 is a mechanical 

connection piece commonly used in the field (e.g., the connection pieces disclosed in patent 

documents CN201510649253.6, CN201510314380.0, etc.). 

[0185] Specifically, at least one pile end surface 19 of the prefabricated pile has a groove 11, 

which is configured to at least partially accommodate a storage block 10 in which the viscous 

substance 12 is stored. In a case that the pile end surface 19 abuts the external object, the 

storage block 10 is pressed so as to release the viscous substance 12. The viscous substance 

12 overflows the groove 11 to separate the connecting hole 9 and the edge of the pile end 

surface 19 closest to the connecting hole in order to protect the mechanical connection piece 

14 and prevent dust, sediment, water, etc. from entering the mechanical connection piece 14 

through the gaps between the pile end surface 19 and external objects and thus corroding the 

mechanical connection piece 14. 

[0186] In this embodiment, the upper and lower end surfaces of the prefabricated piles are 

provided with grooves 11, respectively, as shown in FIG. 36. In order to make the viscous 

substance 12 evenly protect all mechanical connection pieces 14 in the connecting holes 9, the 

groove 11 is placed at the center of the pile end surface 19 of the prefabricated pile, and the 

shape of the groove 11 can be set according to the shape of the pile end surface 19 of the 

prefabricated pile, which can be circle, ring, rectangle or regular polygon, etc.. The groove 11 

can also be annular, surrounding all the connecting holes 9. Or, each connecting hole 9 is 

surrounded by one groove 11 to separate the connecting hole 9 from the edge of the pile end 

surface 19, as shown in FIG. 37 to FIG. 38. Since the viscous substance 12 has fluidity, it can 

flow along the pile end surface 19 after being squeezed out of the groove 11. The annular 

groove 11 may also only surround some connecting holes 9, or only some connecting holes 9 

are surrounded one an annular groove 11, respectively. In a case that the pile end surface 19 is 

provided with multiple grooves 11, combination of which can be made according to the 

shapes and positions thereof, as shown in FIG. 39 to FIG. 40. Of course, the groove 11 may 

also have other shapes, other positions and combinations, which are not limited to the 

situation shown in this embodiment. 

[0187] As a preferred technical means, in order to ensure that the storage block 10 can be 

stably placed in the groove 11 and compressed, and a sufficient amount of the viscous 

substance 12 can be stored in the groove 11 after overflowing out the groove 11, the depth of 
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the groove 11 is set to be greater than 0.5% of the diameter of the prefabricated pile and less 

than the height of the storage block 10. With this structure, when the pile end surface 19 of 

prefabricated pile is inclined due to production error, a sufficient blocking surface can be 

provided by the groove 11 to the storage block 10 placed in the groove so as to prevent the 

storage block 10 from toppling over. 

[0188] Referring to Fig. 41 and FIG. 42, FIG. 41 is a schematic view of the pile connection 

process of the variable cross-section prefabricated square pile disclosed in the thirteenth 

embodiment of the present application; and FIG. 42 is a schematic view of the completion 

state of pile connection process of the variable cross-section prefabricated square pile in FIG. 

41. 

[0189] In this embodiment, the same reference numerals represent the same parts with those 

in the twelfth embodiment, and the same descriptions to which are omitted. 

[0190] A pile connecting structure is provided according to this embodiment, which includes 

a viscous substance 12, at least two prefabricated piles which are vertically butted in sequence, 

and at least one storage block 10 which is located between two adjacent prefabricated piles 

and stores the viscous substance. At least one of the two adjacent prefabricated piles is the 

prefabricated pile provided in the first embodiment, and the two adjacent prefabricated piles 

that are vertically butted in sequence are the prefabricated piles in the upper section and the 

prefabricated piles in the lower section, respectively. Compressing the storage block 10 can 

release the viscous substance 12 to eliminate and/or fill the gap between the pile connecting 

end surfaces of two adjacent prefabricated piles. 

[0191] The grooves 11 are provided in the lower end surface of the prefabricated pile of the 

upper section and the upper end surface of the prefabricated pile of the lower section, 

respectively, and the positions of the grooves 11 on the two prefabricated piles correspond to 

each other and the shapes of the grooves 11 are matched. The shapes of the grooves 11 on the 

two prefabricated piles can also be incompatible, and the space where the grooves 11 on the 

two prefabricated piles overlap in the axial direction can accommodate the storage block 10. 

