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Abstract—In the present work, behavior of inoxydable steel a

reinforcement bar in composite concrete is beingstigated. The
bar-concrete adherence in reinforced concrete (F@jn is studied
and focus is made on the tension stiffening paramdthis study
highlighted an approach to observe this interacti@havior in
bending test instead of direct tension as per tedoin many
references. The approach resembles actual loadingditon of the
structural RC beam. The tension stiffening propertare then
applied to numerical finite element analysis (FB&)verify their
correlation with laboratory results. Comparison hwilaboratory
shows a good correlation between the two. The éxjeetal settings
is able to determine tension stiffening parameterRC beam and
the modeling strategies made in ABAQUS can closepyesent the
actual condition. Tension stiffening model used capresent the
interaction properties between inoxydable steelcmtrete.
Keywords—Inoxydable steel, Finite element
Reinforced concrete beam, Tensitiffening.

. INTRODUCTION

Il. INOXYDABLE STEELIN COMPOSITECONCRETEBEAM

In reinforced concrete structures, the presencesteél
necessitates the consideration of bar-concreteaiction. The
bar-concrete adherence allows the concrete lodagdaeen
cracks to resist tensile stresses, thereby redubimgverage
reinforcement stress level compared to its magaitadthe
crack. This phenomenon results in a gain in rigiddalled
tension stiffening.

A simple way to account for this local phenomensra
integrate the bar-concrete interaction in a glatyension by
modifying the stress-strain relationship of the eniai, either
the reinforcing bar or the concrete. In this stutliyg tension
stiffening model is integrated with concrete. Idisscribe and
validated in detail in Reference [1]. Referring Fég. 1,

modeling,t€nsion stiffening is described as the stress miffee g sz

between the steel stress of the reinforced concrete member
and the stresss,;; of bare steel at a given strain The stress
increaseos rsy can be replaced by an equivalent concrete

| NOXYDABLE steel is used in construction works for multipleStr€SSoc,rsg Which can be determined as [2],

reasons. Apart from their excellent resistancedwosion,
its high ductility is advantageous with respect doergy
dissipation in the case of cyclic loading. Inoxylgasteel from
austenitic type is studied to determine their béraas
reinforcement bar in composite concrete beam. Fcosmde
on the interaction behavior with concrete and tbesion
stiffening phenomenon. This study highlighted a pified
approach to observe this interaction behavior indbey test
instead of direct tension as per reported in maigrences.
Their possibility to observe the tension stiffenimghavior in
composite concrete beam is then determined. FEA
conducted using ABAQUS software to verify the miter
model and laboratory results. Modeling strateggesimulate
the actual condition of laboratory work is alsobeleated. The
constitutive laws, experimental work concept, ahd FEA
strategies used in this study could benefit futesearch in
inoxydable steel and composite concrete.
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OcrsE = PeffOsTSE (1)
Where, US,TSE = (US - US,II) (2)
Perr = As [ Acesr @)

perr is the effective reinforcement ratid, is sectional area
of the steel, and, . is the effective zone of concrete around
the re-bars which can be determine according to [3]

The stress-strain curve for reinforced concrete eund
uniaxial tension can be divided in three regiomns; gracking,
gsack development stage, and post cracking [4]hasvs in
Fig. 1(a). Before cracks start to form (pre cragkirconcrete
are able to resist tensile stress. These resutishigher stress
level in concrete as shown in Fig. 1(b). When csasfart to
form (crack development stage), concrete slowlsésotheir
ability to resist tensile stress and so the sti@gs decreases.
With the increase in formation of cracks (post knag),
stress in concrete decreases and more stressdsewhirried
by the reinforcement bars. Reinforcement stressellev
increases evidently after the formation of cracks.

