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Finite element analysis and bearing capacity calculation for RPC-filled
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Abstract; RPC-filled circular steel tube columns can be applied in long-span buildings, high-rise structures, and
heavy loading constructions due to its excellent mechanical performance as vertical members. Currently, the
formula of load-bearing capacity of RPC-filled circular steel tube column under axial compression is only applicable
for the ones with a diameter less than 152 mm. When the diameter is larger than 152 mm, the calculated value is
larger than test data. To solve this problem, finite element analysis on RPC-filled circular steel tube columns under
axial compression was conducted using ABAQUS. The relationship of RPC confining stress ratio and RPC-filled
circular steel tube column displacement curves were investigated. A total of 134 load-displacement curves of RPC-
filled circular steel tube columns were calculated. Results show that when the confinement index is less than 0.5,
there is no strengthening stage in load-displacement curves of the RPC-filled circular steel tube columns; when the
confinement index is larger than 0.5, the strengthening stage in load-displacement curves occurrs; when the
confinement index reaches 1, the ultimate load increases as much as 1.3 times that of the loading bearing capacity,
and the ductility becomes higher. With same cross section of RPC-filled circular steel tube column, the lateral
deformation coefficient and the confinement effect on core RPC increase with the decrease of RPC strength. Based
on the results of experimental and numerical analysis, the calculation formula on bearing capacity of RPC-filled
circular steel tube column under axial compression with diameter as large as 560 mm were proposed.

Keywords: RPC-filled circular steel tube; axial compression; finite element; confinement index; bearing capacity
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Fig. 1 Influence of ¢ on stress-strain curves of RPC test
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Fig.2 Influence of w on stress-strain curves of RPC test

1.2 &5zl RPC RoHfh

WA 5.0 RPC (3 A 45 U0 ) (W 9948 %
J7 1)) RNk ) (3 BT HE AR ) WSS . gk )
2 il SR FH RS i, D70 1o 2 foh >R FH P R A A8 | P42
ZRURCH 0,25 B0 X RPC SR ) = 4 /A 5 52
fREIT C3DSR, 48 K H MU 5 A5 72 B S4R, K1) 43
RIAEI/INA 1 em. 58 4 25 SRR IS i I H B2, A T00
AN I ) AN it fin 249 9, SO A T it i 1) £ 26K
(iR fiT4K) -
1.3 HRTHEBLEIE

KA ABAQUS #4357 T 8% RPC H A BRIT
MY, 53R 12, 14 ] S8 iy B 39 E RPC il



5 12 3

o A B RPC Rl R AT IR/ 5 R E O H5E <63 -

FAE KB AT L, AT IEAT PROTR Y ) TE A . [
3 KPR - LR &g B 5 A FROT S
XFEE. 5 3CHRE 12 ] % F e W, 7 far 48 — 12 il e i
PEBY B, TR S SEE ) & R4 s BEm Wk i it
ASBFIT B, B BT R B, WA &, 2 5
AR T T B, A7 BROT TSR A4 0] T g e T
WEREE IR, 5 OCHk [ 14 LR 45 R X WA il
CFT3 \CFT4 fyA7 FROCIH A th 2k 5 105 th 2k 2 800
H. A FROC T RPC AL m 245 -8 AR5 7%
T 2= PRI Jo A S P 15 B0 DL I 4, 34 4 B
BOUMIR. 25518 3 4 Al A, A FROTEISE R 5l 5
SERWIA RS, T T RN RPC Bl R AESZ ) 1
REI T

0-0-0-0
~'.~._A—A -.;.~‘ —
S— -
Z
24
=
=
— m-219-10 XI55 R
== m-219-10 4} 25 5
—e— m-245-8 RL4h
—A— m-245-8 Srirah R
0 5 10 15 20 25 30 35
A/mm
(a) SCHR[ 121356
2.0
1.6
=z 127
=<
S
=038
—— CFT3-1 {5 4h
04k —x= CFT3-1 531255t
—e— CFT4-3 j{ IR

—A— CFT4-3 S gt

0 1 2 3 4 5 6

A/mm
(b) SCHR[14 X5

B3 ARITITE&SINE &R
Fig.3  Comparison of load-displacement curves from FEA and
the test