In order to facilitate the storage block 10 of being completely placed in the groove 11 after the 

pile connection, the minimum thickness that the storage block 10 can reach after being 

compressed is less than or equal to the sum of the depths of the corresponding two grooves 11. 
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Of course, the shapes of the corresponding grooves 11 may also be incompatible or not 

corresponding. In order to ensure the storage block 10 to be completely placed in the groove 

11 after the pile connection, the minimum thickness that the storage block 10 can reach after 

being compressed is less than or equal to the depth of the groove 11 where it is located. As 

another preferred solution, a groove 11 is provided only on any one pile end surfaces 19 

among the lower end surface of the prefabricated pile of the upper section and the upper end 

surface of the prefabricated pile of the lower section. In order to facilitate the storage block 10 

of being completely placed in the groove 11 after the pile connection, the minimum thickness 

that the storage block 10 can reach after being compressed is less than or equal to the depth of 

the groove 11. Of course, whether the grooves 11 are provided on the end surfaces of the two 

prefabricated piles as well as the positions of the grooves 11 can be set according to the real 

situation, and other positions and combinations are also possible, which is not limited to the 

situation shown in this embodiment. The storage block 10 is an elastic water-absorbing 

material, such as a sponge, etc., which has good elasticity and water absorption, and can 

absorb and store a large amount of viscous substances 12. The viscous substance 12 is 

generally a flowable and curable material such as epoxy resin or modified epoxy resin. When 

the end surfaces for pile connection of the upper prefabricated pile and the lower 

prefabricated pile are close to each other until abutting, the storage block 10 is compressed by 

the pressing force of the upper prefabricated pile and the lower prefabricated pile, as shown in 

FIG. 41. The viscous substance 12 is squeezed from the storage block 10 and overflows the 

groove 11 to cover the pile end surface 19, thereby isolating the pile end surface 19, 

preventing it from contacting with the outside air, water or sand, etc., and sealing and 

corrosion protecting the end surface of the prefabricated pile; the storage block 10 may also 

be a capsule made of flexible material, filled with a certain amount of viscous substance 12 

inside. When being pressed by the pile end surface 19, the storage block 10 is cracked, and 

the viscous substance 12 flows out from the above broken gap. Alternatively, the storage 

block 10 is porous, the pores are expanded as being compressed, and the viscous substance 12 

is squeezed from the small pores. 

[0192] With the above structure, the process of manually applying the viscous substance 12 

is omitted. As shown in FIG. 41, after the upper prefabricated pile is lifted and aligned with 

the lower prefabricated pile, the mechanical connection piece is filled with viscous substance 
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12, and the storage block 10 dipped with viscous substance 12 or prepared in advance with 

viscous substance 12 inside is put into the groove 11. When the viscous substance 12 stored in 

the storage block 10 reaches a certain amount, the step of injecting the viscous substance 12 

into the mechanical connection piece 14 can be further omitted. The viscous substance 12 in 

the storage block 10 flows into and fills the mechanical connection piece 14 through the pile 

end surface 19, which is convenient and quick, and improves the working efficiency. 

Meanwhile, since the volume of the storage block 10 is a reserved value, that is, the viscous 

substance 12 stored in the storage block 10 is also a reserved value, the quantitative use of the 

viscous substance 12 is realized, which avoid the waste of the viscous substance 12 caused by 

improper operation, and the cost is saved. The prefabricated pile in the upper section is 

pressed down, and thus the viscous substance 12 in the storage block 10 is squeezed out and 

flows along the pile end surface 19; and the pressing-down is continued until the pile end 

surfaces are fitted together, and the storage block 10 is completely compressed in the groove 

11, as shown in FIG. 42, at this time, the pile connection is completed. Due to the elastic 

effect of the storage block 10, it is tightly attached to the inner wall of the groove 11 after 

being compressed, and the storage block 10 still has a certain amount of viscous substance 12. 

After the viscous substance 12 is solidified, the upper prefabricated pile and the lower 

prefabricated pile are connected into one piece, which ensures the pass rate for small strain 

detection and improves the pile connection performance of the prefabricated pile. 

[0193] Referring to FIG. 43, FIG. 44 and FIG. 45, FIG. 43 is a schematic view of the 

connecting structure of the variable cross-section prefabricated square pile disclosed in the 

fourteenth embodiment of the present application; FIG. 44 is a schematic view of the 

completion state of the pile connection of the variable cross-section prefabricated square pile 

in FIG. 43; and FIG. 45 is an enlarged view of the structure at D in FIG. 43. 

