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Int. _O.: -E tM c 3/34 
COMPLETE .. SPECIFICATION 

Improvements in Reinforced Concrete Poles; Piles and like 

. · .· Elongated Structur•I Members . · ·· .. 

. . 

We, NIPPON . CoNCRETE KOGYO KABus­

HIKI KAISHA, a Jap~ Corporation, of 

-s--~,. 1-chome-, Sllmbashi, Minato~ Tokyo, 

Japm, do ha'eby declare the invention, for 

5 whicl1 we pray that· a patent may be granted 

oo- uS,. ad th~ method by which it is to be 

pe!i!f~ to be particularly descn"bed in 

and by the. · foJfowing · statement: -

The prel!e!!f invention relates to elongate 

te con:aete poles, piles .1J.nd like elongated struc"' 

tural members. 
In gener.al, ·concrete . poles, piles or like 

long roo:..like badies of ooncrete are subjected 

m use to ·a bending moment which varies 

· 15. in megnitl!rde a:kmg their fongitu.dinal axis. 

This means . that different. portions of sucl1 

poles or· piles are required to have different 

ulrimate or breaking strengths. Further, with 

suCh Nd-;like concrete bodiCS', it is undesit-

20 tlble !from: the · standpoint of durability or 

seiwice life that craclcs. should fonn in the 

suiftce of such concrete bodies under dif­

ierent Ion i.ncllilding the wind preSSU1'e to 

-\\whkh they ai:e subject<Cd in use and the im.-

• 25 ~- normally una.~dably given to them 

at the WOitl site. It has recently been a prac.:. 

rice,. the!efore ·to use such concrete members 

·ill. a-. pre.:.stressed state, that . iS; in a state sub­

jected in advance to an appropriate cont'-

···30 ~ive stress. Ace011dingly; in the :manu­

i:fltcture" of such rod\-like ·concrete members, 

wires of high-strength· stee1 are comtno.nly 

\USOO:< as. anal reinforcement. therefor, which 

wires are held· tin tension in the concrete 

. 35 members when these rixembers are not sub-

ject to outside compressive ·forces. · . 

According to· the··present invention there 

is prov.i.ded an elongate tubular concrete pole, 

pile or like elaagat-ed structural member in-

40 duding: an axial remoroe:ment comprising a 

plurality of longitudinal tensioned steel wires 

arranged: .. at .. ·equal·. interva:ls in a common 

[Pri~ 4.r., 64.} 

circle and each anchored at its opposite ends 

and .a plurality of fongitudina1 non-tensioiled 

steel wires arranged at regular intervals in 45 

tfle same circle in whicll' said tensioned steel 

wires are arranged; and an auX:iliary rein­

fo!X'!ement wound spirally along the outer 

periphery of said axial reinforcement. 

For a better understanding of the pre~t 50 

invention and to show how the same may 

be ·carried into effect reference- will now ·be 

made, by way of example; to the accom­

panyiing draw)ngs, ·in ·which: ·· · 

Figure 1 is a lfrag.m;entary perspective view 55 

<Yi a concrete pole, partly broken away, 

Figure lA is a fragmentary perspective 

view_, again partly broken awaY:, · ~ the. to~ 

portion of the concrete pole shown in. Figure 

~ 
. ® 

· Figure 2 is a :transverse cross-section taken 

along the line U-II in Figure 1, .. 

Figure 3 ds a transverse cross..:section taken 

along· the line III~III in Figure · tA, 

Figure 4 is, iri· the main, . a schematic 65 

devel()pment . illl.1$trating the arrangem.ent of 

a:idal · reinlorcements ·in · the concrete ·pole of 

Figures I, lA 2 and. 3, the pole kse:llf being 

shOwn at the· left-hand side of the Figure 

wiith the . section lines· U:-II and III-III 70 

illustrated, 
Figure 5 is a fragmentary · longitudinal 

·cross-Section of anoth« fonn of pole :in which 

tensioned wires. are arrang~ in two ·'r<YWS, one 

·row including. wir<:f · radially • · · a:ligned with 75 

wires if0rining the ~her row; and . . . 
·· Fdgare' 6 is a transverse Cl'()'sS-section taken 

along the line v1~v1 in Figure s. . 
ReJferring to the accompanying: drawings 

ud partiCularly to· ·Figures I and lA,'" refer- 80 

mce numeral 10 indicates a· longitudiiia:l tubu-

lar body of a concrete pole in· which a re- (:?• 

quired number ·of . wires 1 that a.re. held in 

tension in the JilOle when the latter i.S not 
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subject to outside compressive forcai ·extend... 1 lleing· held m tension during lfabrication oI 
1ongitudinally of the pole along iits whole the poles. . 
~ength. These. wires 1 are arranged at equal Reference will next be :p:)adC io F1~ S 
intervals in a circle of appropriate diameter and 6, which illustrate another •. for¢;,9(::i'ole 

