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ON THE SPIRALLED AND RODDED CONCRETE COLUMN

By Keijiro Ogawa.. C. E., Member.

Synopsis.

In this paper the subject iz divided into five sections.

In section T, the brief doseriptions aro givon on the construction of the spiralled
concrete column, gpiralled and rodded conorete column, and alse om the execution of
these columns,

In saction II, tho deformations within the mit of working stresses nre fully treated
of. ) .

Tho correct methods and formulas for tho crleulations of strength of the column are
‘given. Thoy will enable us to find the exnck stresses and straing in coneroto and in steel.

Quostions rbout the deformation in each matarial aro clearly solved in the section.

The merit nnd officiency of the spiral and rod in the column ave fully discussed in
this section.

In soction III, the right =nd correct metlods for the caleulation of the ultimate
strangth nnd ultimate load-—theso being the foundamentsal solution for strength and lond
on the column—are proposed for the column from the muthemnticn] and mechaniosl point
of view, ’

Out of the experimental results given by Prof. Morsch and tho writer's enuations,
fho factors determining the increase of strenmgth in conorete duc to spiral are obtained.

;I‘he merit and efficioncy of tho spiral in the column for the ultimate strength snd
ultimate load are fully oxplsined for various degrees of strength of soncrete.

The relntions hetween the ineresse of strength of conoreto and its inerease due to
spirel are olenrly shown in the saction.

Lastly tho writer procoeds to the celoulntions of the worlting load by the ultimate lond
formulea thus obtained.

In seotion IV, the writer shows muny formulne which have baon ﬁsed o are Now
employed in vnarious countrfes. These formulee nre compared with those obtained in
section III, and cxitiosl judgment is given wpon tho zesult.

Soction V ig ontirely tho résumé of tho discussions in this paper. Horo some im-
porfant now fucts mud corroot formulac are pointod ond for the observations =nd

onleulations of strongth in the said colomn.
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Notations used.
A =total eross section area.
A, =area of conecrete in cross section.
A, =core concrete avea.

A, =cross section area of rods=.4— 4o

4,

or core area— A ; p:% or p=
k ]

A, =area of equivalent longitudinal rod which has same volume or weight with
gpiral in wunit length of column.
_ ﬂ DL wd’D _ maD
4 s 4s 8
B, =modulns of elasticity of steel.

B, =modulus of elasticity of conerete in compression.
5,
e

Ju =ultimate strength of plain concrete (per unit area).

n —=modular rafioc =

Ji =stress in steel rod (por unit area).

Jre.=tensile stress in spiral (per uait avea).

Jo =working stress in concrete (per umibt area).

J =longitudinal stress in general (per unit area).

Jo =increased strength in concrebe due.to spiral (per umit area).
J: —=shearing strength of concrels (per unit area).

P —=total ultimate load. '

Pn=total safe or working load.

V! =volume of spiral per unit length of colummn.

V =volume of concrete core per unit length of column.
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Ds
s =pitch of spiral..
D =diameter of com
d =diameter of splral wue
g =cross section avea of spirval wire.

T

4 ]
1 .
g =radial stress preduced by the spiral (per wmit area).
or tadial stress acting to the spiral ring due to the axial pressure f (por
unit area).

1 . .
— =Poisgon's ratio.
G

¢ ={frictional angle of granular non-coherent material,

Section I. General construction of thel(}blumn.

Spiralled conerete column is made by inelosing the cylindrical concrete core
with helical steel wires or coils. Bub practical considerations lead to the addi-
tion of longitudinal rods, and which is named heve spiralled and rodded concrote
column. The piteh betweon the wires should not exceed 12~16 times the dia-
moter of the least longitudinal rod and should be small encugh to resist the
lateral expansion of the core.

The least diameter of the helical cml—d:m"‘ and theve should be at least
six longitudinal rods of diameter of 1.3~ 5™

The ends of the column are said to be fixed when the axis at the ends re-
mains in its original position and direction under all loads, and this would
appear when the ends are sufficiently securved to other parts of the coustruction.
Tixing the ends will produce a stiffer and consequently stronger column.

~ Uoncrete should be deposited in such a manner as will pormit the most
thorough homogeneity. The placing of couerets should bo continuons and nob
suspended. |

Before depositing econcrete, the reinforcemont should e carefelly placed in
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aceordance with the designs. It is cssential that moderate means be provided
to hold it in its proper position until the couerete has becn deposited.

The forms should be substantial and the inside space free from debris or
dust,

I

Fig. 2. Spiralled and

=

Fig. 1.
Spirailled Conerete colamn rodded Qonerete column

Section II Formulae for working stress.

Since the spival prevents the latoral expansion of tho concrete core,

.f~ﬁ=.f_2fr,_........(1)-
fo= i‘? - (2)

which is a longitudinal stress inereased by tho spiral.

The strength of the spiralled conerete core is, thercfore,
2 ¢
R e N )]
a

Let Al =longitudinal strain of plain concrote columm.
Al;=lIongitudinal strain of roddoed concrete column.
Then we have , Al == AL

where k== (14 np)

The strength of the spiralled and rodded concrete core is therefore,

ijc(ﬁ+%) SRIEIC IR - ()
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and applying the two relations, ,(v: ;‘“ amd g= 2f“ a), we_have
. . [ S

Therefore equations (3) and (4) are respectively

. f=ﬁ-}=%ﬂ_v
/ =7f(,/c+v;:;ﬁ_p) - (6)

/l; ]

B

. From the potenzgesets A= » we may pub =1 within the limit of

working stress and thercfore A=

Since the shortening of the concrete and the rod is equal, we have fi=nh;
and '

- lateral strain 1

lonoltudnml strain o

’J.horbfore flOl'n the longltnduml steain, the stress in the vod= lono'Ltuc]ma.l strain
x B, the stress in the spiral=Ilateral stainx B, Poisson's ratio 15 constant
; ‘ : : .o

for the perfect fluid and its maximum possible value is é-.‘ The ratio can not be
greater than = otherwise a material could increase in volume due to compres-

sion, which is not the case. Tor o:dinary metals, such as cast ivon, ‘wrought iron

and steel, the ratio is i«.«i

. ¢ 4 ‘
In the case of the concrets, the ratio has a depéndance on. tho strength of

the concrete.