-2.758e-02
-3.009e-02

T

B4 XfFm-245 -8 FRETTHGHBTRITEE
Fig.4 Comparison of deformation of specimen m —245 -8 from
FEA and the test

2 BB

FEF ABAQUS A BRICHIAY , 52 AL 134 Fft RPC il
FEREAESZ D1 R A3 A, I BR AR FAME Z it R
SRRl R A ER T 0 I8, AR SO BT R4S RPC
B HAE K MSME Z 35k 3. PRI RPC it
1 2R A RS IR AR AL, A 15 S E05 T AL LAFR 43
BAL A A ), IO AN A R R L B A R A O
RPC 58 B 55 500b1 58 i 45 X0 4 RPC faf 8 — i #% il
23 1 5 ) R A5 0 4% 0 RPC. 240 T T ) S i B
2.1 WEREL

3 3o A A0 N A VR A A AR A BT AN A AR SR L
ARSI RPC il R A A 7 24 PERE I BZ i LA, 40
IR S HOL 2 1 2. MRS R [ AAS JE E Xe4
& RPC JIAEAT2L - (R 2 iy s2m WLIEL 5, Horh N
HERE T, A SRR AR I i . N AMEAE
IR, il T T P 4 R, A AR R L D/, i
FHO I, B X R0 X RPC Y 20 o/ I8 0 | 3t
PRI (B R 2 T B, A PR R 15 21 s , 3R
R AP LEPE. R AME A R JE B, 428 I8 H AR Ak
[/ RPC 0 AT far 28 — (37 1 2 Ay 5 i) UL 6.

#£1 HENMEFREENRESH

Tab.1 Parameters of specimens with the same diameter

DxixL/mm D/t f/MPa f,/MPa A/mm®> A /mm®> ¢

133 x3 x400 44.3 290 109 1225 12668 0.257
133 x4.5x400 29.5 290 109 1817 12076 0.400
133 x6.5x400 20.5 290 109 2583 11310 0.608
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Tab.2 Parameters of specimens with the same thickness

DxtxL/mm D/t f,/MPa f,/MPa A/mm®> A/mm?® ¢

110 x5 x300 22.0 310 115.8 1648.5 7850.0 0.562

133 x5 x465 26.6 310 115.8 2009.6 11876.3 0.453

152 x5 x450 30.4 310 115.8 2307.9 15828.7 0.390
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Fig.5 Curves of specimens with different tube thicknesses
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Fig.6 Curves of specimens with different tube diameters
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Tab.3 Parameters of specimens

RS DxtxL/mm  f/MPa f/MPa £ N,/kN
1 560 x4 x 1 680 100 310 0.091 30 658
2 560 x8 x 1 680 100 310 0.185 32 047
3 560 x 12 x1 680 100 310 0.284 33 110
4 560 x20 x1 680 100 310 0.495 35 436
5 560 x25 x1 680 100 310 0.638 36 651
6 560 x30 x1 680 100 310 0.789 38 013
7 560 x35 x1 680 100 310 0.949 38 770
8 560 x40 x1 680 100 310 1.119 40 090
9 560 x45 x1 680 100 310 1.301 40 901

70
60 [
50
<
= 40t
i~
= 30
LI CiEREEAE S
20 F =0 A SCAUA 2 == SCHR[18] A0
—A= SCERAIAR == SR 145K
10k B SCHR1918 58 =P= SCilik[20125 2
=@ S TR M A R
== FE SR TRRE T R 2 A
0 0.5 1.0 1.5

¢
B 13 HEESSKUER

Fig. 13 Comparison of calculated and test value
4 % b

1) B4 Z BTN RPC 4 FE 5l JE S22 M g5
e I 5, Bt A 5 4 R B 0 3 K, B9 X A% 0 RPC Y
YU E R A M R AT B R £ <0.5,
WA RPC M far gk — B i e AN A AE oA B 2
0.5<& <10}, M4 RPC #Efifk — 67 7% 1h Ze th B o
B2 E=1 W, wm Ak Bt R fay A X TR 807 1Y
TR 30% .