[0194] In this embodiment, the same reference numerals represent the same parts with those 

in the thirteenth embodiment, and the same descriptions to which are omitted. 

[0195] Compared with the thirteenth embodiment, the pile connecting structure of the 

embodiment further includes a corrosion-resistant sealing ring 15, and the sealing ring 15 is 

sleeved at the joint of two adjacent vertically butted prefabricated piles. The sealing ring 15 is 

sleeved on the pile body close to the pile end surface 19 before performing the pile connection, 

and then the abutment for two prefabricated piles is carried out. After the pile connection is 
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completed, the sealing ring 15 is dragged to move to the joint of the end surfaces of the two 

prefabricated piles and wrap it. Since the sealing ring 15 has certain elasticity, after the 

completion of sleeve connection, the sealing ring 15 is pressed against the prefabricated pile 

to seal the joint of the pile end surface 19, which prevents the viscous substance 12 from 

flowing out without solidification and reduces the loss of the viscous substance 12. 

[0196] Further, the diameter of the pile end of the prefabricated pile is less than the diameter 

of the pile body, and the thickness of the sealing ring 15 is less than or equal to 1/2 of the 

difference between the diameter of the pile body and the diameter of the pile end. The width 

of the sealing ring 15 is less than or equal to twice the length of the pile end, so as to ensure 

that the sealing ring 15 does not protrude from the pile body, and the soil will not push the 

sealing ring 15 away from the original position when piling. Preferably, in order to facilitate 

the installation of the sealing ring 15, a smooth transition portion 18 is provided between the 

pile end and the pile body. 

[0197] Referring to FIG. 46, FIG. 47, FIG. 55, FIG. 56, FIG. 46 is a schematic structural 

view of the rigid skeleton of the variable cross-section prefabricated square pile disclosed in 

the fifteenth embodiment of the present application; FIG. 47 is an end view of the rigid 

skeleton shown in FIG. 46; FIG. 55 is a schematic structural view of an auxiliary stirrup; and 

FIG. 56 is a schematic structural view of a rigid mesh enclosure; 

[0198] As shown in the Figure, the rigid skeleton for the pile of the variable cross-section 

prefabricated square pile in this embodiment includes: a rigid skeleton for prefabricated piles 

which is formed multiple main reinforcements 21 being spaced apart and wound to form a 

reserved cavity, and a skeleton stirrup 22 for fastening and fixing the main reinforcement 

skeleton. The ends of the main reinforcement skeletons are bound with rigid mesh enclosures 

26 and/or rigid meshes 23 to enhance the structural strength of the prefabricated piles. The 

ends of the main reinforcement skeleton are fastened and fixed by auxiliary stirrups 24, and 

an interval between the auxiliary stirrups 24 is less than or equal to an interval of the skeleton 

stirrups. 

[0199] Specifically, a rigid mesh enclosure 26 is provided at the end of the main 

reinforcement skeleton, and auxiliary stirrups 24 are wound around the end of the main 

reinforcement skeleton. The rigid mesh enclosure 26 and the main reinforcement 21 are 
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tightened, which can prevent the main reinforcement 21 at the end of the main reinforcement 

skeleton from being blasted by pumping concrete when making concrete prefabricated piles, 

and protect the end structure of the main reinforcement skeleton. It may also prevent the main 

reinforcement 21 from being blasted by the impact during piling, and enhance the structural 

strength of the end of the concrete prefabricated pile. If the interval between the auxiliary 

stirrups and the main reinforcement 21 is relative great, it cannot prevent the main 

reinforcement skeleton from being blasted, so the auxiliary stirrups 24 need to be close to the 

main reinforcement 21. Also, the structural strength of the main reinforcement skeleton can be 

better enhanced by limiting the interval between the auxiliary stirrups 24. Preferably, the rigid 

skeleton for the prefabricated pile is a steel cage, the frame stirrups and the auxiliary stirrups 

are spiral stirrups, and the rigid mesh enclosure 26 is a rebar mesh enclosure. 

[0200] Preferably, the auxiliary stirrups 24 and the rigid mesh enclosure 26 are fixedly 

connected, where the auxiliary stirrups 24 are located outside the rigid mesh enclosure 26. 

