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columns consisted of bumps of dimension
Abstract 200x200x150mm. These bumps were used to apply the

Thi h K is based . talvst load (Figure 1), to avoid the localized ruptures by
IS research work 1S based on an experimentalys ué)unching at the ends and to ensure a good distibof
resulting from tests carried out on six squareigect

lend inf d ¢ I Th I this load in the interior of the column. They wereer-
slender reinforced concrete columns. The columnEWe i <. o4 withoe diameter stirrups.

confined by single-layer wraps of carbon fiber
composites. They were tested under eccentric

compression loading, to study the effects of canfient Y\/}
by the carbon fiber composite on resistance loading

rigidity, ductility and slender column behaviorgeneral.

1. Introduction A8 g5

More the column is slender more it is sensitivethe
phenomenon of buckling instability (1). One of the
principal design actions to limit this phenomenaonsgists

of using composite materials based on carbon fienic

(2). In this paper, we propose to investigate the
contribution of confinement to solving the problesh
instability in high slender columns subjected tlmading
which generates buckling.
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2. Experimental program
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d Figure 1 Geometrical characteristics of the columns

2.1. Design of the columns

The geometrical dimensions of the teste
columns were chosen to be similar to existing colsm ,
There exist constructions with ground floors of waro 2.2 Materials
4.00m in height, and column sections of about To respect the reduction of the scale t01/2.5, we
200x200mm. In this case, the geometrical slenderneganufactured the columns with a micro-concrete,
approached ~70. These constructions are in a state ofomposed for 1fof concrete of: 342 kg cement of type
permanent risk of stability loss through bucklingCEMI /52.5 N CE CP2 NF, 1086 kg (0/4) sea-sand, 743
particularly in zones experiencing seismic activilie kg quarry crushed gravel with a maximum diameter <
height of the tested columns was fixed at 1600mm,td  4mm and 206 | water, thus giving a ratio E/C = 0.5
the height limitation of our testing machine; tteale of average resistance was,s£29.2 MPa (measured on
work is thus reduced to 1/2.5. The cross sectidnth@® 11x22 control cylindrical concrete specimens). The
columns had sides of 55, 85 and 100mm, rafiés) of  longitudinal reinforcement steels used were of tigh-
29.09, 18.82 and 16.00, corresponding to slendstnesadherence type, of average measured resistancMBa0
(calculated with respect to the main axes X andf Yhe The transverse stirrups were 1.2 mm diameter mante f
cross section) respectively of 100, 65 et 55 mne (serdinary wire. The confinement was made of CFRP.
Figure 1). Six columns were used to study the efééc SIKA France provided the one-way carbon fiber fabri
confinement, 3 unconfined control columns and 3ilaim “SikaWrap 230C”, and the epoxy adhesive “SIKADUR
to the controls, confined using one layer of CFRB30”. The compression tests were carried out on a
composite. The steel reinforcement of the colum@as wtraction-compression hydraulic machine of a maximum
composed of 4 longitudinal bars, transversally tled capacity of 250kN controlled in force and displaesin
stirrups, of 100 mm equal spacing, distributed otver Control was made in displacement at a loading cdte
entire length (Figure Exror! Reference source not  0.05mm/s. LVDT posed in the direction of the inflax
found., and the coating was of 5mm. The ratio ofvere used to measure the transverse displacemehe of
longitudinal steel reinforcements on the columnss wacolumns.
selected in the intervdp = 1% — 2%]. The ends of the
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compressed steel bar. In the presence of confingren
carbon envelope is subjected to a local punctutéchw
induces its rupture and consequently the bucklihthe
compressed bar. The role of CFRP reinforcementtwas
contain the compressed concrete which is alreagelia
destroyed. The rupture of the envelope causes the
expulsion of the concrete, which leads to an inktalof
the compressed steel bar. The post-peak brancheof t
Figure 2 Load reception plate & application of tbad to  confined columns differs from that of unconfined
the top of the column columns. It is characterized by a slower load loss,
; especially when the slendern@ss 100. From its anti-
swelling function, provided by its rigidity, the fe€t of
confinement created by the CFRP envelope prevéets t
expansion of the concrete. This situation resufts i
increased strength and an ultimate strain extebégdnd
the limits observed for the case of the unconficeldimn
shown in Table 1. The load value, the longitudiaad
transversal displacement are measured experimentall
The ultimate moment is calculated My, = N (e, + A).
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Figure 3 : Column during test. S 1CFRP layer = 1 CFRP layer
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3. Buckling Tests, results and discussion
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3.1. Bearing capacity under load A (mm) 3 (mm) A (mm) d(mm)

The experimental load-displacement responses of thédure 4N-4 responses of Figure SN-A responses of

columns tested are shown in Figures 4, 5 and 6serhef0lUMNS 55x5%A = 100)  columns 85x8%) = 65)

responses are composed with curves of two princip
separate branches and whose frontier is the peadk Ic

point. This point corresponds to the load which semsu g %0

plastification in tensile steels. Indeed, we obsdrthat o 60

the inflection points of the curves almost corregpado Lo“ 1 CFRP layer
the same deformation of longitudinal steels, whilon 30

average 2.6 %o. This value almost coincides withyllaél .

