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(71) W e , TAISEI KENSETSU KABUSHIKI 
KAISHA, a Japanese body corporate ol 
5-11, Ginza 2-chome, Cnuoh-ku, Tokyo, 
Japan, do hereby declare the invention, for 

5 which we pray that a patent may be granted 
to us, and the method by which ft is to be 
performed, to be particularly described in 
and by the following statement:— 

The present invention relates to a method 
10 for introducing a prestress to a concrete 

structure such as, for example, a pressure 
vessel surrounding an atomic pile or the 
like, a water tank, a water tower, etc. 

In accordance with the invention there is 
15 provided a method of introducing prestress 

to a concrete structure of circular section, 
including the steps of disposing wedge mem-
bers slidably on an outer peripheral face 
of the structure, said outer peripheral face 

20 being inclined so that, upon sliding of the 
wedge members along said outer peripheral 
face, the outer surfaces of said wedge mem-
bers can be moved radially outwardly rela-
tively to the axis of the structure, arranging 

25 jack means at the outer periphery of the 
structure for slidably displacing said wedge 
members, winding tensioning members cir-
cumferentially about the structure so as to 
engage the outer surfaces of the said wedge 

30 members, then stretching said tensioning 
members wound around the structure by 
operating said jack means to cause the 
wedge members to slide along the outer in-
clined peripheral face of the structure, 

35 whereby a prestress may be introduced to 
said structure. 

The invention also provides a method 
of introducing prestress to a concrete struc-
ture of circular section, including the steps 

40 of providing on the outer curved peripheral 
surface of the structure s*ep portions or 
notched portions having outer faces which 
are so inclined that the thickness of such 
portions varies gradually in a direction 

45 either axially or circumferentially of the 

structure, disposing wedge members slidably 
on the respective inclined faces and also 
jack means for slidably dlsplac'ng said 
wedge members along said inclined faces 
so that the outer surfaces of the wedge 50 
members can be moved radially outwardly 
with respect to the axis of said structure, 
winding tensioning members circumferen-
tially about the structure so as to engage 
the outer surfaces of the wedge members, 55 
then stretching said tensioning members 
wound around the structure by operating 
said jack means to cause the respective 
wedge members to slide along the outer 
inclined peripheral faces of the structure, 60 
whereby a prestress may be introduced to 
said structure. 

In accordance with an examp'e of the 
invention, the outer peripheral surfaces of 
a desired number of step portions or notched 65 
portions are provided either along the cir-
cumferential direction or along the axial 
direction of a cylindrical concrete structure 
to which a prestress is to be introduced and 
are formed of inclined faces, where the 70 
thickness-varies gradually either ir. the axial 
direction or in the circumferential direction, 
respectively, of said structure. After the ten-
sioning members for introducing a prestress 
have been circularly wound around the 75 
outer peripheral surfaces of the wedge 
members^ slidably provided on said inclined 
faces, said wedge members are caused to 
slide along said inclined faces by means of 
the jacks, the peripheral length of said cir- 80 
cular tensioning members being caused to 
increase, resulting in stretch in the circum-
ferential direction of said tensions? mem-
bers whereby the stretching force m 'y be 
introduced as a compression p-est'ess to 85 
the cylindrical concrete structure via the 
wedre members. 

Therefore, upon stretching the tensioning 
members for introducing a prestress to a 
cylindrical concrete structure, it is only 90 
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necessary to displace tlie wedge members 
on wiiich the tensioning members are wound 
by means of the jacks without duectly 
stretching said tensioning numbe s by mak-

5 ing use of jacks, so that a desLed large pre-
stress can be introduced to said cylindrical 
concrete structure with an extremely small 
jacking force, and also a large sketching 
force is not required in tl:e step of winding 

10 said tensioning members around the wedge 
members but instead the necessary work 
can be carried out simp'y and still further, 
since said tensioning members make contact 
only with the outer peripheral surfaces of 

15 the wedge members and are in a free state, 
there occurs no loss of stretching fcrce due 
to frictional resistance up in stretching said 
tensioning members. 

In addition, since said tensioning mem-
20 bers do not penetrate through the ins'de of 

the wall member of the cylindrical concrete 
structure but are pcs'tioned along the outer 
peripheral surface of the wall member, the 
arrangement of the tensioning members does 

25 not prevent the construction work for the 
concrete body of said structure and enables 
the prestressing operations to be performed 
efficiently. Also, since the strain of the ten-
sioning members can be directly measured, 

30 the control of the tension may be carried 
out securely. Refastening of the tensioning 
members may be readily achieved if neres-
fcaiy. Further, by winding the tensioning 
members in a number of ovei lapped layers 

35 a large prestress can be appl'ied, and when 
the present invention has been applied to 
an atomic pile, the tensioning members are 
less apt to be subjected to a deteriorative 
effect of its internal temperature and/or 

40 radiation rays than in the case of position-
ing within the wall member. 