After the rigid mesh enclosures 26 are bound at the end of the main reinforcement skeleton, 

the auxiliary stirrups 24 are ferruled around the rigid mesh enclosure 26, so that the main 

reinforcement skeleton can bear greater peening force and the auxiliary stirrups 24 can be 

prevented from loosening. 

[0201] As shown in FIG. 46 and FIG. 54, the rigid mesh enclosure 26 includes multiple 

annular reinforcements 26-1 arranged in sequence along the length of the main reinforcement 

skeleton and multiple axial reinforcements 26-2 for connecting and fixing the annular 

reinforcements 26-1, and the axial reinforcements 26-2 are parallel to main reinforcement 21. 

Preferably, the axial reinforcements 26-2 are fixedly connected along the inner 

circumferential direction of the annular reinforcement 26-1, which may ensure that the rigid 

mesh enclosures 26 are evenly subjected to the force. 

[0202] A rigid mesh enclosure 26 is bound at the end of the main reinforcement skeleton, 

which can ferrule the end of the main reinforcement skeleton together with the auxiliary 

stirrup 24, so that the main reinforcement 21 of the main reinforcement skeleton is less likely 

to be disassembled. Preferably, the rigid mesh enclosure 26 may be a rebar mesh enclosure. 

[0203] The rigid meshes 23 are arranged at the ends of the main reinforcement skeleton and 

arranged at intervals along the length direction of the reserved cavity. The structural strength 
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and peening resistance of the end of the concrete prefabricated pile can be strengthened, and 

the end of the concrete prefabricated pile can be prevented from being blasted during pile 

driving. In this embodiment, the rigid mesh 23 may be provided separately, or the rigid mesh 

enclosure 26 may also be provided separately, or the rigid mesh 23 and the rigid mesh 

enclosure 26 may be provided together. 

[0204] The rigid mesh 23 includes several cross-connected and fixed reinforcing stiffeners 

23-1, and the ends of the rigid mesh 23 are fixedly connected with the auxiliary stirrups 24 

and/or with the main reinforcement skeleton. The rigid mesh 23 is grid-shaped, which can not 

only enhance the strength of the end of the prefabricated concrete pile, but also ensure that the 

concrete can fully wrap the reinforcing stiffeners 23-1 when manufacturing the prefabricated 

concrete pile, thus ensure of being evenly subjected to the force. In addition, the end of the 

rigid mesh 23 can be connected to the auxiliary stirrups 24, the main reinforcement 21, or 

both the auxiliary stirrups 24 and the main reinforcement 21 so as to ensure the stable 

connection of the rigid mesh 23. 

[0205] Specifically, the plane where the rigid mesh 23 is located is perpendicular to the 

central axis of the axial reinforcement 26-2. The rigid meshes23 are arranged on the rigid 

mesh enclosure 26 in sequence perpendicular to the axial reinforcement 26-2, and the 

reserved cavity is divided into several small spaces along the length direction, so that the 

concrete at the end of the concrete prefabricated pile can be more compact. 

[0206] Preferably, the rigid mesh 23 is connected to the rigid mesh enclosure 26 and then is 

bound on the end of the main reinforcement skeleton. The rigid mesh 23 can be connected to 

the rigid mesh enclosure 26 in advance to form an integrated structure, which facilitates the 

placement of the rigid mesh 23. At least one rigid mesh 23 is connected to the end of the rigid 

mesh enclosure 26, so that the rigid mesh enclosure 26 has a blocking surface and enhances 

the structural strength of the end of the rigid mesh enclosure 26. The connection form of the 

rigid mesh 23 on the rigid mesh enclosure 26 can be such that the rigid meshes 23 are all 

connected with the annular reinforcements 26-1, or the rigid meshes 23 are all connected with 

the axial reinforcements 26-2, or part of the rigid meshes 23 are connected with the annular 

reinforcements 26-1 and part of the rigid meshes 23 are connected with the axial 

reinforcements 26-2. 
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[0207] The working principle of this embodiment: during prefabrication, the main 

reinforcement 21 is ferruled with the skeleton stirrups 22 to form the main reinforcement 

skeleton, and the rigid mesh 23 is connected to the rigid mesh enclosure 26 at the same time. 