This tension stiffening phenomenon has been obderve
experimentally by numbers of researchers througimiaxial
tension test. Most of these researches involvedsthdy of
concrete reinforced with construction steel anderfib
reinforced polymer (FRP) material. However, due the
difficulties of conducting the direct tension testly limited
and often conflicting results are available. Mo beam
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subjected to uniaxial tension is unlikely to existmpared austenitic steel bar in tension zone to record gbarin stress
with bending. In this study, the possibility of eging when load is applied. These changes is analyzeohsdrve

tension stiffening phenomenon
subjected to bending is investigated. A similar capt of
sample preparation with study conducted for uniaéasion

test is applied. A series of strain gauges areclatié to the

in a concrete stractuclosely particularly during the phase before anderaf

cracking. LVDT is placed at the center of the baamecord
the central deflection.
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Fig. 1 Tension stiffening model derived from uniaxial tems(a), and the equivalent concrete stress-stedationship (b): [2], [4], [5].

A. Preparation and Testing of Beam Sample

Fig. 2 shows the dimension of the reinforced camecre

beam sample used in this study.

Two austenitic steel 20mm in diameter is used a&s
reinforcing bars in tension zone, and two carbeelsBmm in
diameter is used in compression zone. For this sy
austenitic-hot is use. 10 shear links formed framn® mild
steel bars were provided at 70mm and 120mm frorh eads
for shear reinforcement in the shear spans. Thenbeare
tested on simply supported condition with a clepars of
2.9m and loaded symmetrically and monotically.
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Fig. 2 Dimension of the RC beam as per construatebdtested in
laboratory

Crushing test on the concrete sample in accordariite
Reference [3] were conducted to identify the coregire

strength of the concretd, = 50 MPa, and the Young's

Modulus of the concrete is 37,565 MPa.
As for the settings to study the tension stiffenimpavior,

a series of strain gauges are attached along #tertic steel
bars. Since the strain gauges were attached doathsurface,

the quantity has to be limited to minimize surface
interferences. Therefore an effective number distgauges
and the right position to place it have to be eated prior.
tkI]:or this, a moment distribution diagram of the dinp
supported beam is used to predict the internalsstre
distribution as shown in Fig. 3(a). It can be okedrthat the
stress distribution will increase between point Axigl will be
identical with D-C. A total of six strain gaugeseaised and
placed along the reinforcement bar at the posa®shown in
Fig. 3(a). It is marked as J1, J2, J3, J4, J5Jénd

Fig. 3(b) shows the detail arrangement made orstitaen
gauges position. It is alternately positioned bemvéhe two
bars to minimize the surface interferences andchatsame
time permit the changes in strain to be recordea iclose
distances along the bar. Strain gauges marked, dg Jand J6
were placed along Bar 1, while J1, J3, and J5 wpémeed
along Bar 2. When observed on the side view ofltbam;
these alternately positioned strain gauges wilkettgy a series
of strain gauges closely distance with each othengathe
beam member. The strain pattern can then be olibarive
different distance and load history.

B. Tension Siffening Phenomenon

Tension stiffening phenomenon is observed with the
increase of strain recorded along the reinforcerbargs when
load is applied. Tension stiffening can be viewes am
increase in stress on reinforcement bar when cratde to
form due to the inability of concrete to resistdiém stress.
Analyzing the readings of strain gauges attacheithéobars,
the stress curve is plotted for the applied load; #a). Stress
is determine by multiplying the strain values wighastic
modulus of the austenitic steel; 177,305 MPa (baseidnsile
test conducted on the steel sample), assumingeleéis still
in its limit of elasticity when 80 kN load is apgtl. For all six
strain gauges, an increase of readings is recdrdedeen 27
and 44 kN applied load. These increment can be iietwo
phases as shown in the figure. Taking J4 as exampieear
increase is recorded between 0 kN to 27 kN, folbwy a
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higher increase of stress between 27 kN to 80 ks Judden
increase in strain and therefore the stress, shbas$ension
stiffening phenomenon as could be observed in dtegtsion
test. All strain gauges shows the same incremeit¢rpafor
the same range of load. This is when cracks isifayrin the
concrete beam.

J4 shows the highest reading (370 MPa) followedJBy
(320 MPa) for 80 kN applied load. This is due teith
position in the center of the beam when deflectisn
maximum and crack formation is earlier. This iddaled by
J2 and J5, in which both reading shows close reksemod. J6

2415-1734
No:2, 2012

theoretical assumption and shows the tension siifte
behavior for the beam sample.