2) A R T RO B B A9 48 RPC A, BiiA% 0> RPC
O BT SR FERRAIG , LA ) A8 T8 R B0 K, N X %
> RPC ) 2y A 3 .

3)HRH T HARIA 560 mm R4 RPC il He i A
BRI AT TR T

%2 Wk
[1] MEHMET C. The effect of high temperature on reactive powder
concrete[ J |. Construction & Building Marerials,2012,70(6) ;508

[2] LEE J, XI Yunping, WILLIAM K, et al. A multiscale model for
modulus of elasticity of concrete at high temperatures[ J]. Cement
and Concrete Research, 2009, 39(9) 754

[3] wwthss. ARG MM AR BE T 0B 5 [T ], IR BE 1 5K el
h,2003,1(1) 5

(4] MOBTF, RRUE, PLALAR . (BT A IR B 4 Jah 6 2= 1 g
WFFELT]. L4, 2005 ,26(4) .52

(5] RAGHF,ARRRT . BUE G MRy AR BE 1 A e S AT 2 00 M Rg il 0
WFFELI]. A E A B4R ,2005,18 (1) .57

(6] Yo, EAAT, R, 5. R RMWE REE PR MR
W BRI T] . A B4 ,2017,38 (11) 34

[7] LUBLINER J, OLIVER J, OLLER S, et al. A plastic-damagemodel
for concrete [ J]. International Journal of Solids and Structures,
1989,5:299

[8] ZHENG Wenzhong, LUO Baifu, WANG Ying. Compressive and
tensile properties of reactive powder concrete with steel fibers at
elevated temperatures [ J ]. Construction & Building Materials,
2013, 41. 844

(9] ZWI&E, 2, A B, A5 0 MR AR B 1 BT L M REF Y
[J]. $kiE"#H2,2010,32(1) .54

(1004 B, Z2 WIS, E AR . XU N I Mol A TR B 1 1) Oy 2 1 g
[J]. TR Rl 441 ,2011,14(3) 305

(1172590 0. 335 5 5 A R 36 £ (RPC200 ) #%H 2 J A<y 3¢ R AF 5T
[D]. dbat: Jbaisgi ke, 2006

C12]7E . (5K A5 T M R TR O 1 Sl s 1 B 8 55 803 T vk
[D]. B /R I MG /RIE Tl K, 2016
JIAN Wei. Experimental research and design method on behavior of
reactive powder concrete-filled circular steel tube columns under axial
compression| D]. Harbin; Harbin Institute of Technology,2016

[13]ELLOBODY E, YOUNG B. Nonlinear analysis of concrete-filled steel
SHS and RHS columns[ J]. Thin-walled Structures ,2006,44:919

(147 HAES, slAEAT , A S, 45 A998 m P R RPC AT AL 1 4l R4
PEWFFELT]. MR RS T %3] ,2008,28 (1) :99

[15] R0 MFET, A0 1P TR R IR BE LI A T 24 M R I 4G OF
FELI] IR TR B4R ,2004,19(3) .7

(16 13KIEZR , PRHBTE. RSB E 1 A0 Sy 2 EREL T ). W RIS K 2%
242,1996,29(3) .62

(17 ] 20, 2, R0 SC 8wy il 5 % ey A YR o5 1 0 1) A2 T kg
[J]. MR L R 2441 ,2013,45(4) <1
LI Haiyan, WANG Ying, ZHENG Wenzhong. Transverse
deformation properties of reactive powder concrete after exposure to
high temperature [ J ]. Journal of Harbin Institute of Technology,
2013,45(4) :1

(18184, 230K, FIE NI, 45, in 48 0y =00 A0 48 105 ks AR T o5 - 0
HEHUEPERERZ R 5T J]. BRI 24 ,2014,36(9) 105

(19 ERERI, kit , 2 &, /4R RPC Jg A0 32 Ak BRR 3%
SATT]. dERT Tl K2 54% ,2011,37(3) :361

(20 1428 Az A4 TG M) A TR B3 - ) 2 1 i B A KR 7R 48 F 5T
[D]. Kb IR, 2003

(21 VTR EE 454911 St TR : CECS 28:2012[ S]. fhEHX
A, 2012

(4%

AR E)