..In the diseussion of the conereie, it was often taken as %, bub this wounld

evidently be in error. (ireater Drittlenoss and less elasticity seldom appenar
in the botter concrete; 1 : 2 :4 or better proportions -are used for the
concreto with reinforcement. The first cffect of applying a pressure to the
concrets column would probably be to decrsase the volume in the direction
of the pressure with little or no lateral expansion. Cdmpa,l'ed with steel, concreto
lacks in density having small voids amounting sometimes to 20% and is granular

in pature with probably a state of tension existing in the mass of coement, this
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boing due to the shrmLa.o‘e in setting,
It thore is little or zio lateral etp&nslon in the first stage of a.pplymg the

.1
pressure, the ratio —— would be expected to be zero or g==c and to increase
o" :

a8 the'pressure increases. This doe_s:nqt oceur vegularly for all comeretes.
Conerete is deformed irregularly ‘Iﬁy the pressure until the certain preésure
is reached. Up to this limit,  conerote adjusts itself to the pressure, the small
voids being filled up and its compactness being increased, and all the inifial
strosses are relioved. At about 10kg/om®~ 80kg[en®, the irregularity of defomation is
largely eliminated and fron this point up to & certain higher stress, the limit of which
lies well beyond the ordinary working stresscs, the mass is thoroughly compacted

and the deformation obeys a definite law ranging to—L. =%~_} For_the
a .

<

For the stress within the limit of working load or for one-fouwrth of the -

ultimate, A %,w%w will bo correct (E. Probst;—Vorlesungen tiber Fisenbeton).

a

. In the better concrete which is less Lrittle and more elastic, the deformma-

tion obeys the definite law more quickly than in the inferior kinds. At the

cortain higher limit of stress the destiuction of the bond in the concrete begins
‘and the deformation would become irregular again.

Tt is noteworthy that the quantity is made greater by the smaller pitch of
the spirals. In othier words, the smaller the pitch the smaller the deformation of
the concrete. :

When the pifch is e,qua.l to mero, the limiting case happens, a.ud the greater
the strength of the mantel or the cylinder, the less the lateral strain of the
concrete core. .

In this paﬁer, Poisson’s ratio for working stress or ome-fouwrth the ultimate

is taken to be %f\,_]__

9
Since diametrical and circumferential strains are equal, the equation of

condition
v a g

will Lold 'for gpiralled concrete core, from which we have
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N

o

7= — (0

24 o=

and

a
PR S A 8
3 2+m;6_"1 ©

o

Equations (7) and (8) indicate the theoretical relation between the longitudinal
siress f and the radial stress ¢ or the hoop stress £, respectively,

It n=15, L =31
o 7
then Q':L{[ﬁj.
: 2412.86v
or if #=10, then q:-——:l‘—étﬂ
24 8.5Tv
Further if v=0.02, then
for n=15, q= f or fo.=2f
500
strain in lspiml:—2f——
2,100,000
for #=10, g= S o Sor. =1.4f
76
strain in spﬂal:—ﬁ——
R - 2,100,000
Combining equation (3) and (7), we have
fee fcl T )
- 2(—‘%) .
S = AT i
FOUES . a(2+nv o1 )
pn

This is the theoretical formula for the strength of the spiralled concrete core.

The maximum possible value of f is,
when ' 7 A L w1,
) o PP I \ -




320 ON THE SPIRALLED AND RODDED CONCRETE COLUMN

/-

- _,‘ Y ¢ 1
f 1 15¢ ' (10)
44150
Also when n=10, L 0w
‘ 10w
44100
Sinoe 150 N, 10w
4+15v /7 4+10p.
f equation (10) > f equation (10, a)
The values of ' 2(1' Sy
__m:)
a(2+aw g~1 )
a.‘
n=15 {maximum f )
v A e o L_p3
a O
0.005 0.003 ' - 0.001
0.010 0.006 | 0.001
0.015 0.008 0.002
0.020 0.011 0003
0.025 0.013 0.003
0.030 0.015 . - (.004
0.035 0.017 0.004
0.040 0.019 - - 0.005
Combining again equations (3) and (7), we have
onfw
7= a'fl
02(2-1-13_@ )—%w
(42

and again from equation (3), we have

= . 2?2” . . . . * . . .
4 *“ﬁ’(l o F o — 2o 4 1) ) ()

This is another form of the formula for the strength of the spiralled conerete

eore. ‘The maximum possible value of f is,

‘when ‘ 11 am n=15,
g 2 '

f:fc_(l.g__g.my) e e (AD)
also ‘when n=-10, S=AA4256)« e o e o 0o o (12a)
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Thus two forms of equation (9) are (11) are obtained.

The values of f for various values of 2,

.. o
n=10 _ a=15.
L Values of f. .~ Values of /.
a
1 PSPy I 200 ( )
= = £l 14
5 7 fc( "0+180v ) ST ’“0+270'u
1 .
6 ( (2—1-2.800 ) s .fc( 72+42U’u
1 ( 200w ) _ ( )
= F=f1 =f;
7 + ‘J8-[—4(J()v _ s 99-}-000?)
o v A )
—_— : 1 =S¢ 1
8 + 128+04()v f f 128-}-81017
1 ( ) ( 30v )
F=f(1 Y S L LA
9 168+ 7000 1()2+700'u SR LE 162-{—10&'501,1
1 ( 200 ) ( )
i : 1 [t
10 T 900+ a80; 200 4 880w SR 200»{-13201)
Average from 21
‘ o ] 10
p N 20 ) - ‘ 0
O YA [ N SR wl =10. - - .« . . (1f
r=A{1+ 118 1 4970 o (15)
20w e -
f= fc(l+m) when  n=15. . - . - (13)
From equation (12), the maximum possible increase of strength due to spiral is,
when v=0.02, 7.5% while for ordinary cases i.:._l_ and therefore it is only
a