For a better understanding of the inven-
tion, embodiments thereof will now be des-
cribed, by way of example, with reference 

45 to the accompanying diagrammatic draw-
ings, in which:— 

Figures 1 and 2 are a perspective view, 
and a partial enlarged longitudinal cross-
sectional view, respectively, of a cylindrical 

50 concrete structure to which the present in-
vention is applicable, 

Figure 3 is a fragmentary elevational view 
having a left half portion shown in longi-
tudinal cross-section and illustrating a 

55 method of prestressing the structure of 
Figure 1 according to one embodiment of 
the invention, 

Figure 4 is a fragmentaiy longitudinal 
cross-sectional view illustrating the p_e-

60 stressing at the upper end portion of the 
structure of Figure 1, 

Figure 5 is a fragmentary longitudinal 
cross-sectional view illustrating a method 
of prestressing according to another embodi-

65 ment of the invention, 

Figures 6 and 7 comprise respectively a 
transverse cross-.e.tional view il.ustfating a 
method of prestressng in accordance with 
another embodiment of the invention, and 
a perspective view of a portion of a cylin- 70 
drical structure to which the said method is 
applicable, 

Figure 8 is another longitudinal cross-
sectional view illustrating a p estressing 
according to yet another embodiment of the 75 
invention. 

Figures 9 and 10 comprise respectively, 
a longitudinal cross-sectional v'ew illustra-
ting a methicd of prestressing according to 
still another embodiment of ti e inventon, 80 
and a partial perspective view of a cylindri-
cal concrete structure to which the said 
method is applicable, 

Figures 11 and 12 are a transverse cross-
sectional view and a pa t'al enlarged trans- 85 
verse cross-sectional view, respectively, 
illustrating a method of p estress'ng accor-
ding to yet another embodiment of the 
invention, and 

Figure 13 is a pe'spective view cf a cylin- 90 
drical concre e structure to which the method 
illustrated in Figures 11 and 12 is applicable. 

Referring now to the accompanying 
drawings, Figures 1 and 2 illus'rste a cylin-
drical concrete structure (A) to w/;ich the 95 
method of prestressing according to the pre-
sent invention is applicable, in which on the 
outer peripheral surface of a cylindrical 
body (1) having a thickness a and a radius r 
there are provided step portions (2) extend- 100 
ing circumferentially around the body. The 
step portions are of mutually equal extent in 
the direction of the axis of the body. Each 
step portion (2) has an outer peripheral in-
clined face (2a) which is inclined in a direc- 105 
tion extending downwardly and radially out-
wardly of the body, at a desired gradient 
angle 0 with respect to the vertical sur-
face of the body. The lower end faces 
(2b) of the step portions are formed at right 110 
angles to tee inclined faces (2a) of the adja-
cent step portions (2). 

In this connection, the graiiert ang'e f) of 
said step portions (2) is se'ected depending 
upon the coefficient of friction of the wedge 115 
members and, as described later, ihe opera-
tional capibirty of the jacks and the radius 
of the concrete structure. Once the angle 9 
is determined, the length k cf e?ch step 
portion (2) in the axial direction, is se'ected 120 
so that it may become equal to the sum of 
the lengths of the jack and the wedge mem-
ber to be provided along each inclined face, 
the stroke of the jack, and an appropriate 
additional length, and also so that the 125 
length c (Figure 2) of the lower end fice of 
each step portion (2) may become rcner 
than the dimension required to receive the 
jack. 

In addition, at the upper end of said body, 130 
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(1), there is provided a step portion (2') direc-
ted oppositely to the adjacent step portion 
(2). 

As shown in Figure 3, a wedge member 
5 (3) is mounted on the inclined face (2a) of 

each step portion (2) so as to he slidable in 
the upward and downward direction. Each 
wedge member (3) has an upper end face 
which is parallel to the lower end face (2b) 

10 of the immediately superjacent step portion 
(2) and between the lower end face (2b) of 
each step portion (2) and the upper end face 
of the wedge member (3) the.e is interposed 
a hydraulic jack (4) which is fixedly secured 

15 to said lower end face (2b). 
On the outer surface (3a) of each wedge 

member (3) and parallel to the inner peri-
pheral surface of the body (1), there are pro-
vided a number of recessed channels (3b) 

2Q extending in the circumferential direction 
of the body, and annular tensioning mem-
bers (5) are wound around and fitted in the 
•recessed channels (3b) of the respective 
wedge members (3) mounted on each step 

25 portion (2) along the same circumference. 
Subsequently, if the jacks are actuated to 

cause the wedge members (3) to slide down-
wardly along the inclined face (2a), the outer 
surfaces of the wedge members are disp'aced 

30 radially outwardly with respect to the axis 
gf the body and the tensioning members (5) 
are stretched so as to be extended in the 
circumferential direction, the stretching 
force serving to apply a compression pre-

35 stress to the body (1) through, the wedge 
members (3). 