Then the rigid mesh enclosures 26 are bound on the end of the main reinforcement skeleton, 

and finally the rigid mesh enclosure 26 and the main reinforcement 21 are ferruled by the 

auxiliary stirrups 24. It may prevent the main reinforcement 21 at the end of the main 

reinforcement skeleton from being blasted by pumping concrete when making concrete 

prefabricated piles, and protect the end structure of the main reinforcement skeleton. At the 

same time, the structural strength and peening resistance of the end of the prefabricated 

concrete pile are enhanced, which can prevent the end of the prefabricated concrete pile from 

bursting during pile driving. 

[0208] Referring to FIG. 48, FIG. 49, FIG. 48 is a schematic structural view of the rigid 

skeleton of the variable cross-section prefabricated square pile disclosed in the sixteenth 

embodiment of the present application; and FIG. 49 is an end view of the rigid skeleton 

shown in FIG. 48. 

[0209] In this embodiment, the same reference numerals represent the same parts with those 

in the fifteenth embodiment, and the same descriptions to which are omitted. 

[0210] Compared with the fifteenth embodiment, the difference of this embodiment is in that: 

connecting nuts 25 are provided at the end of the main reinforcement, and the auxiliary stirrup 

24 is connected and fixed with at least one of the connecting nuts 25. The prefabricated piles 

are connected by the connecting nuts 25 and insert rods, and thus connecting nuts 25 are 

provided at the top of the main reinforcement 21, if the interval between the auxiliary stirrup 

24 and the connecting nut 25 is relative great, it cannot prevent the main reinforcement 

skeleton from being blasted. Therefore, the auxiliary stirrups 24 need to be connected and 

fixed at least one connecting nut 25, so as to prevent the connecting nut 25 from being 

disassembled by peening, resulting in the displacement of the connection between the 

prefabricated piles. 

[0211] Referring to FIG. 50 and FIG. 51, FIG. 50 is a schematic structural view of the rigid 

skeleton of the variable cross-section prefabricated square pile disclosed in the seventeenth 

embodiment of the present application; and FIG. 51 is an end view of the rigid skeleton 
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shown in FIG. 50. 

[0212] In this embodiment, the same reference numerals represent the same parts with those 

in the fifteenth embodiment, and the same descriptions to which are omitted. 

[0213] Compared with the fifteenth embodiment, the difference of this embodiment is: the 

plane where the rigid meshes 23 are located is parallel to the central axis of the axial 

reinforcement 26-2. The rigid meshes 23 are arranged on the rigid mesh enclosure 26 in 

sequence parallel to the axial reinforcement 26-2, and the reserved cavity is divided into 

several small spaces in the width direction or height direction, so that the concrete at the end 

of the concrete prefabricated pile can be more compact. 

[0214] Preferably, the connection form of the rigid mesh 23 on the rigid mesh enclosure 26 

can be such that two opposite ends of the rigid mesh 23 are connected to the rigid mesh 

enclosure 26. 

[0215] Referring to FIG. 52, FIG. 53 and FIG. 57, FIG. 52 is a schematic structural view of 

the rigid skeleton of the variable cross-section prefabricated square pile disclosed in the 

eighteenth embodiment of the present application; FIG. 53 is an end view of the rigid skeleton 

shown in FIG. 52; and FIG. 57 is a schematic structural view of a C-type ferrule. 

[0216] In this embodiment, the same reference numerals represent the same parts with those 

in the fifteenth embodiment, and the same descriptions to which are omitted. 

[0217] Compared with the fifteenth embodiment, the difference of this embodiment is in that: 

several C-shaped ferrules 27 are further provided on the end face of the main reinforcement 

skeleton, and the opening of the C-shaped ferrules 27 faces the middle section of the reserved 

cavity. 

[0218] In the above structure, the C-shaped ferrule 27 can form a blocking surface at the end 

of the main reinforcement skeleton, so that the end structure of the main reinforcement 

skeleton is more stable, and the structural strength of the end surface of the concrete 

prefabricated pile is strengthened. 

[0219] Specifically, the C-shaped ferrules 7 are uniformly arranged in the reserved cavity of 

the main reinforcement skeleton in the horizontal or vertical direction; or the C-shaped 

ferrules 7 are arranged crosswise in the reserved cavity of the main reinforcement skeleton; 
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the C-shaped ferrules 7 are fixedly connected with the auxiliary stirrup 24 or/and the rigid 

mesh enclosure 26. The C-shaped ferrules 27 adopt the above arrangement to form a blocking 

surface, which can enhance the structural strength of the end face of the concrete 

prefabricated pile and can fasten the rigid mesh enclosure 26 together with the auxiliary 

stirrups 24. Preferably, the C-shaped ferrules 27 are arranged crosswise on the end face of the 

main reinforcement skeleton. Of course, the end of the rigid meshes 23 in the fifteenth 

embodiment may also be connected with the C-shaped ferrules 27. 

