CONFINEMENT EFFECTS OF WEB REINFORCEMENTS ON
REINFORCED CONCRETE COLUMNS

by
Takayuki SHIMAZU! and Masafumi HIRAI I

SYNOPSIS

The axial stress-strain relationships were first established, taking into consideration the
confinement effects of such variables on web reinforcements as amount ratio, diameter, spacing
and shape enclosed, (circular or square) based on a number of small specimens test results for
concentric axial loading done in Japan. Secondly, the outline of tests done on reinforced con-
crete square columns with several web reinforcement amounts, subjected to eccentric axial load-
ing were presented with the moment-curvature relationships of the test results being examined
by using the axial stress-strain relationships established above and with the strain distribution of
a hoop bar provided.

INTRODUCTION

The importance of hoops in improving the eathquake resistance capabilities of columns has
been very evident both from the damages of columns of buildings due to many great earthquakes
and from the results of a number of tests on columns, subjected to lateral loads. The quantative
understanding has, however, not yet been obtained on the confinement effects of hoops on rein-
forced concrete columns. In this paper are presented the results of two parts of the investiga-
tion taken as a first step to get this understanding.

AXIAL STRESS STRAIN RELATIONSHIPS

The results of the tests as shown in Bibliography were examined. In Table 1 is shown the
ranges of variables in each test. In this paper web reinforcement ratio (hoop ratio) is defined as
the ratio of a hoop volume to concrete volumes enclosed by a hoop, that is,

Py, = 79, /(D -S) = n(py, /D) - D /S) )

where ¢, = hoop bar diameter, D = distance between both sides of a hoop and S = interval of
hoops. This Py, can be transformed into as shown above. In Fig. 1 is plotted the ratios of
maximum stress of specimens to that of specimens without hoops, with the abscissa being Py,
In Fig. 2 is also plotted the ratios of strain at maximum stress of specimens. It is found from
these figures that the strain at maximum stress increase more remarkably with web reinforcement
ratios regardless of circular, or square sections than the maximum stress.
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Many researches have so far been made on the effects of lateral pressure on concrete
strength and the following expression has been presented by Richart et. al.

«

6o = coB + 4.1 fs. 3

where 0o = maximum stress coB = maximum stress of unconfined concrete, fs= lateral pres-
sure. This can be transformed into, as below for the case of hoop confinements as shown
in Fig. 5, if the confinement effects are assumed uniformly distributed both along circum-
ference of section and along length.

oo [ coB=1 + 2.05 P, - soy [ coB )

where soy = yield strength of hoop bar. Uniform distribution will be, however, valid if the
section is circular and hoops are very densely arranged, that is, hoop bar diameter is very
small in the range of ordinary ratio of web reinforcement. The confinement effects are, in
general, assumed smaller than that calculated based on the equation (3).

In Fig. 4 are plotted the values K; of (o, / coB— 1)/ {2.05 Py, - soy / caB) calculated for
each specimen with the abscissa being (¢, / D) 2 which is in inverse proportion to D/ S as
shown in the equation (1). There is a scatter but the following equations can be obtained
on the average.

K _ | 1—100 (¢, /D)2 for circular section @
.
0.5 — 50 (¢, / D) 2 for square section

In Fig. 5 are similarly plotted the values K, of (e, / ceB — 1)/ (2.05 Py, -soy [/ coB) calcu-
lated for each specimen where €, (ceB) = strain at maximum stress (of unconfined concrete).
There is a larger scatter but the following equations can be obtained to some extent conserva-
tively.

K ={2—200(¢WID)2 for circular section } )
2 1 — 100 (¢, / D) 2 for square section

These equations results in the following relation for both sections.

2(go /coB—1)=¢p [ ceB—1 6)
That strength effects of square section is one half of that of circular section as seen above, can
be explained by the assumption that concrete consists of many particles as shown in Fig 6.
For square section, confinement effects can be expected only to four corners of section that

means, vertically two dimensional effects while the effects are vertically three dimensional for
circular section as shown in Fig. 6.
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TEST OF ECCENTRIC LOADING