0.5%. When n:=:10 this is only 0.4%. The total working load for the spiralled

and rodded concrete core.is:—

Psqﬁ,w . 'f‘c ‘ k.Ak
(- )
—
1— g , .
) 0(2-!-%?) o--—l') ‘ ch e e (14)
or ' Dav
P ,e_:(l ) o A,
. " +20'2+mJ{a'—2)(a'+1) T
K=(1+ng). '

As has been showu the spiral practically does not inerease the strength of
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the concrete core within the limit of working stresses. Since this is concerned,
the total concrete area may be used in computing the working load with the above

formulae. Take, as an example, equation (184), then ‘

ey 30v . ' :
P, (1__' )AcA-------l-"
eI M ig gy St - 15)
The term v is noegligible for the working load and we have
1187450 ‘ : '

Poyp=f( A +nd)

The above equations serve to prove mathematically that the spiral Practically
does not increage the strength. of the concrete core within the limit of
working stresses. '

The equation f—f,=0 is practically true within these limits of loading.

It %T— of the lateral expansion of the concrete core is restrained by the

spiral, the. equation of codition is

quVEZT for the spiralled core.
S i ‘
) , - (186)
q:TIE(iml_) for the spiralled and rodded core.
. o
Substituting one of these two in the equation
(1)., we have S-— S N‘T(‘T D=2 (17)

_ H,  No(g—1) - _
S is the 10ng1tudma.1 stram when the la,texa,l strain iy rcstramed by the spiral

.by an amount equal to % .

The increase of the modulus of elasticity of concrete is equal to

No(o—1)

el A \e” R . (18)
No(e—1y—2
for the spiralled conerete core. From equations {16) and (7} we have
N:MM_'..........(:[Q)

(o —1)
N depends on ¢ and v. If N=1, then 2=0 which is impossible, and the. lateral
strain eanmot be all restrained by the spiral. For the spiralled and rodded

concrete core, the increase of modulus of elasticity is
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_kNo(e—1) ..,
Na(a—l) 2

a.nd for N 1t. is {;he same s cqua,tlon (19). " ﬁ;_lﬁ,.v&:(}.ﬂz_afnd\_ o=7, then

- (20)

N=8.8 and the lateral strain is restrained by"an arnount équa.l to 818 and the

conespondmo' inereaso of modulus of clas’nlcmy of concrete is, by equatlon (18),

0.59%. thn == 10 thls is respcctwuly amd 0.4/0 .

For the spimlled and 1-odcled concrete eore, the increase of the latter is,
when p=0.01~0.04, 15% ~ 6027,

Spirals have little or po effect within the limib of working stlesses while
the rods are very effective within these stresses.

The increase in the sitrength and the modulus of el&stwlty due to the spiral
is very small within the limit of the working stresses. These facts are more or
less known from experiments; but owing the experiments relating only to the
ultimate loading, the above facts bave not been well explained for the working
stresses. |

The above discussions would be quite enough to solve the problems by
mnthema,tlcal and rationdal means. .

All problems oceurring within tho lmit of working stresses should be cal-
culated by the above formulae.

The writer has gwen here the ma,thematma,l basis for the eft.lcula.tlons of the

working sfresses. ‘

“Section IIL Formulae for ﬁltim‘ate,:j -s‘;ﬁ:éﬁgth.'

In the ultimate load, the internal stress in the concrete exceeds the endurance

limit and the assumptions made in secticm II camnot be applied.

1. TUltimate strength and ultimate load.

When the granular materials, such as, concrote is stressed to the ultimate,
its failure occurs through the shear along the plane which makes a cerbain
definite angle @ with the horizontal: The resistﬁnce‘ to the failure i the sum
of the strength of the concrete to resist shearing and of the frictional resisfance
to motion along this plane. At the instapt of motion, the sum of these two

resistances must equal to the shearing component of the pressure imposed when
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resolved along the shearing plane.

Let f be the nominal stress and considering the plane making an.angle 6
"with the horizontfal, 'we -have | E
normal component=jFfcos®§

- tangential component == fsin @ cos ¢
The ta11gentia‘1 cbmponént is gréatest when @:=45° a;n_d its maximum value is % It

has been cousidered that the plane making an angle 0=45° with the horizontal is

hasthe plane of rupﬁure; Coulomb, Rankine and others are responsible for such an

assumption. R B ‘
© The actual plane of rupture, when

the specimens lave sufficient height, is o P

the plane making a greater angle than 45° l

‘due to the normal component.
Consider a conerete core ' enclosed by
‘the spirals and also the plasie making an
angle ¢ with horizontal, and assame / >g,
then we have ;—
Besultant normal stress
=/ 08’ + ¢ sin®d
Resultant tangential stress
' =(f—q)cos @sin b
At the instant of failure, the cbndition Fig. 3.

f— 0808y sin @+ cos 6) o
‘cos f(sin 0=peosf) - cos'd(sin @ pcos 0)

- (21)

will exist. The second term is evidently equal to the ultimate stress Ju of

concrete. _ ‘ ‘
__g sin 8y sin 0L cos 6) R
.,co8 B(sin ¢ — p cos 4). +ﬁ o q %)
and . F sin O sin A +cos &) ) (23)

cos H(sin 6 — pa cos 6)

Since g==". Je. 5 v holds at the msta.nt when the fa,ﬂmb ccours, we have . :

T S 50 &(y1 sin - cos §) : ;
e Loy, (24
% 2 cos&(sin 0= prcos ) co @8

Thos the limit of ultimate strength is raised and- is perceptible for all” percent-
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ages of spival. TFrom equation (23), we have

