hngl = (ole dloxe
ke s (it
AR L oF oyled cpoins 093

S b plgi i bov 39 sl gl (iod JL3 5 Gous (w9

‘ﬂoé‘jw 3 S ‘%V)ﬁ:da; ;».44. ’}0 )@L«?-J G}AJ'

b Sl i o oS Ol o wdige sdSEls (5,83 (6 gmeiils )
JJL’ J‘)Jl":‘f W AK.«:A.‘J gd‘j&& J.n_l..@a o ANy bl Y
O 3le ol Ol e pwilige 025 liils ¥

* m-naghi@nit.ac.ir

VLN [ANWIT] il 06

bodd sy la s b a idor ppghe (2S aU 5o ol i WS 5 oLad b o on Loty oV 58 slad ) 0als I3 L (a2
52 0k i GBS 5 ot Sl 35 o ($5LE5 U 55 (6358 ) calate opl pa B S 1S addlles 3550 s3de Dpsar S 0 Lpls o
o B R K T Ao U X P PO [ R P PE P PPESC AP MO P PRI PRE JE B S S KL PWE
wlo Ll o3l b e (a8 @ L ssdome Ol Jute el s 3l dn cpl by il 0355 s B ARELT Slasal 55 S
5 T o 0 G P e S5k 5 Rs el Gla et ls e e 4 e e 5 3,8 15 ) 2550 ae Sl 5, b AS
e Sl Gy sk 38 5 e e WS o slagart by sdiylil ST sdasilis ey S il 0dd 0315 ann s (3V58 ) o
(b 38 018y P S Gl Lt 3 Sl el et e S5 s 5 3V ) el ekialS G 5 e
5 S o Sl (5551 bl I b 3 e i el 45 e el S5 B as e G 5 s ol S i 3 5 53V 4
o s 3 st IS 5 SEV et S (8551 calrale S bS8 53 I o sl S e atlE s A1 e SR
5l JS okb i 551 5 a5y IS8 e st sl 1 555 b ot St S o L s L

R PR YRR N VRPN JE R REPREIN N N BT W L | L 1 )

Ao Sl G S hie nle e g ad S5 el dodo —
b amlie 53 Sopm phes G s 3w Sl
5 e RS Ol Sl o b edd gl dhake
LoV slas o joaly dlail 5 Vs ) (Say
13 5,08 s s baly 5 as e by Glaesle 53wl
3 ISz slasl olid Sy s ool sl iasy [4]
S, s Js edd el s o o beds A

sl slasl (olid 5 hes k5 su) ol gl esn
ol sl 3 s T 53 oS edd el n b eds
&:.:L:b“j: 6\4.‘_55 6\.,.2_6‘ [1'3] Sl ol odalie Lzel
Lile oblse 5 039 o 4 O ke Jds 4 55 n 5 bl

USYL&L@; &A}L&A}L;MQM&Q%;M)_’M

10/


mailto:m-naghi@nit.ac.ir

O‘)K‘“”)g;.’k“")"f”).

LS 5 oV 0 S5 5 Lol Gs ol ed &)
Lt G ol Caslie S Sl ) SUb G Sl e Sy
Sl S BL R A 0y gee e 5 Sl L
@ S emes 258 JES o RIS 4l S K
OLen 5 ola 5 [15] OLn 5 Slam)y dhv s S s 2
Ol ldde slesl s ke 4 eds 35S [7]

ol 0l onlaial L;E.?-J.:.C— 3 gd>ea

S9uzme Ol (& 3l Y
B o 9 oW -Y

Slaadlse 5 oSS (LSl Glads iluand sk 4
sshe 4l w5 Solid s 3 i laoldl (o
A oslizad Shell a3 ¢ ol 51 oV ) (g5luans
25 3> GOl dhe gy 5 ol i Sl IS 5 Las Sl
53,8k Jlasl gl dlis cpl o3 Lledd (g3luans TTUSS
Sl e Ok Ol hsy Sl 4 el ity LB
Sl gslie gl ple [16] sl sas eslizal o SUIT
o et ke 4 Sslie gladSol 5 e e
- oalie (1) K2 53 & jgalen) A Obiel conilis