[0220] Preferably, the end of the rigid meshes 23 are fixedly connected with the rigid mesh 

enclosure 26, the C-shaped ferrules 27 are fixedly connected with the end of the rigid mesh 

enclosure 26, and the C-shaped ferrules 27 are located inside the rigid mesh enclosure 26. The 

rigid meshes 23 can be connected to the C-shaped ferrules 27, then connected to the rigid 

mesh enclosure 26 to form an integrated structure, and then ferruled on the end of the main 

reinforcement skeleton, which facilitates the placement of the rigid mesh 23. 

[0221] The working principle of this embodiment is in that: during prefabrication, the main 

reinforcement 21 is ferruled with the skeleton stirrup 22 to form the main reinforcement 

skeleton, and the C-shaped ferrule 7 is connected to the end of the rigid mesh enclosure 26 to 

form a blocking surface. Then the rigid mesh 23 is connected to the rigid mesh enclosure 26, 

the rigid mesh enclosure 26 is bound on the end of the main reinforcement skeleton, and 

finally the rigid mesh enclosure 26 and the main reinforcement 21 are ferruled by the 

auxiliary stirrups 24. It may prevent the main reinforcement 21 at the end of the main 

reinforcement skeleton from being blasted by pumping concrete when making concrete 

prefabricated piles. It may also prevent the rigid mesh from being impacted by the pumped 

concrete, getting out of the reserved cavity of the main reinforcement skeleton, and protect the 

end structure of the main reinforcement skeleton, and make the main reinforcement skeleton 

structure more stable. In addition, the concrete at the end of the concrete prefabricated pile 

can be made more compact, thereby enhancing the structural strength and anti-peening ability 

of the end part of the concrete prefabricated pile. 

[0222] On the basis of the above embodiment, on the cross section of the small-section 

segment 2, the cross section area of the small-section segment 2 is S1, and the sum of the 

cross section areas of the steel bars is S2. The ratio of S2 to S1 is at least 0.5% to 0.15%, and 

the proportion of stressed stiffener is high, which improves the structural strength and pull-out 
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strength of the pile body. In addition, the length of the spiral stirrup dense zone at both ends of 

the pile is longer than the length of the large-section segment 3 at the end, and the density of 

the spiral stirrup dense zone at both ends of the pile is 1.5-3 times that of the regular zone, so 

as to improve the structural strength and anti-beating performance of the pile end; the interval 

between the steel bars is greater than or equal to 50mm, so that the coarse aggregate (i.e., 

stones) can be evenly distributed when pouring or pumping concrete; a rigid mesh enclosure 

26 and a rigid mesh 23 are provided at the end of the pile so as to improve the peening 

resistance of the pile end, and prevent the connection pieces or stressed stiffeners from being 

exposed to underground acid and alkali corrosive substances caused by pile blast. 

[0223] In a case that the lateral transition surface 4 is a concave surface or a convex surface, 

the traces of its front edge or rear edge may not be very obvious due to the smooth transition, 

and it can be difficult to distinguish it by human eyes. Regard this, auxiliary lines can be made 

along the boundary of the lateral transition surface 4 to define the position of its front edge or 

rear edge. 

[0224] The variable cross-section prefabricated square piles claimed in the present 

application include variable cross-section solid square piles and variable cross-section hollow 

square piles. For the solid square pile with variable cross-section, either the U-shaped die or 

the closed die being opened and closed along the diagonal can be used for production. When 

the U-shaped die is used for production, the present application will be very beneficial in 

demoulding, and may avoid cracking or the risk of falling off of concrete protective layer 

caused by violent demoulding. 

[0225] The technical solutions between the various embodiments can be combined with each 

other, but should be based on the realization by those of ordinary skill in the art. If the 

combination of technical solutions contradicts each other or cannot be realized, it should be 

considered that such combination of technical solutions does not exist and does not fall within 

the protection scope of the present application. 