--·~ 

and serve to impart a so-called pre-stress to · in which additional wires fa that. ~·.jfi:te.n.. 1.o> :J1J. 
the concrete pole 10. In order to hold these sion when the pole is not S'ubjC:ci: :to,~' 

M-/ !~~orfu7 pl:eS ~ .~:1if~s~~e~\i:~ ..• :1cf~ili~- !r~ 1 ~Jr~e,~~fo£;) 
ling anchoring recesses formed . therein, are with· the; wires l, a double r'i)w · of· 'Wit¢$. that 

10 arranged at the opposite ends of the pole are in tension. Numerals 2,: 3:~d. 4 in.Fi8t,tte 75: 
length, and the rein.forcing wires 1 are mi- 6 indicate · steel wires similai to the . wires 
chored to these steel plates 8 and 9 by en- 2, 3 and 4 provided in the first~deScribed · 
gaging enlarged heads 11 and 12, fonned at fonn. ~: diffemng .·in length from ~ch other, ... 
the opposite ends of the wires, in the respec- which wires are not in tension. The8e·vmes- 2 · · ·. ;, 

15 tive anchoring i'.ecesses .in the adjacent plates. to 4 are arranged in the same ci1'cle as the~ .so. 
Concrete is then placed in· a form and the radially. outward wires 1 and, around the cir­
anchoring plates 8 ·and 9 ate moved away cular airimgement of all the wires 1 to 4, 
!from ea.cll other to . tension the wires. The a steel wire: 7 is spirally ~d. In Figures 
procedure and equipment are conventional 5 fW.d •. 6,, reference numeral 13 indiicates 

20 and well-known dn the art as far as they spacers embedded in the body oI the concrete 8 
have been described aboVe.. pole · 10 at. points spaced from each other 

In forming, the present pole however, longitudinally. thereof. The spacers 13 are 
several different: lengths of ordinary steel ea.ch, formed with a· multitude of. holes to 
wire are also arranged in the same . circle in receive~ the: reinforcing· wires. With the · wireS 

25 which the wires 1 are arranged and in a pre- 1 and· 1.!· and . the tensioned wires 2, 3 and 90 ~ 
determined order, as indicated at 4 3, 4, S 4 ·· inserted through the spacers 13 as shown, 
and 6, these wires extending upwardly !from <:011.crete. is plaeed and the reinforcing . wh'es 
the bottom end of the pole to points short are fixed .,in place, maint:aining their relative 
of its top end. These W1ires 2 to 6 have a positions determined by the spa(:'el'S. Projec-

30 diameter·prefe.rably equal to that of the wires. :tions. 14 ·are fo.mned on each of' the spacers 95 
1. The number of such wires 2 to 6 arranged 13 along the outer periphery thereof especi~ 
in between each pair of adjaoent wires 1 ally to sCl'Ve the positioning purpose. · . 
and the respective lengths of the wires 2 to Thus in the !forms descnibed. above, rod.;; 
6 are suitably determined according to the Jike co.ncrete members · ha.ving ·.a breaking 

35 lengtJ!, diameter ~ strength required for strength ·varying 1liong their length are ob- 100 
the roncrete pole or pile. 'being ifabmcated. 'ta.inabJe by use of a, eage of axial reinfurce-:. 
The wires 2 to 6, unlike the wires 1, are ment :mcluding: an indetenninate. nmnber. of 
not tensioned during formation of the pole.• high-strength $teel wires which extend the 

Figure 4,is a schematic development of the entire length· of. the rod..:like member, which 
circumferential arrangement of the wires 1 alid 1lre ·held. in ·tension when the member· is nor 105 
the wires of shorter lengths 2, 3, 4, ~ and subject to .. outside compressive forees, ·and 

