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ABSTRACT

Numerical investigation was carried out to stutlg behavior of simply supported slab using finiteneent
method software ABAQUS. The validation of this mbdes based on Gordon M.E. CodRe The analysis was carried
out for ISO 834 standard fire curve for 90 minubéexposure on bottom side of reinforced cementr. The other
important parameters considered here were depttlabf diameter of reinforcement with constant spgciwith and
without live load of 1.5 kPa. The temperature dbsttion along the depth of the slab, temperatumrgatian of the steel
reinforcement, vertical deflection and percentafdamnage were studied. A result of numerical stdielicates that the
distribution of temperature along with the slab tliels nonlinear, the temperature gradients areelatte stiffness of the
slab found to decrease as temperature increasetimigh The increase in thickness of slab and diamet reinforcement
shows same pattern of decrease in stiffness. Tifizess was found to be decreased in higher raenvdonsidering live
load also. The slab supported on four sides wasdfda behave in more promising manner due to begtdistribution of
forces and formation of double curvature than tive $ide supported slab. The maximum damage pegemas found to

be 68% and 94% for four sided supported slab andstded supported slab respectively for a timegakeof 90 minutes.
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INTRODUCTION

Engineering structures were often subjected teeeé loads such as earthquake, fire, sabotages@teetimes it
even leads collapse of the structure. Major strattelements in reinforced concrete structures Vilenmes, shear walls
and slabs. The accurate simulation of the nonlibesavior of these structural elements under exrirads is essential
The study of residual strength of concrete expasefire has been conducted since™1€entury onwards and still
(as Shown in [1,2.17 & 19]). Numerous large scalpeeimental works had been studied on buildinggestbd to fire
after the terrorist attack on Twin towers of Newrk'€ity in 2001. The RCC slabs have to ensure kialind functional
aspect like a) Insulation and b)integrity as spegiin (22 to 29). Concrete slab is thin structwel@ment which has to
ensure functional as well as strength aspect. @aatab is most important because it occupieg larga and it is intend
to perform function of separation, compatible witie users and to ensure sufficient strength whemag exposed to

elevated temperature.

Tensile membrane action of concrete slabs wasestuoly conducting large scale experimental testo[J].
The failure was found to be double the time of lgattulated by using theories available. [3 toNtlmerous equations
were proposed to calculate the load carrying céypdmi considering the effect of tensile membrantoac[3 to 12].

The two main concrete failure mechanisms are angckinder tension and crushing under compressiowelder, concrete
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strength determined in simple states of stress &xml compression or tension) radically differsnfi the strength determined

in complex states of stress.
MECHANICAL PROPERTIES OF SPECIMEN

The materials properties were considered to b@éeature dependent. The constitutive relationshih al the

related material properties required for the ansly&re based on Euro code 2[26 & 27].
Concrete Plasticity

Plasticity theory successfully treated concretsbf@ms in which the material is subjected to prim@mpressive
loads. In situations where tension-compression splaysignificant role, plasticity theory is applied model the
compression zones while damage or fracture mechaniesed to model the tensile zones. One of teagth hypotheses
most often applied to concrete is the Drucker— @&rdgypothesis (1952). According to it, failure istermined by
non-dilatational strain energy and the boundaryaser itself in the stress space assumes the sHapeeogy and the
boundary surface itself in the stress space asstiraeshape of a cone. The advantage of the ugesofriterion is surface

smoothness and thereby no complications in numeapaications.

The drawback was, not fully consistent with theéuat behavior of concrete. The CDP (Concrete Darmhage
Plasticity) model used in the ABAQUS softwasea modification of the Drucker—Prager strength higpets. In recent
years the latter has been further modified by Inésli[15], Lee and Fenves [16]. According to the Hications, the

failure surface in the deviatoric cross sectiondsa®ot to be a circle and it is governed by parank&s.

Finite Element Analysis at Elevated Temperatures

Modeling and analysis of RC Slabs was studied $igguFEM Software Package ABAQUS. The analysis was
carried out in two steps. Before this temperatusgridution analysis was performed and checked ifibegrity and

insulation aspect then the following was preceded
Step 1:Perform the linear structural analysis to deteemire short term deflection due to loads considered
Step 2:Perform the coupled temperature displacement aisadysng with the results from previous step.

In the case of temperature analysis for concretmibers, the convection is usually ignored whenutafing the
exposed surface temperature because convectiesgsmsible for less than 10% of the heat transféreaexposed surface
of the concrete members [17]. On the other handyection is usually accounted for when calculatihg unexposed
surface temperature. The internal heat transfeutitr concrete members is typically calculated hydoetion only [18].
To study the performance of reinforced concretb alader fire, the distribution of temperature altimgdepth of slab was
essential. The Dimensions of slab consider forgtely were 4.5m x 4,5m square slab. Live load damed for the

analysis was 1.50 kPa. The temperature considerdtié study was 1SO fire curve [28].