Eccentric loading test of square section columns has been conducted in order to examine
axial stress-strain relationship mentioned in the preceding section, for the members subjected to
eccentric loading and also to get strain distribution in a frame of hoop bar under eccentric load-
ing. The details and properties of specimens are shown in Fig. 7 and Table 1 respectively.
Double spiral hoops were mainly used as web reinforcement in connections to other kinds of
tests. The material strength of longitudianl bar, hoop and concrete were about 4.6 t/cm? (soy),
4.5 t/cm? (soB) and 0.30 t/cm?® (coB) respectively. Compression loading with eccentricity of
one-sixth were applied with several times unloading-reloading, up to ultimate (Fig. 9). Deflection
and strains were measured. (Fig. 7). From these tests the following were summarized: 1) Load-
deflection curve (envelope) can be approximately estimated by using the axial stress strain rela-
tionship mentioned in the preceding section and assuming polynominal expression between zero
point and the point of maximum stress (Fig. 8 and 13). 2) It is found that a truss consisting of
both hoop bar frame and the assumed compression members drawn between the centroid of com-
pression force and four corners of the frame, is, particularly in the range of large deflection,
formed, not only for concentric but also eccentric loading, by comparing the axial strains at
four sides in hoop frame (Fig. 10—-11)

CONCLUSIONS

The main conclusions of these studies are as follows: 1) Broadly general expressions were
proposed on axial stress-strain relationship taking into considerations confinement effects of hoops.
It is however necessary to investigate various effects, due to welding of hoop anchor or longitudi-
nal bars or size of members, in order to establish more precise expressions. 2) Further researches
are much needed to clarify the confinement effects of hoops in the behaviour of members sub-
jected to combined loads such as axial loading of various eccentricities or bending under constant
axial load or both- bending and shear under axial load.
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Table 1 Ranges of Variables in Each Test
pecimen . o Hoop(Py)|  Ru(%) | sH(HAL5(%R  Remazic
I /5en.C x30cm gg l’;éfvggf 3230 | 204
0.96~9. 2 280
BInS<em| 54 | g5 y2s| 2800 | 386
1&em C x30cm 0.225~0.9 280 |With longi.
0
L o 182 | 0% | 25p |bars(a-eh)
the same as| 3%, 6% 2090 | /&0 |With longl.|-
X | awove 36,66 | “0 | 2880 | 20 |PEEGH
/0cm C x20cm /.33~5.3/ 407 | ye1d Anch.
¥ \3em 5 x30em 64 0.92~415| 5% iﬁj "[#ox Hoops
0.64~415 269 | Weld anch.
V |/3enS x30cn| 64 0.59~276| # 286 /| weld anca,
Q.64 ~4 15 264 /] with 4-9¢

1% C = Circular Secti
zZ

on S= Square Secti

Cover 15 all very thin

on

Table 2 Kinds of Specimens and Test Results

spec Leng. < *b;: | First crack Haxilu:- Def . Toml
|8 03] P52 Je0i0] ¥34 | 0)], 26, | Ruaktf g Pr (0] B
D-1]700{1.71 | 9¢ [%77° "4 180 | 3.3 | 315[100 |293 [0.93
D-2] » 71| « | » | = |35 |6.0/330]|140[278[0.84
D-3| » [087(6¢ | + [7=2{300]2.0340{10.0 | 140 {041
D-4| » [339]13¢ | + | + [330]1.8 | 370|543{360]0.97
D-5[1400[1.71({ 9% | + | + |240{13.4] 390|375 |(240){ 0.62
c-1/700 » ] 90°] ™ [315/4.8]370]/9.5] 210 Jo.57
C-211400 4 + s 12401129 | 375} 86.0](226){0.60

R: a hoop volume divided by concrete
enclosed by a hoop
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DISCUSSION

R.Y. Soni (India)

1. Many authors do not consider increase of strength of conc-
rete due to confinement in columngs, whereas in pure campress-
ion, there is an increase in strength. In fact the codes allow
for increase of strength in confined columns for vertical loads
What is your observation on this point?

2. The ultimate strain in concrete in columns subjected to
bending and axial force is a function of not only volume of
web reinforcement but also dependent on the gize of aggregates
the depth of neutral axis, the aspect ratio of ¢column dimen-
sions and the spacing of longitudinal reinforcement. How
these factors likely to be accounted for ?

Author's Clesure

With regard to the duestion of Mr. Soni, we wish to state
that it seems to the authors that the reason why many other
authors consider only the effects on ductility due to confine-
ment is that the effect .on strength is smaller than that of
ductility and is greatly influenced by reinforcing methods,
such .as the welding of web reinforcements. However the auth~
ors recommend that the strength increase due to confinement
should be thoroughly evaluated because it directly influence
the strength and ductility of the columns subjected to both
axial force and bending.

‘2.  The authors agree that the ultimate strain is influenced
by not only volume of web reinforcement but also many other’
factors which essentially have relations with both: material
and geometrical properties of columns. However we conclude
that the most important factor in improying the strain capa-
city is the volume and, in next; the spacing of web reinfor-
.cements although the effects of these other factors should
be made clear guantatively.

3126