~- 6 used in the pole of Figutes 1, 1~ 2 and 3. 'W!h.ich 'are .effective to impart a . req~ 
As sh~, the steel wires 2, 3, If; 5 and 6 crack-resisting feature to the lai~; a plm:­
have res~cmvely successively reduced lengths. ality of · ordinary-Strength · steel . wires which 

45 The wires · 2 to 6 are rough hot-rolled steel are untensioned, which :have different lengths HO 
·wire8. For the steel wires 1 that are held .shorter than the en.tire length of the rod-.like 
'Ullder tension in the funned pole, cold- member and, a.s an auxiliary .reinf'O:rcement 
drawn high-strength material is selected to .are arra.nged in combina11ion with the . longer 
obtain the desired pelionnance. high-strength steet wires; md a: Spiral .or 

50 · In addition to the axial .reimorcem.ent in- hoop .reilliforce:inent applied to the combined 115 
eluding the wires l and the wires 2 to . 6 arrangement of high-strength ·and ordinary .. 
extendiing . longitudinally of· the concrete pole, strength steel ·wires. In: other wordS; the ,coin.-
steel wire . 7 of apptoprlate thickness is spir- lbined use of t>e:nsioned and ·non-tensioned 
ally wound' along the outer periphery of the steel wires ,enables :formation of cOn.crete.poles 

55 axial reinlforcanent formed by ithe wires 1 to which have a desired crack-resisting feature 120 
6 to a C91llplete a cage..like struoture, in Wlith a breaking strength varymg along the 
which structure the wires 1 ue all anchored pole axiS in a:· predete:nriined. . fashion.. · 
at the ()}JPOSite ends · to the steel plates 8 . and · In the. form "Of·· Figures· 5 and' 6~: the: re~ 
9 ~ in the.· formed. pole; are held. in ten- qwred number of tensioned'' steel : wm:' is 
sion when the -pole i~ not subje~. to outside minimal, all of die Wires· provided being J 
compr~ve Jf on:es. Such a cage structure is utilized most efficiently . ro impart the ·desired 

::1v!s ~=f ==en=u~ craI~-== JoF~~leto~~~~~ s/ 
fabricating long :frusto-conicail or cylindrical of tensioned steel wires is also- riiinfuiise(f : by 

M 65 concrete poles such ~the pole 10, the wires utilizing the fact that the exceptionailly la~e 130 . 
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r \ adhesive force obtainable between the con­
crete and the rough surface of the hot-rolled 
steel wires can take a great role in giving the 
required crack-resisting tfeature to the pro-

5 duct. 
Practical tests have shown that iin bending 

tests applied to reinforced concrete poles, 
primary cracks occur in... the .. concrete suri'ace 
when the tensile stress reaches a valve of 

10 approximately 2,400 kg/cm9 where the non­
tensioned wires used are of cold-drawn steel, 
but only when the tensile stress reaches a 
value of approximately 3,200 kg/cm.2 where 
the non-tensioned wires of hot-rolled steel 
are used. Upon the basis of these results. the 
total quantity of reinforcing steel used can 
be minimised by determining the total number 
and quantity of tensioned wires required, due 
account being taken of the effect on the 

...,_ 20 crack/resistance of the adhe_sion oecuring be­
, tween the hot-rolled wires and the concrete. 

Thus, the rod-like concrete members 
formed as described herein are provided with 
satisfactory breaking strength and crack resis-

25 tance by arranging non-tensioned steel wires 
so as to give the combined effect of affording 
a breaking strength comparable to that ob­
tainable with use of tensioned steel w.ires 
and at the same time imparting a crack resis-

30 tance to the xvcl-like member, as required.· 
The use of hot-rolled wires in concrete 

p<>les as part . of the axial reinforcement there­
o-f tends to avoid any severe reduction in crack 
resistance when such poles are involved in 

35 fire, and also to reduce the adverse effects 
of impacts to which the poles may be sub­
jected. 

wHAT WE CLAIM IS:-
1. An elongate tubular concrete pole, pile 

or like elongated· structural member includ- 40· 
ing an axial reinforcement comprisirig a plur­
ality of longitudinal tensioned steel wires 
arranged 1lt equal intervals in a common: circle 
and each anchored at its opposite ends and 
a plurality of longitudinal non~tensioned steel 4S 
wires arranged at regula:r intervds in the 
same circle in which said tensioned steel wires 
are arranged; and an auxiliary reinforcement 
wound spiraUy along the outer periphery of 
said axial reinforcement. 50 