[0226] The concrete variable cross-section prefabricated square pile provided by the present 

application has been described in detail above. The principle and the embodiments of the 

present application are illustrated herein by specific examples. The above description of 

examples is only intended to help the understanding of the idea of the present application. It 
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should be noted that, for the person skilled in the art, many modifications and improvements 

may be made to the present application without departing from the principle of the present 

application, and these modifications and improvements are also deemed to fall into the 

protection scope of the present application defined by the claims. 
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CLAIMS 

 

1. A concrete variable cross-section prefabricated pile, comprising a pile body with 

large-section segments and small-section segments alternately arranged in a longitudinal 

direction, the cross-section of the large-section segment and a cross section of the 

small-section segment are substantially rectangular; wherein a lateral transition surface is 

formed between the side surfaces of the large-section segment and the adjacent small-section 

segment; wherein at least a part of the lateral transition surfaces have front edges and/or rear 

edges, the lateral projection of the front edges and/or rear edges are deviated from the vertical 

direction, and a vertical projection of the intersection line between the lateral transition 

surface and a first horizontal plane is located outside a vertical projection of the intersection 

line between the lateral transition surface and a second horizontal plane; wherein the first 

horizontal plane is an upper horizontal plane among any of two horizontal planes, and the 

second horizontal plane is a lower horizontal plane among two horizontal planes; wherein one 

or both side surfaces of the small-section segment are perpendicular to the bottom surface of 

the small-section segment or are inclined to the inside of the pile body from top to bottom at a 

set angle. 

 

2. The concrete variable cross-section prefabricated pile according to claim 1, wherein a 

front edge and/or a rear edge of the lateral transition surface deviating from the vertical 

direction in lateral projection is an inclined edge or a curved edge. 

 

3. The concrete variable cross-section prefabricated pile according to claim 1 or 2, 

wherein a front edge and a rear edge of the side surface of the large-section segment between 

the two ends are vertical edges, and a surface width thereof remains constant from top to 

bottom; or the front edge and/or the rear edge of the side surface of the large-section segment 

between the two ends are deviated from the vertical direction in the lateral projection, and its 

surface width increases or decreases from top to bottom. 
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4. The concrete variable cross-section prefabricated pile according to claim 1 or 2, 

wherein the lateral transition surface comprises a first transition surface located at the front of 

the small-section segment and a second transition surface located at the rear of the 

small-section segment, a rear edge of the first transition surface is inclined or curved forward 

from top to bottom; and/or a front edge of the second transition surface is inclined or curved 

backward from top to bottom. 

 

5. The concrete variable cross-section prefabricated pile according to claim 1 or 2, 

wherein the lateral transition surface comprises a first transition surface located at the front of 

the small-section segment and a second transition surface located at the rear of the 

small-section segment, a front edge of the first transition surface is inclined or curved forward 

from top to bottom; and/or a rear edge of the second transition surface is inclined or curved 

backward from top to bottom. 

 

6. The concrete variable cross-section prefabricated pile according to claim 1, wherein 

the lateral transition surface is a plane, a front edge of the lateral transition surface is parallel 

to a rear edge of the lateral transition surface, and the surface width remains constant from top 

to bottom; or the lateral transition surface is a plane, the front edge and rear edge of the lateral 

transition surface are not parallel, and the surface width increases or decreases from top to 

bottom; or 

the lateral transition surface is a curved surface, the front edge of the lateral transition 

surface is parallel to the rear edge of the lateral transition surface, and the surface width 

remains constant from top to bottom; or the lateral transition surface is a curved surface, the 

front edge and rear edge of the lateral transition surface are not parallel, and the surface width 

increases or decreases from top to bottom. 

 

7. The concrete variable cross-section prefabricated pile according to claim 6, wherein 

the lateral transition surface is a concave curved surface, a convex curved surface or a twisted 

surface. 
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8. The concrete variable cross-section prefabricated pile according to claim 7, wherein 

the concave curved surface comprises a concave arc surface or a concave conical surface, and 

the convex curved surface comprises a convex arc surface or a convex conical surface. 

 

9. The concrete variable cross-section prefabricated pile according to claim 1, wherein an 

extension line of a vertical projection of an intersection line between the lateral transition 

surface and the first horizontal plane intersects with an extension line of the vertical 

projection of an intersection line between the lateral transition surface and the second 

horizontal plane. 