(f,——I qYcos § sin @

r—=tan ¢p= . (25
/ ¢ JSoeos™d+ g sin'd - (25)
The plane on which the tendency to fail is greatest is obtained from the condition
d (tan ¢P) —0. ' . '
: od
Therefore, differentiating and eliminating the common factor, we have
g=aso+ .
Applying 9m4:5°+—3—~ in equation (25), we have
_Jf"_zﬁs%n_‘f’ (28
q 1—sind
or Fo= 1+31'11tf:' :-f“-'- v 1+S§nd:- L@
I-—sind 2  l—singd
and sin ¢ = Jo—q _ S - (28)
Jotq 2f+fn ‘
Applying the condition f. ==/, we have also
' .
q::nj‘#"y............(29)

where f,, —tension in conerete on eontact face with spival resulting from the
expansion of the concrete core.
" n/=modular ratio of steel and concrete in tension.
As has been explained alrsady by equation (2), oxﬂ is the increased
. . T

strength due to the spiral within the limit of working stresses. While for the
1+sing
l1—sing

the strength of the conmcrete core is greatly increaged by the spival for the

instant of column failure, the inerease is f,=gq This indicates that

ultimate loading compared with that of the working stresses.
- The theorctical angle of rupture is greater than 45° and for concrete &=
66°30/ ~ 67°30" and its fair average will be about §=66°49" when f;, =2,800 &yfom*
Since the theorotical angle of rupture @ is greater than 45° and approaches.
70° according to the value of For. it is evident that the height of the specimens

should be at least 1.5 times the least latoral dimension in order to - offer an op-
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portunity for failure on the theoretical anglo.

This is a very important matter as Prof. J. Bauschinger has already studied
this question, s
o I'rom the above theorctical treatment .the ultimate gtreigth of the spira;llv-;d
concrete core is, in the granular non-coherent condibion,

. f:ﬁo+q

1+ sin @

TR L ey
fr. , L+sing } | o

=f, u v

O Ty

Prof. E. Morsch states that the increased sirength of the concrste core duc
to the spiral is Mf, 4/ and he found that M varies as the strength of concrete
Ju  His formola was _

Pofdp AL+ M)y - - - - -« - - - (30)
and for M, .

,_.1,[1)'_.’:‘45__ T &
M= v 1} 62

where fi=limit of stress in steel.
From equation (32), Prof. Mdrsch found the factor 3/ for various cases of the
spiralled and rodded column from the experiments.
When hoops are used, then M=0 and we have
P ::f;:As +ﬁt‘40 .
Here the total concrete area 4, is uscd instead of the core arca ;.

For the spitalled round core, the factor M=53~57 and for the gpiralled
square shaped core M—19~62. (E. Mdrsch :-— Die Eisenbetonbaun). Thus there
is a wide range of A and when M is assumed from the Morsch experiment, the -
general exactness of the above equation ecannot be ascertained. DBub from various
experiments he concluded thab the greater the wunit strength of the coucrete tho

less the value of I and gave the following numbers.
Sfkalon®l=20 140 160 180 200 220 240
M="71 59 50 43 38 34 31

Mfgeglam® =8,520 8,260 8,000 7,740 7,600 7,480 7,440

He alzo states that the average value of M is 45, and the greater the 7,
the smaller the AL, The German regulation of 1916 will be obtained if M=45 '

is taken as further seen.
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Thus Prof. E. Mdrsch gave the experimental results.. But norational treat-
ment has been propounded by him or by other writers, '
. As the writer has shown, the theoretical increase of strongth due fo spiral

being given by equation (30), we have

= : . l4sind
1 ﬂ_’l :(l f: . )
N i s pae v

and this is the fundamentsl equation showing the increased stremgth of concrete

due to spiral. Also we have

M = So .M_HA_M“L!-S-i_nt& s el S L (38)
2/, l—sind ‘
or . M—f, '
sindmfelt T an oL L (34
e 4 Hall )

By Prof. Morsel’s experiment, ¢ can bo traced for each strength £, of concrete
from writer'’s equation (84), which gives in turn the corresponding values for &
and /., ; f... being the hoop stress at the instant of failure of concrete is faken
here to bo the yield point of steel, that is, £, =2,400 kg{c__'m"zm2,800 Teg [om”, Profes-
sors Withey and Talbot give values of the ultimate lateral strain for a spirally
reinforcedeoncrote column, that lie between the limits of (.0006 and 0.003. 'The
greatest lateral strain is well before or at the end of the yield point elongation
of a steel wire. The lateral strains due to the failare of the concrete core are
equal to the strains in the steel wire. This shows that the spiral is stressed
most to the yielding point when columm failure or ultimate loading has oceurred.
The failure of the core is due to the failure of the concrete and not to the
failmre of thes spirals,. When the faiiure of the concrete occurs, the spiral does
not suffice to carry the load with its lateral support. If there were a greater
quantity of steel, the failure of concre’n;a does not. produce the failure of the
column becanse the spiral acting on the concrete core suffices to support the
load; the ultimate strength is simply the smomnt which can bo carriod by
the granular non-coherent core supported by the spiral.

However if one of the two materials, concrete or spiral, fails that is evidently
the failure of the columm and the colomm is useless. Whether the ultimate
strength of the column is determined by the nltimate strength of steel or its
yield point, is debatable, but latter appears to be more rational.

The writer vecommends the modular ratic n=11 for econcrefe of an age of

70 days or more; and n=10 will be moderate for ordinarj working stresses. But-
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with the increasing sress in concrete n becomes greater. " =15 when E,=14,0000
Egjem? and n=20 when K, ==105,000 kegfem® :

“The last examples are in the zone of ultimate loading. The modular ratio
#n=15 is assumed for ultimate loading as usunal.

From equation (84) and n=15, we have the following numbers.

F oo om? Foe. =2,800 kgjom? For. 7= 2,400k fom?
equation 34. equeltrion 27. equa,tioil 34. equad?ion aT.
120. 45°48’ 6.1lqg 49°.10/ 7.2¢q
140. 45°.1%/ 59¢q 48°.30/ 69¢q
160, 44°,36 5.7¢ 47°.49 6.7¢q
180. 43°.45/ 5.5 ¢q 47°.05/ 6.5 ¢
200. 43°.31 bdq 46°.40/ 6,3¢
220. 43°.13" b3g 46°.25¢ 6.2¢q
240, 43°.06' b3gq 46°.15 6.2¢9

Trom these numbers, the writer draws, for

—a 1 —I-Sin d) o
= 2,800 * 5, =0
fir. cy/cm T sind D)

with consideration of safety and of simplicty of formula to be obtained.
Then we have

minimum f=53¢= 5.34%L-v.~: 7,4000.

f=fotfi=fut 7,400v:fu(1+ 7400 z,) : . (35)
" and the minirnpum unltimate load is, until
=240 Teyfom’ is veached,
( o
(mininum) P=f4, +A(1+ 7?‘?) )ﬁ» C e (86)

where ' Je=nfy

Since G(Iil‘la.tion (34) is assumed to hold good, when f, is grealer, the angle ¢
1+sing

. is small, or viee vessa; so small a varia-
l-sing -

is smaller and consequently

tion in the angle of friction ecorresponds to so large a range of stress in the
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steel. As been shown above, the product

Jor d4sing
2 1—sing¢
is constant for each strength of concrets and is iudapendent whether f.. =2,400

Icg/éﬁz .

or Jei =2 2,800kgfem*  is taken.