At this time, in order to smootben the 
slide movement of said wedge member (3) 
along the inclined face (2a), it is preferable 

40 to dispose a metallic plate and/ar a lubri-
cant material such as molybdenum disul-
phide on the inclined face (2a). 

After a desired stretching force has been 
imposed on the tensioning member (5) as 

45 described above, in order to prevent back-
ward movement of the wedge member (3), 
between said wedge member (3) and the 
lower end face (2b) of the inclined face (2) 
there is interposed either a wedge or a 

50 quick setting material such as high-early-
strengthi cement to prevent undesired slip-
ping of the wedge member (3). 

After the aforementioned cperation has 
been carried out at a desired step portion 

55 in this way, the same operation as the 
above is carried out at the next succeeding 
step portion, and subsequently similar 
operations are repeated to introduce a 
desired compression prestress to the body 

60 (1). 
In this connection, at the upper end por-

tion of the body (1), a jack (4) is interposed 
between, a pair of wedge members (3), (3) 
mounted respectively on the oppositely 

65 directed inclined faces (2a) and (2'a) of the 

opposed step portions (2'), (2) and wound 
witii the tensioning members (5), respec-
tively, as shown in Fig. 4, both said wedge 
members (3), (3) being simultar.eousiy rpade 
to slide in the upward and downward direc- 70 
tions by said jack (4) to impose a stretching 
force to the respective tensioning members 
(5), whereby a compression p e tress may 
be introduced to the body (1) via the wedge 
members (3), (3). 75 

When the introduction of a prestress to 
the body (1) has been completed PS des-
cribed above, said tensioning members (5) 
are covered with protective mortar, and 
thereby the entire process has been com- 80 
pleted. 

Fig. 5 illustrates the case where the outer 
face (2) of the concrete structure (A) is sub-
stantially frusto-conical in form, the outer 
diameter of the structu-e gradualJy incress- 35 
ing from the top towards the bottom of the 
structure over its entire height or axial ex-
tent. In this case the wedre member? (3) 
wound with annular tensioning members (5) 
Eire mounted adjacent to each ether in the 90 
vertical or axial direction, these wedge mem-
bers (3) being adapted to be shifted down-
wardly along the outer peripheral wall sur-
face (2) by means of jack devices to impose 
a stretching force to said tensioning member 95 
(5). 

The embodiment in Fig. 6 shows the case 
where the subject method has been applied 
to a cylindrical concrete structure (A) such 
as shown in Fig. 7, in which the step ppr- 100 
tions extending axially, i.e., in the direction 
of the generating line of the outer su face of 
the structure, are disposed at p edetermined 
intervals circumferentially of the structure. 
Since the operation therefor is substantially 105 
the same as the preceding embodiments, a 
more detailed description will be cmmitted. 
In the figure, equivalent components to those 
of the preceding embodiments are given the 
same references. When the introduction of 110 
a prestress has been finished, said tensioning 
members (5) are covered with protective 
mortar, and then the entire process has been 
completed. 

Fig. 8 shows the case where the method 115 
according to the present invention has been 
applied to a large thick cylindrical concrete 
structure, in which case after the innermost 
first layer body (1A) has been constructed 
similarly to the preceding embodiments and 120 
a compression prestress has been introduced 
thereto, a second layer body (2A) is con-
structed on its outer psriphcy and a p"e-
stress in introduced thereto similarly to the 
preceding embodiments, and subsequently, 125 
similar operations are repeated to construct 
a cylindrical concrete structure having a 
desired large thickness and having a uni-
form prestress introduced thereto. In the 
figure, equivalent components to those of 130 
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the preceding components are given the 
same references. 

Figs, 9 and 10 show another embodiment 
of the present invention, in which among the 

5 step portions (2) provided on the outer peri-
pheral surface of the body (1), the positions 
of the step portions (2) in the columns adja-
cent to each other in the circumferential 
direction are staggered relative to each other 

W axially, i.e., in the"direction of the gene.ating 
line of the outer surface of the body. This 
structure is useful for shortening the inter-
vals between adjacent tensioning members 
(5) in the vertical direction. In the figure, 

15 equivalent components to those of the pre-
ceding embodiments are given the same 
references. 