.(.) j';'
J:gprij; T P WP PV P P RN SR DN S TWAR PR B T
S
Loading
Loading Plate
Outer un-confined
concrete
Core concrete
Steel tube
Outer confined
concrete
Y
Fig. 1. FE modelling of prestressed concrete-encased CFST

beams
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Fig. 2. Overview of test arrangement and dimension of test
specimens (unit: mm).
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F F

Material E, (MPa) v u
(MPa) (MPa)

Steel tube (d=50mm, t=1 219x105 270 305
mm)

it;e)' tube (d=47mm, t=2 2.10x105 330 395
Rebar (d=25 mm) 2.21x10° 500 656
Rebar (d=8 mm) 2.17x10° 350 490
Rebar (d=6.5 mm) 2.15x10° 260 396
Prestressing strand (d=15 2 06x105 1674 1860

mm or 0.6 in)

Table 1. Material properties.
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Fig. 5. Comparison of predicted and measured M-curvature
relations by Han et al [7] and verified.
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Fig. 3. Comparison of predicted and measured [15] M-um
relations.
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Specimens Qps a a, as
PCE-CFST1-1 0.00228 0.00856 0.07799 0.00615
PCE-CFST1-2 0.000569 0.00856 0.07799 0.00615
PCE-CFST1-3 0.00912 0.00856 0.07799 0.00615
PCE-CFST2-2 0.00228 0.00286 0.07799 0.00615
PCE-CFST2-3 0.00228 0.0257 0.07799 0.00615
PCE-CFST3-2 0.00228 0.00856 0.0281 0.00615
PCE-CFST3-3 0.00228 0.00856 0.206 0.00615
PCE-CFST4-2 0.00228 0.00856 0.07799 0.000385
PCE-CFST4-3 0.00228 0.00856 0.07799 0.01385

Table 2. Specimen information

et wlas 53 LS5 g Sosk 4 disd e S
GBS s 5 Sl S350 (S 5 D50 4 2t
S 25l e Bl gl Sl SUsp 3 (b dlas s (g ks
[18] 550 ol 2d b s S2alS

35 PCE-CFST1-1 5 wlas by plralr S s
g o odalie & 4 S 0kas il ol esls OLIS (V) S
iy A bl S ol o3ls OLE I3 el (G, a4k 0
e gt b Bl Ga e o SSS pass
S s o alas O a8 4l > Jsb 5 S
S ks g0 et D b (g)lis 4l s (Y8
S ol labs B a5 ol 535 4l s el iy
R aSE G S 4 o O LB o 53 53 S 0T
A o LA s Sl (olid Caslie iy (5 e
Bl whte iast oS5 (5)Li8 Al om0 52 L
Olge a (+/00Y0) m el 2S5 L blae S awl e
[17] et a0 ol K

U OA Cad Jyl d o sl d o e gl e
Ao s phis las os oo gl 53 S el S
S b bt Sose 4 S s L8 S
S5 odsl et pl s ey o A dais 4 B L e il 58l
wlas Gl el 53 n 350 45 &Sl s 4 oo
S 25 0 2ol g r G (S Cunslie Sl iy (e
e 03 SR en SRl 5 sl e Al L ol e
“S 3l dm a4l Ol o B 5 A bl o ab 5

w5 S gVl s o 68 358 e ab S LA g5 S,

113

PCE-CFST1-1 45 o jLdy £
Uoels o bodd sl by s sy sk o
& S0lkes) PCE-CFST1-1 .5 (315 o3lul b Sas i
o Sz 9 dd Ol (gl e edalia (V) Jgur 5 &S
55 Jsb s Se v lls PCE-CFST1-1,5 .cs 3 )13
Vo R LV L e YO L RS 4l
N ks L ed iy WS 0 e e £ Culbs 5 e e
Slatie Lol 28 el s (e VO/T) 2l

.hl«wlou ﬁ‘)‘i‘fﬁu‘)ﬁbw

PCE-CFSTL-1 ;5 Sosf e 1 JS3

(25
R =2

I

o RS
fhE 1 e
A1

Fig. 6. Failaure mode of PCE-CFST1-1 beam
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Fig. 7. Typical M-um response of prestressed concrete-encased
CFST.
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Table 3. Results of flexural capacity, displacement ductility and stiffness
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Table 4. Results of flexural capacity, displacement ductility and stiffness.
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Table 5. Results of flexural capacity, displacement ductility and stiffness.
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Table 6. Results of flexural capacity, displacement ductility and stiffness.
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Abstract