stress of the steels used. The pre-peak brana:hripcosgd _2'5 d b 2‘5 '50 ‘75
of two sub-branches. The first represents perfeztgtic Amm)  &mm)

behavior; steels and the concrete become deform#ti )

elastic range. The second is characterized bynitiation ~ Figure 6N-4 responses of

and increase of the crack depth and its propagafiomg ~ columns 100x10Qx =

the column with the increase in the load. Contirsuou 55)

cracking of concrete under tension causes a relabss Table 1: Experimental results (3)

of rigidity that makes the response of the colurendme RS R Mo Y
nonlinear. The point corresponding to the plasitiin of | , (KN) (nfm)(n’,’mzl kN |mmylmmfkn mm)jn.mm
steel under tension marks the end of this branahduld 1 13.C133.2] 5.6 113.2139.6| 8.5 | 882 | 91¢
be noted that the pre-peak response has the sape ah 15,9/29.5/5,2[10,0[68,111,2] 946 | 985

[l Fdel | ol (o) =]

the column, whether confined or not. The post-peaKegs 62.2]16.6] 3.2 |36.6127.6] 4. | 291¢ | 210¢
branch of the unconfined column is characterizeth wi 70,5/18,3/ 3,8 67,7/23,9/ 4,3] 3406 | 3652
respect to the pre-peak branch by a rapid load.drbp 55 104.414.2] 3.2 188.c]19.2] 3.6 | 4647 | 438¢
load decreases with increasing displacement (lodiial 111,811,9/ 4,0]110,319,3/ 4,4] 4687 | 5438

and transverse). The deformation of the concretdeun
compression consequently increase until it readtes
ultimate limit. The concrete undergoes rupturedieg at
the beginning to a local buckling of the compresseeel The direct evaluation of rigidity Elis difficult,
bar, followed by a tensile failure of steel barsien. considering the nonlinear behavior of the reinfdrce
Without confinement, breaking the concrete undegoncrete columnsgEl varies according to the load. In the
compression is the cause of a local buckling of theresent work, this rigidity was experimentadlyduced. It
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3.2. Moment-curvature and rigidity relations
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is represented by the slope of the moment-curvature of the unconfined columns and that of the confined

response (M- 1/r) obtained experimentally using the — column. This difference decreases with increasoaglj in

GomAramis camera. The moment-curvature response€0ne 3 in post-peak, the difference becomes irfsgnit.
e distance separating the curves representsdilétyr

ntribution of the confinement; the increase pa$sEm
Figure 9. The typical shape of responfis 1/r) shows 100% to 47% between the beginning and the end eof th
a behavior with three branches. The first, lineadt ery branch of zone 2, the location of cracking undesien.
short, corresponds to the elastic behavior of ri@ter Here we demonstrate that confinement slows comgadess
with a high slope of rigidityEl,, but remains not easily concrete expansion, and increases its resistance an
identifiable, particularly for the unconfined colomThe consequently that of the column. The confinementlena
second branch is quasi linear, of sldplg and of less increase the curvature in ultimate statgr, of the
intensity that the previous one; the column hasesefl a slendernes& = 100 column from 44%, while, the effect
loss of rigidity, a direct consequence of the ceter is unimportant on the two other slenderness.

cracking in the tension zone. The unconfined colsmn

possess a relatively short third part, of negasiepeEl; 4. Conclusions

caused by constant cracking, and increasing for t%e show that the confinement of a column under

concrete under tension after yielding of the stemkion. ; o .
L ' eccentric compression is really effective only whhna
Results are similar for the confined columns, whos

Slend is high (heke= 100). The confinement had
responses (M-1/r) showed a behavior with three Senderness is high (he ). The confinement ha

) only limited effectiveness for slendernéss 55 and\ =
branches; nevertheless, the presence of confinerbgnt 65. This can be explained by the following fact: I all
its anti-swelling role on the compressed concre#s on - eyneriments, we used a constant confinemeet rat
the contrary resistance to column damage. The dibpe represented by one layer of CFRP, while the volahe
remains positive, creating pseudo-ductility behavihe  ,ncrete treated decreased with iﬁcreasing sleaggrn
behavior of the unconfined column can be approxahat indeed, compared to the column of slendernesdl00, it
by a Bi-linear law with a short ductile behaviohnat of ' '

h fined col Iso b . d By is respectively 2.4 and 3.3 times higher for slendss 65
the confined columns can also be approximated Bf a and 55. We know that the confined concrete streigth

(M%) obtained are presented in Figure 7, Figure 8 arigj1

l'lgg?ffw' inversely proportional to the transverse dimeng#®n(5)
€ 4500 1 (6) and therefore to the confined volume, thuseffect
1000’5 £ of confinement is reduced by increasing the slemeks.
800 1= 2 (b) The critical section of the columns is subj¢at
600 = 3000 = compound bending, and the. high values for the
0 CFRP layer slenderness of the columns studied are the sotileege
400 4 0 CFRP layer 1500 eccentricities that are added to the initial ecveity (7)
200 | of the load. Therefore, the area of compressedretss

Curvature (mm-1) reduced, reducing the confinement action arearagnto

0 0.00010.0002 0.0003 0 the confined golumns Wh_lch are _ent|re_ly compressed,
0.00000 0.00010 0.00020  where the confinement action zone is at its maximign
Figure 7M-1/r responses  Figure 8M-1/r responses It is therefore necessary to confine all slendéurons.

Curvature (mm-1)

for A =100 for L = 65
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Figure 10 shows the rigidit§! of the columns
with slenderness. = 100 as a function of the axial
loadN; its non-uniformity and the loss of rigidity when
the loadN intensity increases is clearly noticed.
Confinement considerably slowed down the damage
the reinforced concrete, in pre-peak this slowingsw
reflected in a stiffness contribution visible ingkie 10,
where it is easy to see the difference betweenmigfidity
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