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Abstract

Steel-straps tensioning technique (SSTT) has besempto be an effective mean to confined Highrsfite concrete (HSC). The pre-
tensioned force offers by this confining method sigmificantly restraint the small lateral dilatioof HSC. However, most of the
design guidelines only concerned with FRP-confineldimns subjected to concentric compression. Thextdapplication of these
design guidelines on the SSTT-confined HSC colenoeing questioned due to different material andfioing method adopted.
Hence, a numerical study was carried out in thewdé developing a simple design equation for HSIGroa confined with SSTT. The
parameters such as SSTT-confinement ratio, loadntgcities and slenderness ratio were tested. Bame the numerical results,
design equations based on regression analysis peneosed to determine the ultimate load and bendnognent of SSTT-confined

HSC columns.

Index Terms.Confinement, Steel Straps, Eccentric loads, andrEtieal Model.
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1LINTRODUCTION

Lateral confinement of concrete columns has beemner to
be very effective in increasing both ultimate stytbnand
ductility [1]. However, conventional confinement theds are
less effective in confining high-strength concr@gd&C) due to
smaller lateral dilation compared to normal-stréngbncrete
(NSC) [2, 3, 4, 5]. Under-utilization of the config materials
used in confining HSC was reported due to the sudaiure
of HSC before it was fully dilated under compressidhis
has led to the uneconomical use of such confiniethod for
HSC structure [6].

For HSC column confined with steel-straps tensignin
technique (SSTT), the low-cost steel-straps whichdrmally
seen in the packaging industry were used (Figur&Hg steel-
straps were pre-tensioned around the column bygusie
pneumatic tensioner prior to the loading. Differémm the
conventional confining method where confining effds
initiated by the dilation of concrete itself, theegiensioned
force provides by SSTT can ensure the structurepseectly
confined even before dilation. Figure 2 shows theumatic
tensioner used in pre-tensioning the steel-straps.

SSTT in HSC columns has several functions. Theytare
confine the concrete core and to restrain the tadgial
reinforcement from buckling. All of these functions
contributed to the improvement of flexural strengghd
ductility of the columns. It should be noted thia¢ tflexural
strength and moment capacity for SSTT-confined tshi&C

column under eccentric loads will increase withitihereasing
confinement volumetric ratio. However, no desiguapn is
available to determine the actual flexural capaaitysuch a
column.

In this paper, the development of a simple des@raton for
such a column is presented. A parametric studyosaducted
to investigate all parameters affecting the ulteneépacity of
SSTT-confined HSC Columns. The proposed desigateaqu
to calculate the flexural strength and moment ciypas
expected to be a very useful design aid for strattngineers
in the design of SSTT-confined HSC columns.
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Figure 1HSC column confined with SSTT

Volume: 02 Issue: 08 | Aug-2013, Available @ http://www.ijret.org 331



IJRET: International Journal of Research in Engineering and Technologyel SSN: 2319-1163 | pl SSN: 2321-7308

Figure 2Pneumatic Tensioner

2. THEORETICAL MODEL

The stress-strain model proposed by Awang[6] folTBS
confined HSC is chosen in this study. The pararseter
considered in this stress-strain model are SSTThoament

ratio, pg, and unconfined concrete strengfh,, respectively.
The proposed stress-strain model is as below:

free _ S\ =%
oo 202 (s fco) and - ps = (1)

where
' o = unconfined concrete strength.
ps = SSTT-confining volumetric ratio.

The peak strain’ . is calculated as below:

22 = 11,60 (s 2)

Elco

where
&' o= concrete axial strain for unconfined concretersgthf’ .,

The capacity of SSTT-confined HSC sections can be
calculated if the stress-strain model for such acoete is
known. However, strain gradient exists for colunujscted

to eccentricity loading and it is general practe@assume that
this effect is negligible. The axial load®? and bending
moment,Mx is found based on the equations below:

R
P= fﬂc=R—xn O-cbdlc + Zln=1(0-si - Uc) Asi(3)

R
Mx = f/lc=R—xn ocbAcdAc + Xizi(0si — 0c) Asi(R — dg;)
4

WhereR is radiusbis the length of the segmented layer from
the location of 4., gy; is the steel stress within that particular
layer, and4y;is the cross-sectional area of the steel.

The reference column used in this study is circudth
diameterD = 150 mm. The concrete characteristic cube
strength is 60 MPa. 4 steel bars are distributexdirad the
column evenly. The characteristic yield strengthhef steel is
460 MPa with elastic modulls= 200 GPa.