Figs. 11 and 12 show still another embodi-
ment of the present invention. As shown in 

20 Fig. 13, on the outer peripheral surface of 
the cylindrical body (11) there are provided 
notched portions (12) having a V-shaped 
cross - section, the notched portions exten-
ding axially, i.e., in the direction of the 

25 generating line of the body and being dis-
posed at predetermined intervals alcng the 
circumferential direction. On the laterally 
opposed inclined faces (12a), (12b) of said 
respective notched portions (12) are slidably 

3Q provided wedge members (13), (13) respec-
tively, a jack (14) being interposed between 
said both wedge members, annular tension-
ing members (15) being wound around the 
outer periphery of the respective wedge 

35 members (13), and the tensioning members 
(15) are stretched by actuating said j?ck CI4) 
to cause the both wedge members (13), (13) 
to slide along the inclined faces (12a), 
(12b) in the directions opposite to each 

40 other, whereby a compression prestress may 
be introduced to the body (11) via the wedge 
members (13). 

While the p-esent invention has been des-
cribed above in connection to its preferred 

45 embodiments, it is intended that the p esent 
invention is, of course, not limited only to 
such embodiments. 

WHAT WE CLAIM IS:— 
1. A method of introducing prestress to 

50 a concrete structure of circular section, in-
cludes the steps of disposing wedge mem-
bers slidably on an outer peip'-era! f"ce of 
the structure, said outer peripheral face 
being inclined so that, upon sliding of the 

55 wed^e members along said outer peripheral 
face, the outer surfaces of sa:d welae mem-
bers can be moved radially outwardly rela-
tively to the axis of the structure, arranging 
jack meins at the outep peip^cy of the 

60 structure for slidatfy displacing saH wed"e 
members. winding tensioning membe's c;r-
cumferentially about tve st'irture so as to 
enrage the outer surfaces of the s î'1 wed<*e 
members, then stretching s°id tens;on;ng 

65 members wound around the structure by 

operating said jack means to cause the 
wedge members to slide along t. e outer 
inclined peripheral face of tne structure, 
whereby a prestiess may be introduced to 
said structure. 70 

2. A method as claimed in claim 1, 
wherein the concrete structure is provided 
with an outer peripheral surface of frusto-
conical form, said surface constituting the 
outer peripheral face on which the wedge 75 
members are disposed, wherern the wedge 
members about which the tensioning mem-
bers are wound r.re mounted adjacent to 
each other axially of the structure, and 
wherein the jack means are cperab'e to 80 
shift the wedge members axially along the 
outer peripheral surface of the structure to 
stretch the tensioning members. 

3. A method of introducing prestress to 
a concrete structure of circular section, in- 85 
eluding the steps of providing on the outer 
curved peripheral surface of the structure 
step portions or notched portions having 
outer faces which are so inclined that the 
thickness of such portions varies gradually 90 
in a direction either ax'ally or circumferen-
tially of the structure, disposing wedge mem-
bers slidably on the respect've inclined 
faces and also jack means for slidably dis-
placing said wedge members along said in- 95 
clined faces so that the outer surfaces of the 
wedge members can be moved radially out-
wardly with respect to the axis of said struc-
ture, winding tensioning members circum-
ferentially about the structure so as to en- 100 
gage the outer surfaces of the wedge mem-
bers, then stretching said tensioning mem-
bers wound around the structure by opera-
ting said jack means to cause the respective 
wedge members to slide along the outer in- 105 
clined peripheral faces of the star ture, 
whereby a prestress may be introduced to 
said structure. 

4. A method as cla;med in claim 3, 
wherein step portions adjacent to one an- 110 
other in the circumferential direction are 
arranged in staggered relationship to one 
another in the axial direction. 

5. A method as claimed in claim 3 or 4, 
vfierein each step portion is formed with an 115 
end face which is substantially at right-
angles to the outer inclined face of the step 
portion and which is engageable by the 
associated jack means. 

6. A method as claimed m claim 5, 120 
wherein the wedge membes have erd faces 
so d;s0"Ked that, when t!'e wed'-e numbers 
are displaced on the outer peripheral faces 
of the step portions, the end faces of said 
wedge members will be parallel with corres- 125 
pending end faces of the step portions. 

7. A method as claimed in any ore of 
the p-eceding claims, wherein a plurality of 
re-es-ed channels for fitting the tensioning 
members are provided on the outer surface 130 
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of said wedge members. 
8. A method as claimed in any one of 

the preceding claims, wherein metallic 
plates are provided on the outer inclined 

5 faces of said step portions or notched por-
tions. 

9. A method as claimed in any one of 
claims 1 to 6, wherein lubricant material is 
provided on the outer inclined faces of said 

10 step portions or notched portions. 
10. A method for introducing a prestress 

to a concrete structure substantially as 

hereinbefore described with reference to the 
accompanying drawings. 

11. A concrete structure when pre- 15 
stressed jn accordance with the methlod as 
claimed in any one of the preceding claims. 
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Chartered Patent Agents, 

28, Southampton Buildings, 
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Agents for the Applicants 
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