Concrete-encased concrete-filled steel tube (CFST) has been presented to integrate reinforced concrete (RC)
and CFSTs that have been used increasingly in high-rise buildings and bridges in the world. Concrete-
encased CFST exhibits higher confinement of the concrete core, high stiffness and strength, better durability
and ductility, small sectional size, higher fire resistance due to the protection of the outer RC encasement
compared to CFST, avoidance of local buckling and corrosion of steel tube, and easier connection with steel
RC beams. On account of the insufficient research and the unknown behavior of these beam types, in this
research, prestressed concrete-encased CFST (PCE-CFST) beams that incorporate CFST in the compression
zone to improve the strength of concrete, and prestressed strands in the tension zone to control cracks in
reinforced concrete (RC) beams are numerically investigated. The objective of this study is the finite element
analysis of parameters that are not feasible to be examined through experimental specimens. Hence, the
experimental study has been done to validate the nonlinear finite element modeling and a full-scale model is
constructed to explore the flexural behavior of the cross-section. The model is then developed to include
parameters such as the longitudinal rebar ratio, prestressed strand ratio, core concrete ratio, and the steel tube
ratio indices. Based on findings, a good agreement was observed in the moment-deflection diagrams and the
failure modes between the experimental and numerical results. Then the model was developed and 9 PCE-
CFST beams is modeled by finite element software of ABAQUS to investigation of longitudinal rebar ratio
(0.0257, 0.00856, 0.00286), prestressed strand ratio (0.00228, 0.00912, 0.000569), core concrete ratio
(0.0206, 0.07799, 0.0281), and the steel tube ratio (0.01385, 0.00615, 0.000385) indices. The beam
specimens were subjected to four-point loading and the parameters of bearing capacity, moment-deflection
curve, energy absorption, ductility, failure mode, bending stiffness were investigated. Examination of indices
revealed that as the prestressed strand ratio increases, displacement ductility, flexural stiffness and ultimate
moment increase by 1.47, 1.06 and 3.22 times, respectively. Further, the elastic and entire absorbed energy
of cross-section escalate by 1.04 and 3.22 times respectively, with increasing prestressed strand ratio.
Likewise, by increasing the index of longitudinal rebar ratio, flexural stiffness and ultimate moment are 1.18
and 1.22 folded, respectively. In addition, the elastic absorbed energy is increased by 2.85 times as the
longitudinal rebar ratio increased. As the ratios of core concrete and steel tube increase, the flexural stiffness
is reduced by 5% and 6%, respectively. While, by increasing the core concrete and steel tube ratios, the
ultimate moment grow by 1.05 and 1.29 times, respectively. The only effective index on the cross-section
ductility and the entire absorbed energy is the prestressed strand ratio. The longitudinal rebar ratio has also
the greatest increasing impact on the flexural stiffness and the elastic absorbed energy. Moreover, the core
concrete ratio has the least effect (less than 10%) on the flexural stiffness. The prestressed strand and core
concrete indices have respectively the highest and lowest escalating effects on the ultimate moment. As a
consequence, an increase in the prestressed strand and longitudinal rebar ratios lead to a rise in the flexural
stiffness and ultimate moment. On the contrary, an increase in the steel tube and core concrete ratios,
decrease the flexural stiffness and gives a marginal increase to the ultimate moment. It was also unveiled that
the failure mode of full-scale beams is flexural, and shear crack and shear capacity govern the behavior of
PCE-CFST beams with shear span-to-depth ratios of less than 2. As shear span-to-depth ratio increases, that
is, the shear failure mode shifts to flexural, flexural stiffness decreases, yet the ultimate bending moment
increases. Additionally, a strut-and-tie model was proposed to describe the load transfer mechanism of PCE-
CFST beams.

Keywords: Finite Element Analysis, concrete-filled Steel Tube (CFST), Prestressed Strand, Flexural
Behavior.
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