This analysis equally divided the column sectido B0 layers
with each thickness of 3 mm. In order to ensureigmy, the
calculation is stopped when difference betweenréseltant
load and assumed load exceeded® M) This theoretical
model assumed the columns should have deflectbdlirsine
shape. Checking on the force equilibrium is onlgded at the
mid-height of the column where failure normally éakplace.
However, the model is limited to the modeling ofluron
subjected to equal eccentricities. The present odetbf
analysis has been used in several past studies ttznd
reliability of this method has been proven [7, 8 9
Nevertheless some of the existing design codesasedbon
this method of analysis [10, 11].

It is assumed that the deflected shape of colunars e
closely approximated using a half-sine shape. ledsily
expressed mathematically as[7, 8, 9]:

5= 64 sin(%x)(S)

wheres,q is the lateral displacement at the critical sectdod
x is the distance from the origin. By differenti&quation 5
twice, the equation for curvature is obtained dewe

D= 6mid1;—22 sin G x)(6)

Whenx is occurred at the mid-height of the column, hence

lZ

Smid™ — Dmid (7)

The moment of acting on the critical section thas de
found. However, this moment and stress at thecafisection
have to be in equilibrium state. Hence, strain eafor
outmost compression segment has to be assumeddt& tie
axial load and moment for each value @f;;. The correct
Smids found when the axial force divided by momenédgial
to the &,4for a particula®iq. The complete load-deflection
curve can then be drawn for incremental valu@,qf

Volume: 02 Issue: 08 | Aug-2013, Available @ http://www.ijret.org

332



IJRET: International Journal of Research in Engineering and Technologyel SSN: 2319-1163 | pl SSN: 2321-7308

Figure 3 Typical train and stresses diagram over the arcul
confined column
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Figure 4 Schematic of theoretical model

3.MOMENT-CURVATURE AND LOAD-MOMENT
INTERACTION CURVES FOR SSTT-CONFINED
HSC COLUMNS

A series of theoretical moment-curvature curvegeserated
based on the stress-strain model discussed on rtheops
section. Assumptions were made in generating thenent-
curvature curves:

0] Linear strain is assumed across the column
section.

(i) Tensile strength of concrete is assumed
negligible.

(i) The ultimate unconfined concrete strain is 0.004
(iv) The initial tangent modulus of concreté&,, is

equivalent to 42%.

Figure 5 shows a series of moment-curvature curfees
different axial load. It should be noted that tixéahbload level
is defined byP/Af . .whereP is the axial loadA is the cross-
sectional area of the column afigl is the confined concrete
strength. In Figure 5, it is clearly seen that thetility of
moment-curvature curves reduced gradually as thed bpad
increases. In low axial load level, the curves mgded to the
elasto-plastic shape. For higher axial load lethed, maximum
moment degrades rapidly.

40 - P/Af'cc
35 - - h==0.1
—— (.2
30 -
—_ =—0—0.3
PR —
2 0.6
=
20 -
; ___‘_____*____*+0.9
€ 15
£
o 10
2 5 ps =0.25
d/D=0.13
0 T T T T 1
0 0.0001 0.0002 0.0003 0.0004 0.0005
curvature: rad/m

Figure 5SMoment-curvature curves for SSTT-confinement
ratio, ps= 0.25 based on Awang’'s model

Figure 6 shows the corresponding load-moment iotiera
curve. It is obvious from Figure 6 that moment @ases from
zero to approximately 3.5 x 10l. mm. After this level, the
moment decreases as the axial load increases. @kignom
moment occurred when the axial load is approxiryatet 16
N, which represented the balanced axial load level.
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Figure 6Load — moment interaction curve
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4. PROPOSED DESIGN EQUATIONS

4.1 Equivalent StressBlock

In the design of reinforced concrete (RC) membties,stress
profile of concrete in compression is generally @ified
using an equivalent stress block, over which thesses are
uniformly distributed. This equivalent stress bloc&n be
described by two factors, the magnitude of stresseb the
depth of the stress block. One criterion in definthese two
factors is that the resulting equivalent stressiblbased on
these two factors must resist the same axial fanckbending
moment as the original stress profile. Due to tkistence of
SSTT confinement, the use of the conventional edent
stress blocks as proposed by the current desigielijugs are
no longer suitable. Hence, it is necessary to agvedn
appropriate stress block factors for SSTT-confirle8C.
Similar to the conventional equivalent stress bloak
proposed by the current design guidelines, thipapopted
the mean stress facter,as the ratio of the uniform stress over
the stress block to the compressive strength offS®hfined
HSC and the block depth factg, as the ratio of the depth of
the stress block to that of the neutral axis.