Fig. 4. @f?/f(f'cfbﬂf cyf 7
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The above fable shows that the increase of stremgth in concrete due to
spiral is greater for the weaker conerete with a given quantity of spiral, which
indicates that the greater the ultimate strength of the conerete the less. the.
mexit of the spirals, Prof. Withy concludes from “his experiments that conecrete .

having a strength of 343 kgfem® or more will not have ifs strength noticeably
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increased by the spirals.

Ffor. L+eind
2  1—sing

This means that is all constant with the greater strength

of concrete. As the figuve shows, ¢ is canstant and equal to about 43° for th»

strength greater than f,=240kgfem’ when f, =2,800. jfom®

1+sind3° _ 140.682

Then T =
1—sind3° 1—0.8682

=5.29

Therefore, for concrete having an ultimate strength greater than 240 kgjem’, we
have

F=f =St 14000
and the maximum ultimate load is, for f,>> 240 kyfer?,

(maximum) P=f A [+ 7,4004/

N G Yi
=f (A +nd)+ 74004, (37)

As equation (36) or (37) shows, the ultimate stremgth of the concrete core
‘is increased with the greater quantity of spiral. But since the core is protected
by tho shell eoncrete, it should not be sheared off by the working load. Trom
this point of view there is a certain limitation as is aftorwards explained.

From the above the following conclusion is obtained :—

Tor a concrete having the ultimate strongth less than about 240%kgfen’, the
minimum  ultimate load formula should be equation (36). The strength to
bo incrensed by the spiral is the function of the ultimate strength of the
conci‘ete, and greater the strength of the concrete the less the merit of the
.spiral. However for the concrete baving an ‘ulfimate strength greater than
about 240 kgfen®, the maximum ultimate load formula should be equation (37).
Here the strength to be increased by the spiral is nearly independent of the
ultimate Srtrength of the concrete and is constant being equal to about 7,400 4.

The ultimate strength is the fuuction of age in the concrete. In an ordinary
design, one month or three months of age is chosen, and the strength is assumed.
The writer recommends a three months age and the values of f, in this papexr
are all referred to the concrele of an age of three months. '

‘From equation (36), we have
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749G

n

(minimum) M= - (B8)

Sflofe=120 140 160 180 200 220 240

minimum M= 62 b3 46 41 37 34 |
A Further from the condition that spiralled and rodded concrete core should

Lave greater strength than redded concrete column at the ultimate,

we have s+ A1+ Mo, Z (A, +nd)
]lfu_:f”;—]—'é when Ac:izim
3 ]
or mEmmm 'U:--.__]ﬁiﬁ Ce (39
22,9200

for all percentages of rod. - Thevefore the minimum M v is 0.33 for the ultimate
loading. I

Nd exact laws showing the velations between tho inerease of the ultimate
strongth of the concrcto and the increase of strongth due to spirals and rods avo
propounded. The formulae which have been proposed in various counfrics are all
empirical. Tnvestigators have assumed that tho spiral adds a cortain definite
strengt to that of tho conerete and all formulue relating to the strength of the core
have been made without taking the strength of the concrete. In other words,
investigators have assumed that spirals add o cerbain stromgth to the core
ili'eSISGGtiw'e of the strength of comerete, As shown by equation (80) the increases
in strength of the concrote due to spial is

Jer. ” 1-tsing
2 1—giné

aud a small change in the angle of frietion vesults in a change in the strength

of the concrete.
The ultimate strength to be increased by spirals does not increase propox-
tionately to the quantity of v since the strength of the concrete is concerned.

Fromi equation (33), we have

Fo omgp, 2osing

1+ sin b Co(40)
or ‘ == .-_7;'_"_.1; = Al f ‘.;'l_ S%n qs_
| o T 4sing

As already moutioved, econsider the plane making an angle @ with the

horizontal. 'The normal ecomponent=feos’d and the twmzential compouent=/Fsin &
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cos 0. Af the instant of failure, we have

fe= fe

cos B(sin a— /L cos ()

and the plane on which the tendency to fail is greatest is the plane making an angle

0:45°+7§— with the horizontal., Therefore the relations between the ultimate

stress and the shearing strength in terms of # and ¢ are respectively

F=2ftan 0 }

and =2 14sindg <. - (41)
cos¢p
For the spiralled councrete core, we have
e 1d-sing )
(1 4 Sy —9ftand - « - -« . . . . (42
f( + 2_]‘;,,1’ 1l —gind s fan ‘ (42)

The increase of shearing streogth of ‘the concrete due to spiral can be.found
from &he last equation.
2, Working load.

Conerete has no yield point. The coucept of & yield point originated from
stee], The properties of materials nzed ju a monolithic structure may make it
essential that a cerbain stress is mob excecded, which would place a limit on the
working stress. Theve is a stress (as in steel), wlich i3 o certain definite percentage
of the ultimate stresl's, an infinite number of ropetitions of which will not cause
failure, nor too Jarge an increase iIn strain. These, then arve definite criteria fo
be observed in concrete, ivsbead of the so called yield point.

As to the concrete, Prof. Van Ornum states that, from his experiments, the
endurance limit of conerete is 50% the ultimate stress. According to Van
Omum, 509% the ultimate stress is therefore the limit of stress in the working
load ecaleulations. If the strength of a concrete cube be 100, the strongth of
prism is 100 x 0.8 according to Prof. C. Bach.

