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Title no. 98-8

Confinement Effects on High-Strength Concrete

by Hong Mei, Panos D. Kiousis, Mohammad R. Ehsani, and Hamid Saadatmanesh

An experimental investigation was conducted on the stress-strain
characteristics of steel sleeve confined high-strength concrete
(HSC). The axial load and strains of voncrete, and the axial and
hoop sirairis of the confining sieel sleeves were measured. From
these measurements, accurate stress-gevain relations of the con-
crete core: were prodiced, along with confiriement calculations
based on von-Mises elastoplastic response of the steel sleeves,
Confinements ranging from:5 ta 19 MPgu were calculated. This con-
finement had a profound effect on the sirength:of concrele, as much
as tripling its unconfined strengih of 70 MPa. The increase in duc-
tility was found to-develop siower for low amounts of confining
steel due 1o a logging development of confining pressure. This was
attributed io the reduced tendencies of HSC to exhibit lateral
expansion and the early yielding of the sleeve hoop stresses due fo
the biaxial nature of stresses within the sleeves.

Keywords: confinement; ductility; high-strength concrete.

INTRODUCTION

Concrete: structures in- areas of significant earthquake
overloads require increased strength and ductility, and accu-
rate methods to sstimate them: Improvements in the strength
and ductility of concrete structures are commonly obtained
by increased lateral confinement with the use of transverse
reinforcement. Spirals and ties in the shape of circles,
squares,. diamonds, - octagons; overlapping squares,. and
others are being used for this purpose. In addition, numerous
computational approaches have been presented in the litera-
ture to estimate the effects of confinement on the strength
and ductility of concrete. Some basic concepts related 1o
strength -and. ductility have been: introduced in. the ACI
Code,"? especially with respect to the ductility of compres-
sion members. These concepis are empirical or semi-empir-
ical in naturg, and have been based onJarge numbers of tests
on low or medium strength concrete, while high-strength
concrete (HSC) has been mostly overlooked.

The applications of HSC are coustantly increasing due to
the rising demands for stronger and more inexpensive sttuc-
tural materials. Recent résearch has shown that HSC behav-
ior deviates from that of normal-strength concrete: (NSC).
Thus, classical approaches 1o design may not be as effective
or as-safe when-they are applied to HSC.

Related studies by Ahmad and Shah™* indicate that:

1. An increase in compressive strength decreases the con-
fining effectiveness of spiral reinforcement;

2. There is a significant difference in the compressive
stress-strain curves of NSC and HSC. The stress-strain be-
bavior of HSC' is linear 1o & higher fraction and postpeak
stress logs is-more abrupt;

3. The ACE equation for estimating the secant modulus of
elasticity £, = 33w!® [ predicts values as much as 20%
too high for concrefe with a compressive sirength in the
vicinity of 12,000 psi (~80 MPa);

548

4. The spiit cylinder strength for low-strength concrete

(LSC) and HSC can be conservatively represented by theex- |

pression f7, =6 Jf. in psi units;

5. The ACI Code' current expression for the modulus of
rupture f,. = 7.5 JE may be too conservative for HSC. The
alternative expression f = 2( JE Y#* appears to be more rep-
resentative of the test data;

6. In the inelastic range, HSC exhibits less volume dilata-

tion, which explains. the observed reduced confining effec-

tiveness of spiral reinforcement;

7. The effects of high strain rate on the strength appear to .

be less in HSC;

8. At the material level, HSC is less ductile than NSC. At
the section level for reinforced concrete elements, however,
the effects of the reduced ductility are less clear; and

9. It roay be possible to obtain an essentially flat descend-
ing region of the stress-strain curve, provided that spirals
with sufficiently high yield strength and low pitch are used.

Research reported by Yong, Nout, and Nawy® Mander,
Priestley, and Park® and other researchers shows trends sim-
ilar to the trends previously reported.

The reduced effectiveness of the transverse reinforcement
caused by the lack of extensive microcracking, and the over-
all brittleness of HSC, indicated by the steep prefailure as-
cent followed by the very rapid postfailure descent of the
stress-strain refation, are probably the most important fea-
tures that affect the way one should design using HSC.
Martinez, Nilson, and Slate’ found that the common ap-
proach of estimating lateral confinement, by. assuming
that the transverse reinforcement has yisided, results in un-
conservative estimation of the load capacity and ductility,
especially when high-strength steel:(> Grade 60) is used.
Nevwertheless, recent research in .i'apains’9 indicates that HSC
can be confined effectively even though such confinement is
probably obtained without necessarity achieving yieiding of
the transverse reinforcement.

The intent of this study is to investigate the development
of confinement in laterally reinfurced HSC, and to develop a
simple model to predict the effect of such confinement.
Transverse reinforcement in the form of steel sleeves of dif-

ferent wall thicknesses has been chosen to facilitate the de-

velopment of uniform lateral stresses. This process can also

serve as a small scale testing of HSC columns that are reha-

bilitated by steel wrapping to improve earthquake resistance.

RESEARCH SIGNIFICANCE
Literature on experimental studies on HSC, especially in

the material level, is relatively soarce. The existing design ~
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