The stress distributions over the compression zane
examined for different neutral axis positions imer to find
the appropriate equivalent stress block factore maximum
SSTT-confinement ratips= 0.5 is adopted based on the
recommendation in the previous section. The sthdesk
parameters are determined simultaneously from xied bad
and moment equilibrium conditions to match with the
equations proposed by Warner et al [12] as below:

P = ay faf'CCA + 0y As- 05As(8)

D BXp

M = a1 fifoeA(5 — Z2 (oA o) (3 — d')(©)
whereD is the total height of the columm,is the depth of
neutral axisd’ is the effective depth calculated as the distance
between the outmost compression fiber and the cesfte
tensile reinforcemendzand oy represent the stress for
compressive reinforcement and tensile reinforcement
respectively.

For circular columns, the shape of the compreszare is a
segment of a circle as demonstrated in Figure Figuare 7,
Xis the depth of compression zone is calculate@ gy D is
the diameter of column ang is the distance between the
centroid of compression zone and the centroid @ttiiumn.

Centroid of
compression zone,

61X n £

iV e
N

Figure 7Compression zones of circular columns under

eccentric loadingas Warner et al [12]

The area of the compression zoAecan be calculated as
follow:

01qq— sinfcosO
A= DZ( ra )
4

(10)

The moment of this area can be expressed as follow:

D _ BXn

ea-2)

Where 0,4 is the angle expressed in radius. WHilean be
calculated using the following formula:

0 = arcos (%) ; for fix.< D/2(12)

; for fix,> DI2(13)

0=11I- arcos(@)

Therefore, the concrete compressive lo&,for circular
column can be expressed as:
Ce= oy frf A (14)
And the moment contributed by the concrete is gagn
M= o fif cc Ay (15)
For compressive force of compression reinforcemeime,

strain of the steel can be calculated using tlegtes method
as:

ec:su(l-j—z) (16)

Hence, the stress in the longitudinal steel cacabailated as:
05 Eesoescs e(17)

Osc— fsy; & 553(18)
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wheres, fs,and Eare the yield strain, yield stress and the
elastic modulus of steel. Therefore, the compressioce of
the compressive steel can be calculated as:

Cs = 0sAsc (19)

In which Aids the area of compressive steel. Similarly, the
strain and stress in the tension steel can belatdclas:

dl
£t = &y (; -1 (20)

Hence, the stress in the tension longitudinal stzel be
calculated as:

05— EsgsesS 8sy(21)
Os— fsy; Es> 33)(22)

Therefore, the tensile force in the steel is giaen
T=esAs (23)

Figure 8 shows the variations of the stress bloaktofrs
against the SSTT-confinement ratio. It can be ghan the
mean stress factor decreases as the strength emmamicratio
increases and as the block depth factor varies siitly
against the strength enhancement ratio. For simplitt is
suggested thgt = 0.9

p1=0.9 (24)
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Figure 8Block depth factorg; for SSTT-confined HSC

sections

Once thep, is fixed, a; can be calculated according to the
criterion of equivalent stress block as discusdmale. Figure

9 shows the calculated value of mean stress fastoeng, =
0.9. Based on the Figure 9, the simple linear eguatan be
suggested as follow:

a1=0.195,+ 0.85 (25)
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Figure 9Mean stress factos,1for SSTT-confined HSC

sections

The performance of Equation 24 and 25 in evaluathmg
capacity of SSTT-confined HSC column will be evadahin
later section.

4.2 Resultsfor SSTT-Confined HSC Columns

Using the stress block factors proposed above, gdesi
equations based on simplified section analysis atetare
presented herein.

N,=0.9(0.19ps + 0.85] cA + OsAsc Ot (26)

— BXn

M, =0.9(0.195 + 0.85y'ccA(§ .

d127)

)+(ascAsc- osA) (g -

Figure 10 compares the load-moment interaction esurv
predicted using the proposed design method withsetho
produced using the theoretical model. It can b dkat for
short SSTT-confined column, the proposed equativesgan
excellent agreement.
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FigurelOLoad-Moment interaction curves for SSTT-confined

HSC column
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CONCLUSIONS

This paper deals with the development of desigratous for
short SSTT-confined HSC columns. The proposed desig
equation is dedicated to SSTT-confined circularucoi.
Based on the results and discussion, it can beluwded that
the proposed design equations are simple but aecuna
predicting the ultimate load and moment of shorfTBS
confined HSC.
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