The variation of strength of concrete is say 30%. Trom these considera-
jlony we have

100 x 0.8—30
2

Since the outside shell concrete supports the load within the limit of work-

Factor of safety F= =25%.

ing conditions, we have

Lt My 4nd)S05Fud, - - o - o (43)
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Paking 4f—f, and AF%A,C, we have

My=__ 8
= B +p)

. 1 8
maximum U= 7[,( _Ri:@oj —_ 1)
Co e - (44)

= _Ju ( 8 —1)

7,400 \ 3(14np)
Ordinary f, is less than 240ky/cm®, therefors eq’ua.tion (44) is quite applicable to
the conditicns met in practice. From equation (38), factor M has » definite con-
stant value for each strength of concrete, and therefore from equation (44), v
should have a certain constant value for each stremgth of concrete for a given

quantity of p. From the above considerations, the maximum sale load is

maximurm L= ?fg&:Q.Tﬁ_Ak N 1))

5

The maximum value of M v has a dependaunce on P as shown in equation
(44) and the greater the quantity of P the less the quantity of v in the given
concrete. The quantity of v should be selected ,with accordance of p.

The strength of concreto is increased by the spiral by an amount oqual to
(1+ Mv), and from the point of view that the outside shell concrete should nob
fail under an endurance loading, the maximum M v should be 1. 7.

From equation (35), we have

o TA00 .
_1= =My - - - - ... . . (46)
S Ja
and from equation (44), we have
mazimum f,,= '6{14- 1___(_5..—9?23)1:ﬁ(1+ﬂ![v) )]
' lfap \ 3 I

The values of maximmm  fhqfem®

)

p==0.00 0.01 0.09 0.03 0.04

equation(d7)=2.7f, 2.32f, 2.05f, 1.847 174,
Mv=1.7 1.32 1.05 0.84 0.7

From the condition nf=nf(l+ Mr)=2,800 kyfen®, we have

-
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2,500
(1 4- M)

; 2,800 I 1 ( 5 )} 2,800
safy = ——————— 1 -{- [ —_— 2) = . . e 4:8
Joor a(1l -4 Mu l I4ap \ B " % (45)

( 7 .

3]

maximum. f,=

C (4T

The valaes of maximnm fgfon®

- p=0.00 0.01 0.02 0.3 004

equation= 7. 80 91 101 112
(47 a) :

max fo =187, 187 187 187 187

equation (48) 7

Therefore beyond these stresses, the rod suffers in cairryi.ug the load and by
the failure of the bond of coment the equation p=f£(1+ Mv) (4, +nd,) does nob
Lold true. Hence the ultimate load formula of the form of p==f(14 Mv) (4, +

nd,) is not correet and it doos not show the true ultimabo louding. Some obsecrve

ar =_j:_(_£_——1), and although tho formula p=£(1+ M) {d, +n4d,) is stated, it
v k3 ‘

does not well apply to tho uliimate loading so long as
nfi(1 + Mv) > 2,800 lc_r,r/i:_r'nz.

Pope=fo(14 Mo)(A,-nd,) is\ only the measure of the maximum safe load
which lies under the endurance limit. As has boon mentioned in Scetion 11, the
stress in concrete or in steol canuob o ealowlatod by the lnst formula sinco M
is not so great as alroady denoted; I=3.75 is the greatost‘ptlassiblo value for
working eonditions. ,

" The maximum value of M v should have a constant and equal quautity for

all conerotes, and only changes or varies with pereentago of rod. ‘Ha.vin'g depen-
dance on Af v and p, the load may boe raised from f,4.= ﬂ—?;—/i,ﬁz,l.'di}ﬁAk to 2.7

Sy and the latter is the maximum safe load to prevent the shearing off of the
ontside shell. If 4f=F,, then 2.7 £4,=0.67/,4, But 2.7 f, 4, doos not show
thot heoretical ultimato load sinee P=f(L 4 Mv)(d,+nd,) is not the truc form of
the formula for ultimate loading; 2.7 f,4, is only trus when 13:0.

The stress in the siecl rod should not be oxceeded Ly the yield point. If
the stress in the rod exceeds thoe yield point, ’

the equation P =f(d,+nd,) does not hold good.
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In the formula,
C P=f 0+ M)A +nd),

73"u(1+11fv) exceeds the yield point of steel rod and the bond of concrete is nob
pﬁrfect a,n.d nf=f, does not exist. Therefore the formula is irrational and incor-
rect for finding the ultimate load.

While the formula P=f£d,+ 4,1 + Mo)f,=nfod,+ AL+ Mo}, should bo
c;)rrect for the ultimate load since the coucrote carties the load = 4,(1 + Mv)f,
and- the rod carries the load=f, 4, in ultimate conditions. But the safo load=
nf,ds+ A1+ HMv)f, doos not the corrcet form, and since the bond is perfeet the safe

load formula should be in the form

Py =L+ M) A, + AL+ M),

and this condition lasts umtil nfy(1+ Mv)=2,800ky[cn® is reached. The greater
the strongth of eoncrete the better the quality of stecl rod recommended from
the last equation. The ultimate load formula being. P=nf 4, -+ 4,(i+ Mv)f,,

tha safe load formula seems to bo Py,=nf 4, + 4.(1 4+ Mv)f,. Bubt Mafvd, should
be added to the latter and this is not negligible, since for example,

fi=b0kglon?, n=15, v=002, 4,=0.024,

__ 7,400
200

and

=37, then Mnfod =114,

Therefore, Pop=nfd + A+ Mv)ﬂ

is only the measure for a safe leoad, any errox bein;T on the safe side.