 

10. The concrete variable cross-section prefabricated pile according to claim 1, wherein 

the pile body has pile end faces, at least one pile end face has a groove and a plurality of 

connecting holes being arranged at intervals; wherein the groove is configured to at least 

partially accommodate a storage block in which the viscous substance is stored, a depth of the 

groove is less than an initial height of the storage block; wherein when the prefabricated 

square piles are butted together, the storage block is compressed so as to release a viscous 

substance to eliminate and/or fill the gaps at the end faces of the butted prefabricated square 

piles. 

 

11. The concrete variable cross-section prefabricated pile according to claim 10, wherein 

a groove depth of the accommodating groove is greater than or equal to 1mm, a groove width 

of the accommodating is greater than or equal to 1mm, and the accommodating groove is 

more than 0.5cm away from the connecting hole. 

 

12. The concrete variable cross-section prefabricated pile according to claim 11, wherein 

a groove depth of the accommodating groove is 2mm-20mm. 
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13. The concrete variable cross-section prefabricated pile according to claim 10, wherein 

at least one of the grooves is circular or annular or rectangular or regular polygon and located 

at the center of the pile end face; 

and/or, at least one of the grooves is annular and surrounds all connecting holes; 

and/or, at least one of the grooves is annular and surrounds part of the connecting holes; 

and/or, at least one of the grooves is annular and surrounds a single connecting hole. 

 

14. The concrete variable cross-section prefabricated pile according to claim 1 or 10, 

wherein a rigid skeleton of the concrete variable cross-section prefabricated pile comprises: a 

main reinforcement skeleton with a plurality of main reinforcements being arranged at 

intervals and wound to form a reserved cavity, and a skeleton stirrup which ferrules the main 

reinforcement skeleton; 

wherein the ends of the main reinforcement skeletons are bound with rigid mesh 

enclosures and/or rigid meshes to enhance the structural strength of the prefabricated piles, 

the ends of the main reinforcement skeleton are ferruled and fixed by auxiliary stirrups, and a 

winding interval of the auxiliary stirrups is less than or equal to a winding interval of the 

skeleton stirrups. 

 

15. The concrete variable cross-section prefabricated pile according to claim 14, wherein 

the auxiliary stirrups form a stirrup dense zone, and a length of the stirrup dense zone is 

greater than a length of the large-section segment at the end; wherein a winding density of the 

stirrup dense zone is 1.5-3 times than a winding density of the non-dense zone. 

 

16. The concrete variable cross-section prefabricated pile according to claim 14, wherein 

a plurality of C-shaped ferrules with openings facing the middle of the reserved cavity are 

further provided at the end faces of the main reinforcement skeleton. 

 

17. The concrete variable cross-section prefabricated pile according to claim 14, 15 or 16, 
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wherein connecting nuts are connected to the end of the main reinforcement, and the auxiliary 

stirrup is connected and fixed with at least one of the connecting nuts. 

 

18. The concrete variable cross-section prefabricated pile according to claim 16, wherein 

the C-shaped ferrules are arranged at intervals in the reserved cavities of the main 

reinforcement skeleton in sequence in the transverse or longitudinal direction; and/or the 

C-shaped ferrules are arranged crosswise in the reserved cavity of the main reinforcement 

skeleton; wherein the C-shaped ferrules are fixedly connected with the auxiliary stirrup or/and 

the rigid mesh enclosure. 

 

19. The concrete variable cross-section prefabricated pile according to claim 14, wherein 

the auxiliary stirrup and the rigid mesh enclosure are connected and fixed, and the rigid mesh 

enclosure is located inside the auxiliary stirrup; 

or the rigid mesh enclosure includes a plurality of annular reinforcements arranged in 

sequence along the length of the main reinforcement skeleton at intervals and a plurality of 

axial reinforcements for connecting and fixing the annular reinforcements; wherein the axial 

reinforcements are parallel to the main reinforcements; 

or the rigid meshes are arranged at the ends of the main reinforcement skeleton and 

arranged at intervals along the length direction of the reserved cavity. 

 

20. The concrete variable cross-section prefabricated pile according to claim 14, wherein 

a length of the large-section segment at both ends of the pile body is greater than a length of 

the large-section segment in the middle part, the length of the large-section segment at both 

ends of the pile body is about 2 to 6 times the length of the large-section segment in the 

middle part; 

and/or on the cross section of the small-section segment, a cross-sectional area of the 

small-section segment is S1, the sum of the cross-sectional areas of the steel bars is S2, 

wherein a ratio of S2 to S1 is at least 0.5% to 0.15%. 