2. An elongate tubular concrete pole, pile 
or like elongated structural member as daimed 
in claim 1, and further comprising a set of 
tensioned steel wares arranged radially in­
ward of the first-mentioned tensioned steel 55 
wires. 
. 3. An elongate tubular concrete pole, pile 

or like elongated structural member as claimed 
in claim 1 or 2, in which the tensioned wires 
are cold~rawn high-strength steel wires, and 60 
the non-tensioned wires are hot-rolled ordin­
ary-strength steel wires. 
· 4. An elongate tubular concrete pole, pile 

or like elongated structural member substan­
tially 1lS hereinbefore described with reifer- 65 
ence to Figures 1 to 4 or Figures S and 
·6 of the accompanying drawings. . 

·HASELTINE, LAKE & CO., y_ 
Oiartered Patent Agents, 
28 Southampton Buildings, 

Chancery Lane, 
London. W.C2. 

Agents for the Applicants. 
~~~~~~~~~~~~~~ 

Printed for Her Majesty's Stationery Office by the Courier Press, Leamington Spa, 1969. 
Published by the Patent Office, 25, Southampton Buildings, London, W.C.2, from which copies may be obtained. 



'' 

1,151,260 3 

'·· ''· adhesive force obtainable between the con­
-~~"\ crete and the rough sud-ace of the hot-rolled 

steel wires can take a great role in giving the 
required cra.d:-re8isting !feature to the pro-

5 duct. . 
Practical tests have shown that iin bending 

te~ applied to reinforced concrete pales, 
primary cracks occur in the concrete suda.ce 
when. the tensile stress reaches a valve: of 

10 appr~imately 2,400 kg/cm? where the non­
tensioned wires used are of cold-drawn steel, 
but only when the tensile stress reaches a 
value of approximately 3,200 kg/an.8 where 
;the non-tensioned wires of hot-rolled steel 
are used. Upon the basis of these resu:lts. the 
total quantity of reinforcing ~ used can 
be minimised by determining the total number 
and quantity of tensioned wires required, due 
account being taken of the effect on the 

t-J 20 cracl:lresistance of the adhf'._sion oCcuring be-
., f . tween the hot-rolled wires and the concrete. 

Thus, the r-Od-like concrete members 
formed as described herein are provided with 
satisfactory breaking strength and era.cl: resis-

25 tance by armngiing non-t~ioned steel wires 
so as to give die combined effect of affording 
a breaking strength comparable to that ob­
tainable with use of tensioned steel wires 
and at the same :time imparting a crack resis-

30 tance to the 1"9d-like member, as required. 
The use of hot;.rolled wires in concrete 

poles as part of the axial reinforcement there­
of tends to avoid any severe reductiOJ.11 in crack 
resistance when wcli poles are involved in 

35 fire, and also to reduce the adverse effects 
of impacts to which the poles may be sub­
jected. 

WHAT WE CLAIM IS:-
1. An elongate tubular concrete pole, pile 

or like elongated structural member includ- 40 
ing an axial remforcement comprisirig a plur­
ality of :longitudinal tensioned steel wires 
arranged at equal intervals in a common circle 
and each anchored at its opposite ends and 
a pluraJity of longitudinal non .. tensioned steel 45 
w.ires arranged at regular intervaas in the 
same circle in which said temioned steel wires 
are arranged; and an auxiliary reinforcement 
wound spirally along the outer periphery of 
said axial reinforcement. 50 

2. An elongate tubulu concrete pole, pile 
or like elongated structural member as claimed 
in claim 1, and further comprising a set of 
tensioned steel wires attanged radially in­
ward ru the fust-mentionecf tensioned steel 55 
wires. 

3. An elongate tubular concrete pole, pile 
or like elongated structural member as claimed 
in claim 1 or 2, in which the tensioned wires 
are cold-drawn high-strength. steel wires, and 60 
the non-tensioned wires are hot-rolled ordin­
ary-strength steel wires. 

4. An elongate tubular concrete pole, pile 
or like elongated structural member substan­
tially as hereinbefore described with refer- 65 
ence to Figures 1 to 4 or Figures 5 and 
6 of the accompanying drawings. 

HASELTINE, LAKE & CO., y_ 
Oiartered Patent Agents, 
28 Southampton Buildings, 

Chancery Lane, 
London, W.C.2. 
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