From the above comnsiderations, the writer concludeq that, for a working load,
the formula P,.,=f(1+ Mv)(4,+nd,) should be used and this is the form of a
working load formula; however the ultimate load cannct Le obtained by the same
form of P=f(1+4 Mv)(4dy+nd,). _ -

Tor the ultimate load, the formula P=nf 4 + 4,(1+ Mv)f, should be used
and the working load formula of the same type Po=nfd + 4,0+ Mv)f, gives
only the safe measure for the caleulation of the wltimate load. If f,=200kyfem®,
Fo=80%kgfem’, M=37 and n=15, then stross in longitudinal rod=15x 50=750

kglem® . But sbress in longitudinal rod equivalent to spiral is not equal to 37 x 50= -
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1,850 kyfem®, and this is independent of the compressive stress itself. Care must

be taken that the last formula gives only a- rongh measure for the safe load.
The theoretical formula under working stresses should be as shown in Section IT.

From equation (44}, spirals depend on the rods and the greater the percent-
age of the rod the less the quantity of the spirals. Therefore both the spiral
and the rod should be considered in a discussion of the strength of a column. -
An increase of stremgth in the conerete core depends on the spirals which also
depend on the rod.

It is always necessary to have v and p under a cerbain 1imit since the

shearing off of the ountside shell should be avoided.

) o A a /5

s 2 8 & £ & % 3% & & s
S
3 : L
N NP v
8 2
58 < _
e N 7
h s \ A7 i
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~
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sl /1N
“ .
NS 1
Fig. 5
Now .' ‘ . ‘ P&!Iﬂ',:o"-Psa.fe +B-Psg3ia,
where 0P =f (L + M) 4,
Ban-,fe:nﬁ:(l + MA’J)AS
B8 _ mnd, _
o A, —@p
or 3315_29&',

Ce=1-8
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15p N %)

-

 1+15p

When p=1{15=0.066, then «=28.
Therefore if a p>>0.066 rod carries a greater load than the concrete and when
a p=0.068 ¢ curve intersects the A3 curve and the concrebe and rod carry the

load in the same proportion ;—
So=501gfen®, M=37,  then from equation (44)

v=0,009,
Po,=2.T1d =135 4,
Then rod and concrete carry a load
=67.5 4, respectively.
From equalion (44), when
8

—1=0,
31 +np)
then p= 55 =0.111

Therefore when p=0.111, the merit of the spirals disappears. For a spiralled
and rodded econcrets colummn, the safe load should lie within the certain limit,
as already mentioned, to prevent the disintegration of the outside shell; the rod
should always be used as s pitch holder in the spiralled column and the greater
the percentage of rod the less the quantity of the spiral. When p=0;111, this
means that

Pyp=fd;+nd,).

In gemeral, concrete column may be classed into two groups.

1. Concreba eolumns reinforced with rods.

2. Steel column reinforced with conerete.

In these two types of columms, the load to be supported is the sum of two
materials conerete and steel. In the first type the rod alone cannot carry an
appreciable load, but in the second type the rod can do so.

The boundary of these two types is often taken in practice to be 0.03 4,

ro 0,044,, but as far as the strength is concerned this boundayy is not necessary.
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The load to bo supported by the two types is ealeulated by a single formunla P=
fd,+nd;) in both cases. In the spiralled and rodded conerete column, rod should
be proportior'led to the quantity of v since the greater the quantity of the rod
the less the percentage of the spiral. The guantity of the rod and spiral should
be determined according to the quality of the concrale nsed and for the required
strength of the colunm. For the Dbetter concrete, a less qua.utity of spiral and a
greater quantity of rod should be wsed; on the other hand, for the wenker
concrete a greater quantity of spiral and a less of rod must be usad. Rich
concrete is very desirable for the greater strength of a columm. The failure of
a concrete core iz independent of the percentage of the rod, bub spiral percent-
ags, not only for the ultimate stremgtl, but also for the ultimato lateral strain,
iz of the first important one. The rod increases the ultimate load by an amount
equal to n,4, and also the stiffness of fhe spirvalled concrete core.

A plain eoncrete column doss nob show even warning cracks uutil the ultimate
stress is reached; all tends to prove that plain coucrete does not shear off or
even crack until the ultimate stress is reached.

It has been found that the outside shell concrete of the spiralled concrete
column begins to disintegrate at 0.6 £, and the colummn having spirals and rods
begins to disrupt the outside shell at 0754 due to the action of ewbodded
steel (Bulletin, No. 300. University of Wisconsin), There are therefore two
stages. In the initial stages, the column and the outside shell are integral,
but in the final stage, the shell shears off in part or in whole. If the
shell is destroyed, the core sﬁpporhs the load which was supported partly by
the shell. The core is now smpporting the load that previously Lad been sup-
ported pé.rtly by the shell. Therefore the ares and percentage ba.sed- upon the
core area should be used in compubing the ultimate strength since the ultimate

_ strength is independent of the shattered outside shell.

At the instant of the failure of the outside shell coﬁcrete, the load on the

core is

O, A, =06 /i =08/

In the spiralled and rodded concrete column, the load on ‘the core is
0.75 fi, A (1 +np) =0.75 fue A1+ np) =Fo (L + 1)
: €

In the spiralled and rodded columm, to prevent the disruption of the outside
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shell concrete aund also for the endurance limit, Prof. E. Mdrsch recommends
So(1+ Muv)=0.5/,

The TFrench regulation of 1,906 is £, (1 + Me)=0.0f,

The London Joint Committes’s recommendation on reinforced concreto is fi(1 4 Mo)

=0.66 £, |

These are the maximum limits, the writer's value being f£(1+ Mp)=0.67£, as

already mentionad, which coincides with that of the London Joint Committeo

recommeondation.