The analysis was performed by considering thatstab was exposed to a time period of 90 minutéty and
without live load, varying diameter of reinforcemewarious thickness of slabs and for simply supgmbat two opposite
edges and other two opposite edges Free (SSFFlysiavas also performed for boundary conditiorsiofiply supported
on all four sides (SSSS), to determine the damagdebahavior of slab and to compare it with two cpoedges simply

supported for a general case only
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Finite Element Type and Mesh

Three-dimensional solid element and surface eléemere used to model the test specimen in ordachéeve an
accurate result from the finite element analysis: €oncrete, C3D8RT- An 8-node thermally couplettiyrtri-linear

displacement and temperature was used and for gtegls 3-node truss element
Validation

For validating the existing numerical model, expental test result of Gordon M.E. Cooke (2001), is
considered[13]. RCC slab are heated from below3®-834 fire. In ABAQUS, the RCC slab model is hdatip to 90
minutes as the slab is design to resist up to 9tutes. The compared analysis result with experiateesults was as

shown in Table 1 and also given in Figure 1.

Table 1: Mid-Span Deflection Comparison of Experimatal vs. Analytical Result

Time in Minutes Mid-Span Deflection (mm)
Slab (ABAQUS) | BRE Slab | Error %
20 62 64 -3.2
40 104 107 -2.8
60 133 135 -1.4
80 158 159 -0.6
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Figure 1: Comparison of ABAQUS Model with Experimenal Results of Gordon M. E. Cook [13]
TEMPERATURE DISTRIBUTION IN SLAB

The temperature distribution was studied for lal thickness that was considered for the study.rébelts are
checked for functional aspect with various codeéstf226 & 29]. The results of temperature distribntalong the depth of
slab was as shown in Figure 2, 3 & 4 for threeedéht thickness of slab 150mm, 180mm and 250mnectisely
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Figure 2: Variation of Temperature for 150mm Thick Slab

www.iaset.us anti@iaset.us



10 M. K. Haridhara& C. Natarajan

0 10 20 30 40 50 60 70 80 90 100 110 120 130 140 150 160 170 180
Depth in mm

Figure 3: Variation of Temperature for 180mm Thick Slab

From Figure 2 to 4 it was inferred that the terap@me varies nonlinearly along the depth of slaie Tagnitude
of the temperature was found to be high in theomgiwhich were close to the exposed surface amouitd to be
diminishing as the distance increases from the seghaurface. The following table 2 to 4 shows thaperature at the

various positions along the depth of slab. The tmapire was measured in °C.
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Figure 4: Variation of Temperature for 250mm Thick Slab

Table 2: Temperature Distribution at ReinforcementZone and Top of Slab for 150 mm Thick Slab

R30 397 338 279 239 27
R60 542 480 418 371 46
R90 633 570 508 459 79

Table 3: Temperature Distribution at ReinforcementZone and Top of Slab for 180 mm Thick Slab

R60 542| 480, 41§ 371 3i
R90 633] 570 50§ 459 49

¢
OO
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Table 4: Temperature Distribution at ReinforcementZone and Top of Slab for 250 mm Thick Slab

Temperature in °C, Depth in mm
Exposed | Depth from Exposed Surface to Fire
Duration 20 25 30 35 180

R30 398 | 339| 281 241 25
R60 542 | 480| 418 371 26
R90 633 | 570| 508] 459 28

From the Table 2 to 4 it was inferred that thegenature was found to have same magnitude for sanagion of
exposure and it found to vary only at the unexpasethce it is due to increase in thickness of.shtihe depth of 20 mm
from the exposed surface the temperature exceedinitt of 593°C as specified in ASTM E119 (22) fainforcement.
The unexposed surface temperature was well withénlimits specified by ASTM E119, Euro Code, and4B&art
(20 to 22) for all the thickness. From the abovagerature analysis it was found out that the mimmnulear cover of 25

mm is required for 90 minutes of exposure to 19© fiurve.
EFFECT OF AREA OF REINFORCEMENT