Fig. 4(b) shows the strain pattern plotted along th
reinforcement bar to investigate the strain disttidn for the
simply supported beam when load is applied. It ¢en
observed that strain increases identically fromhlends and
maximum values are recorded in the center of thembe
When 30 kN load is applied, increase in strain ighér.
Formation of cracks and deflection at the centeegihigher
values in the strain. This observation is similahew
compared to the findings from direct tension testducted in

and J1 shows the lowest reading and close reseogblamReference [4]. When strain pattern is plotted aldhe

between each other as well. This proves the assomtitat
internal stress distribution will be identical fitre two gauges
if their position is identical from each end aswhoin Fig.
3(a). Readings from the strain gauges interact weth

reinforcement bar, higher strain increase is olke=krat the
crack position.
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Fig. 3 Strain gauges position: (a) Determinatiosdobon moment distribution of the simply suppotiedm, (b) detail position along the bars
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Fig. 4 Laboratory results: (a) Stress in eachrsauges for the applied force, (b) Strain pat&ong the reinforcement bar recorded during
laboratory test

I1l. NONLINEAR FINITE ELEMENT ANALYSIS

A general purpose finite element code, Abaqus/Stahd
(STD), is utilized in this study. The traditionaleiton-
Raphson method (Static General) is applied togetlitar the
variety of routines for material models (concretel asteel),
boundary conditions, interaction properties, andndo
behavior.

A. Finite Element Modeling Srategies

Three-dimensional finite element analysis is coneldico
examine the behavior of composite concrete strattur
elements internally reinforced with inoxydable st&@»oncrete
is modeled using 8-node 3-D solid elements whikeitternal
reinforcement bars are modeled using 2-node embledde
formulation in the concrete elements. By this apphp the
reinforcing bars are treated as integral partshef doncrete
element to determine the total internal resistogés that are
directly added to those of concrete.
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Beam is modeled as simply supported with two plmatls in tension zone, two carbon steel 8mm in diameter i
in the middle of the span. The loads are distrith@eenly in a compression zone, and 10 shear links formed fromm 6nild
constraint area to avoid localized damage in on@tpo steel bars were provided at 70mm and 120mm frorh eads
Loading’s arrangement and dimension of the beameiisd for shear reinforcement in the shear spans. Austdrt is
as shown in Fig. 2. Position of each strain gaud&s;)2, J3, used as per laboratory work. Tensile test resuétsapplied in
J4, J5, and J6 are marked precisely along the mdime material properties for the reinforcement bar tseir
reinforcement bar base on their actual positionbgam nonlinear plastic response could be accuratelylsited in the
sample of laboratory work; Fig. 5(a). History outpesults numerical model. The reinforcement bars are modeled
are generated on each position of the strain gaiogesmpare embedded element in the concrete as shown in Kig. 5
the values with the one recorded during experinievieks. These elements are superposed on the mesh ofcolaarete

The model is then meshed vertically into small eleta so elements. This modeling approach allows the coacret
that each of the concrete elements contains retiile or no  behavior to be considered independently of therrgglaThe
reinforcement in elements often introduces meskigeity in  smeared crack model provided in Abaqus/STD for nplai
the analysis results in the sense that the finiement concrete is applied to the FEA model. Tension estifig is
prediction do not converge to a unique solution.e Thused to model the effects associated with the fedraerete
interaction between the re-bars and the concratestéo interface.
reduce the mesh sensitivity.For the reinforcemeants,bthe
model is develop with two austenitic steel 20mndiameter

COD; 13079 sbaisbe St ADSGURSTardand 6.i-2 Jut

Fig. 5 Position of each strain gauges marked albege-bar model (a), reinforcement bars modelesha@sedded in concrete element (b).