Section IV. Various formulae used,

M. Considére is the first contributor to oxr knowledge of the spiralled and
vodded eoncrete column. From experiments M. Considére concluded that the
strength of such a concvete colmmn is the sum of the following three fastors,

1. Strength of plain conerete.
2, Strength of rod.
3. Strength due to spiral.

M. Cousiddre gave the coeflicient 2.4 from the experimental result that if the
same volume or same weight of metal were used as the spiral it gives a strength
2.4 times gro wter than that which is given when a longitudinal rod is used. His
formule is : ]

P=f A+ nfd, + 2404/
=nf, A, + A1+ 560,

As the writer has shown, the gouneral equation of the increase of strength
dune to spiral baing equation {30), take £ .. =2,800 leyfert, = 45°20" and f,=210kg[em’,
then = 2,800 » 1 +sin 43°20/

=fu = 7:5600
F 2 L1—sin 45°20 ~ *

- T.560
P=nf, 4, A(l -5 v) fo
Tt A+ 5350 F

=nfuds+ A(1+36v)f, | |
Thus the same formula is obtained and it is only applicable to his concrefe.
Ths German regulation (1918) specifics that :
P=f(di+nd,+8nd!) = f A+ 154, + 4547
Prof. Foerster expl&iﬁs the equation (l*‘osrster;——(}mndz'ﬁge des Eisenbeton-

baues) from Morseh's experiment taking M =45 ag ths average. From Morsch’s
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equation

| P=f A + A1+ Io)fy=fody 4+ f Ay + ME A,
if Fo=190, kgfem? f,=15 x 190:=2,850 keg/om?,
and M=45 .. P=2850d,+1904,+45x 1904,

and factor of safety F=5.5 then
‘ Pop=80(A4,4-154,+ 454

Aga,]in if, ‘
Fu=180 tyfom?, mf,=F, =15 x 180 =2,700 ey em?
and F=5.0 ' ‘
then P,,= 180 Ayt 2700 A,+45 180 A/
] 5 b 5

=385(A,+154,+45.4])
But from the wrifer’s gemeral equation, take
Ju=1T5rg[om* and $=43°43,

M= Lo 1dsing 2,800  14sin43°487 . \
o  I1—sing  2x176  1—sin 43%48'

P=f(dy+154,+ 454,

’oheﬁ

is obtained and is omly applicable to that concrete.
The American Concrete Institute recommedation is
P=f(A;+nd +4nd))=Ff A+ 1544604,

from the experiment. In this cage, from equation (33), we have when
 fusldOkgfaw and  $=d45°LY,

_ 2,800 14sin45°15'
2x140 1 —sin 45°15/

=60

and this is only applicable to this concrete. ) .
The New York City building code, the Prussian (1007) and Austrian (1911)
regulations are,
P=f(dptndo+ 204 )= o (Ae 4+ 154, +30.4,)
But in this case taking f,=250 legfem®* and ¢$=43° we have

2,800 14 sin 43°

= . - =30
2x250 1—gin43®
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This is again only applicable to this conerete. Many other formulae of the con-
sidére type can be similarly treated; the coefficient M varies from 30~GO.

As already noted, the above form of the formulae is the ultimate load equa-
tion and although a moderate calcatation of the factor of safety is taken it does
not show {rue or theoretical working load. Such a working load is only an
approximate indication of the ultimate load. The above formulas do not show
the relations between the increase in the strengith of the concrete and its increase
in strength due to the spiral. "

. Another type of formula is that recommended or laid down by the Joint
Committee on reinforced comcrete (London) and the French regulation of 1906.

The second report of the Joint Committes in London on reinforced concrete
specifies that the increase in strength of the concrete due to the spiral ab the
instant of failure is equal to f, I, 8, v.

F,=form factor or form cooffcient.
Sy=spacing ratio; the ratio of the pitch of the laterals to the diameter

of the core.

F=ft LTS w=Fi1+ FSw) — £+ M)

Trom this, P=fy(l+ Mo)(ds+nd) is doduced and also Pys=Lo (14 M) (At

nd;) is obtained. The factor M=F,S, has been found by ixperiment since
Hi—(_i——l); M=32 is given as ths maximum in the French regulation.
and also i:; the London recommendation. Therefore, if v=0.02 and H=352, then
Fian=1.64f,=041f,.

As the writer has already noted, a formula of this type is only applicable

in the cass of n (14 Mv)= yield point of steel. In order to find the working.

M=

load this form of formula isco rreet, but not for the uliimate loading. Since 1. 64
nf, is greater than the yield point of steel, it is not the measuve of the ultimate
strength, The factor M=:32 is only applicable to a concrete of greater strength.
and cannot be used {or concrete of lower strengths.

.'The spiral raises the ultimate strength of conerete and increages the seeurity
against sudden failmre, by preventing the lateral expansion of the ecore. Although
the spiral raises the strength of concrete, it depends to some extent on the rod.
The rod increases the stiffness or rigidity of concrete and the increase in strength

of conerete is modified by the employment of the rod; the grea.tér the quantity
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of rods the less the longitudinal shortening of the concrete for the given loading.
Therefore the spiral is affected by the rod when supporting the load.
As has been mentioned by equation (44), the quantity v is the function of
M and p. -
When p=:0, then the spiral alone being used, the maximum (1 4+ Mf, is

2.67 f, and 'this is the endurance limit of loading.

Section V., Conclusion,

As shown, many formulae are applied in the calculation of the strength of
spiralled and rodded concrete coluroms. All of them are found from experimental
results and are empirical. They have no real rational basis being only applicable
to a concrete column under the same conditions as those of the test specimens.
These formulac give different results with the samo data. They do not show
the exact rules between the increase of the strength of conecrete and increase of
strength due to the spiral. Or they do not give exact rules for determining the
increase of strength due to the spiral and ved. It is difficult to justify the
designs thus made by known principles of mechanies.

The writer gives, in this paper, the rules relating to the working stross and
the ultimate strength separately. Since the conditions of the conerete core in
working and in ultimate loading differ, the formula should vary and the varia-
tions may be divided into two clasess as shown in Seetion 1T and in Section TIL
All deformations in the limit of working stresses should be caleuated Dby the
formulae shown in Section. II. Jor the ultimate loading, the formulae (27),
(30), (33) and (34) in Section III are important for the solution of the problems,

The relations between the inerease in the strength of concrete and its in-
crease in strength due to the spiml are clearly shown by these formulae.

The writer belives that the formulae, discussions and metheds of ealeulation
in this paper are logical and rational including new facts. 'The ‘writer hopes
that the unsommdness of the present day formulae would have been clearly solved
Ly the freatment applied by the writer, ‘

In this paper the bending of a columm is not considered and therefore the

discussion is only applicable to axial loading on the short column.

—(THE END)—