The reinforcement was provided based on the nodesin. The required reinforcement was Main reggment
- 8mm diameter at 100 mm c/c. Distributor -8 mmnaéger at 150 mm c/c. In this the main reinforcendtameter was
varied from 8mm to 10mm and 12mm. The effect ofaralsas analyzed by considering only Dead load (&g also by
considering both dead load and live load (LL). Hflewable deflection for members exposed to elalégenperature is
about span /20 as per BS 476. The deflections wktained for the different diameter of main reicfEment and for

various loading effects were plotted as shown gufé 5 and Figure 6.
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Figure 5: Comparison of Finite Element Slab Defleabn with BS 476 Code Provision,
Subjected to Dead Load Only
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Figure 6: Comparison of Finite Element Slab Defleadn with BS 476 Code Provision,
Subjected to Dead Load and Live Load
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From figure 5 and figure 6 it was inferred thatlan elevated temperature there was loss of matertgderty
which results in increase in deflection even faoastant load. As the exposed time was increabedjdflection found to
be increased. In addition to dead load presendiseofoad leads to increase in deflection by 10% &nd 8% for 8mm
diameter, 10mm diameter and 12mm diameter speciore30 minutes of exposure respectively. In cas@®minutes of
exposure the deflection was found to be increagetDBo, 36 % and 31% respectively. For 8mm diamggecimen under
combined DL and LL for duration of 90 minutes ofpeged condition it exceeds the strength criterigpeified in BS
467(). So the member with 8 mm diameter as maimfaetement had failed for the exposure of 90 misuteder I1SO fire
curve. From the values obtained it is clear thatifmyeasing percentage of reinforcement by 20% 42fb than the
required amount results in increase in stiffnesthefmember by 14% and 28% respectively for 10mamdter and 12

mm diameter specimen.
EFFECT OF INCREASE IN DEPTH OF MEMBER

The analysis was performed for three various dépidmm, 180mm and 250mm), the reinforcement pexvid
was 10mm diameter of 100mm center to center as re#iforcement and 8mm diameter at 100 mm centeeiter as
distributor, B.C. considered SSFF. The deflectinas obtained for above conditions were plottedhasva in Figure 7

and Figure 8
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Figure 7: Comparison of Finite Element Slab Defleédn with BS 476
Code Provision, Subjected to Dead Load Only
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Figure 8: Comparison of Finite Element Slab Defleébn with BS 476
Code Provision, Subjected to Dead Loadhd Live Load

From figure 7 it was observed that under elevégeaperature with increase in thickness of membedéflection

was reduced of about 4% and 9% for exposure of BQites of duration. It was about 7% and 16% foro=xpe of 90
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minutes of duration. From the results it is cldattthe smaller depth of slab faster the deteimraif the section when it
is subjected to fire.

From figure 8 it was observed that under elevédetperature, with increase in thickness of memherstiffness
of the member increases which results in decreasieei deflection rate when compared with the 150imiok specimen.

The following figure 9 explains the percentage afmdge the slab was subjected due to fire.
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Figure 9: Percentage of Damage versus Time for Varus Thicknesses of Concrete Slabs

From figure 9 it was predicted that under elevateshperature with increase in thickness of memher t
percentage of damage decresased. The maximum damzegeccurred in 150mm slab and least damage wasl fim
250mm slab for any time. The percentage of damagariging from 62% to 94% for 150mm slab for 30 uteés to 90
minutes of exposure. In case of 180 mm slab itatmsit 56 % to 86% and for 250 mm slab it was 44%8t86. The main

reason for the above variation is mainly due totdmperature distribution across the depth of gexisnen and also the

loading effects add in addition to the former one.
EFFECT OF DIFFERENT BOUNDARY CONDITION

The supports conditions considered for the amalygre Simply supported (SSSS) on all sides angblgim
supported on two opposite edges and other two depedges free (SSFF). The effect of boundary ¢ardon deflection
and percentage of damage was obtained were plgtedown in Figure 10 and Figure 11 respectively.
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Figure 10: Comparison of Finite Element Slab Defle@on with BS 476 Code Provision
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Figure 11: Percentage of Damage versus Time for Vimus Boundary Conditions of Concrete Slabs

Form the Figure 10 it was inferred that the deitecof the slab was found to decreases as theosuppndition
varies. The four side supported slabs behavesittar way than the two sided supported slab. iBhisainly due to the
effect of boundary condition and which enchases dtigness of the member by reducing the deflectiSimilarly

percentage of damage is less for the four sideatgyb specimen than the two side supported slab

CONCLUSIONS

Non-linear analysis of concrete slabs was caroedwith 1SO-834 fire curve. Due to increase in pemature
some portion of the members gets deflected, asntlezxpansion play an important role and for somdition in some

edges results in thermal bowing which plays an irgyd role at the initial stage of heating.

e Temperature distribution in all layers increaseshastemperature increase and also as the duratierposure
was increased

» Formation tension ring is found to be evident igedl and pinned condition for slabs supported om dywposite
sides.

» For Roller supported the initial stage of detetiiorais due to axial tension then followed by thatmowing in
addition to this material effect is also to be ddesed

» Formation of tension ring is found to be evidentstabs supported on all four sides than the sapgorted only
at two opposite sides.

e The failure is due to both material degradation alsd due to excessive deflection for two side SBRF:

* The Slab supported on four sides had deflectiogelethan slabs supported on two sides. Indicateshétter
performance in slabs that is supported on all fides.
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