B. Tension Siffening Effect

The effect from rebar/concrete interface is appr@ated by
introducing the tension stiffening, which simulatésad 4.07
transfer through the rebar across cracks. Tendifering 3.256
effect is applied in the simulation by changing thaterial
properties in concrete model rather than the retefment
bars. Tension stiffening model develop by [5] asvef in
Fig. 1(b) is used. These model involved four patanse R,

Tensile stressy

Tensile
strain, g

R, S, R together with the character of concrete;ad <, 0.000108 ~ 0.000432 0.00108
where
Fig. 6 Tension stiffening model applied to theténélement model
f=0 3fk(§) 4y  C Comparison of Experimental and Numerical Results
. [
e = It ‘ ) Based on the history output results generated &mhe
T g strain gauges; J1, J2, J3, J4, J5, and J6, a-strags curve

) ) for each strain gauges is plotted and comparetidaesults
These concrete character is determine based onggained from laboratory test. These results arifiee by
compression test conducted on the concrete useéwelop extracting the reinforcement bars frame from thenposite
the concrete beam discussed in previous secfign= 50 model as shown in Fig. 5(a). Stress values forideatical
MPa, and E = 37,565 MPa. Therefore, the materiadleh® positioned gauges resemble closely; J3 and J4nd2%, J1
based on the actual properties of the concrete b¥alues of anq J6. The internal stress distribution as showfig. 7 can
the four parameters,FR, S, F are taken as 0.8, 0.45, 4, anche better observed in these results. J3 and J4 sshiog
10 respectively. Fig. 6 shows the tension stiffgnmodel highest values of stress throughout the loadingcess
applied to the simulation. 400MPa for 80kN load. This is due to their positianthe
center of the beam where maximum deflection ocdurre
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which leads to earlier formation of cracks. Thisakowed by bar. J4 and J3 are compared together in Fig. @@myparison
J2 and J5 with 300MPa for the maximum load. J1 3®d of J2 and J5 in Fig. 7(c), while J1 and J6 is camgan Fig.

shows the lowest stress; 150MPa for 80kN of appbed.

7(d). Stress values from FEA for J3 and J4 are 5®KkiBher

Results from this numerical FEA are then comparéth w than the experimental works when maximum load @ieg.

readings on strain gauges recorded in the expetaheorks

as shown in Fig. 7 (b)-(d). In general, the reshttws a good
correlation between the FEA and experimental resMéalues
from numerical analysis are slightly higher thare thne

obtained from laboratory works.
experimental works is made based on the set ahggeuges
that provide similar readings due to their positadong the

For J2 and J5, 25MPa difference in stress is obsefor the
80kN load. J1 and J6 show a closer resemblanceevatu
stress recorded through experimental and FEA. Feets of
gauges, increase in stress recorded in FEA iseedtian

Comparison with théaboratory; 22kN where cracks starts to form.
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Fig. 7 Stress in each strain gauges for the apfoiee (a); comparison between laboratory resultsraumerical FEA (b) J3 and J4, (c) J2 and
J5, and (d) J1 and J6

The strain distribution patterns observed in theARie
similar with the experimental results. By comparifig. 8

For the maximum load of 80kN, both ends of the ae-b
have strain around 0.0006. This is where the J1 3hd

and Fig. 4(b) it can be observed that strain distron at each located. For the location of J2 and J6, strain nded in the
end of the bar shows close resemblance between &tA experimental works is around 0.0014 as compare B8;F
experimental.

0,003

0 500 1000 1500 2000 2500 3000

Length along re-bar (mm)

80kN

Fig. 8 Strain pattern along the re-bar:

FEA

0.0016. The strain pattern in the center of therbfa FEA is
higher than laboratory results; 0.0025 as compafeG018.

J34 IV. CONCLUSIONS

0,0025 = ——0kN
5 ——10kN From the study conducted on inoxydable steel bagn be
§ oo 127 & 35 a0 conclude that the experimental concept for the imgntist on
2 00015 / 30k simply supported beam is able to observe and retoed
B tension stiffening phenomenon in concrete composite
® 0001 4 —k—=40kN . . . .
50 Tension stiffening parameters used is acceptabld the

00005 1 oo modeling strategies made in ABAQUS can closely esent

60Kn the actual condition.
0 - 70kN
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