F37THK H3M }%;ﬁﬁ«l—'ﬁ—'lﬁ j—ﬁ:i'%é;}g» Vol. 37 No. 3
2020 %5 A Journal of Architecture and Civil Engineering May 2020

SIAAS ATEN 5 8,80 8,55 [RS8 oA IR BE L vh Rk Rl R RE LT ). AR 2 5 TR AR R . 2020, 37(3) 1 18-27.
REN Zhi-gang, ZHANG Ming, WEI Wei, et al. Axial Compression Performance of RCFST Middle LLong Columns[ ] ]. Journal of Architecture
and Civil Engineering,2020,37(3) :18-27.

DOI:10. 19815/j. jace. 2019. 05054
[ i 72 3 & R 8¢ = AP I R B I 1 B

EER LK 46,40 4L, 2T

(RUBT A ATHRGEFE. WAL R 430070)

WE AMAABBMERBL P REGMERE. T ET UG FrZ AR T b 420 AH R
M ABAQUS # 5 7 B4 HME RE £ P KA @ACH R ER, A A A X KER
EATRAAER ) SR EAFF MR, E Al Lo T X T X R RS W44
PRAELRKEEEO AR FETESBRERELRR KA, S50 T Kk MERE.
REEIRE CAMRE STRFAK.RETABBRE RE L P RERRARE S BT EAX.
Fat AL AKX A AT T AR, SRAN EAEAREHBOR, P KAEL LB M KB
WKL ABRM R AL FHARGELT, B BARERE L P REGHRAR S L
MEKmZ R, 5MMIRE R R L E EAR KRB 2 IR 09 ALK R A At 0 R
FRsEEEFRAERMBRKEL A, =10~11. v kAL KAEFR KL A, =86.4~96.0; 5 X I &
BRARTITHERAM  ABAAXEARBHE, TARBBMERELFREALE ZREY
A B AL IR IR IR

EEE A BMET R L s R RRRmb KRB NP kA

hE4SFES.:TU398 MEKFRERRD A XEHES:1673-2049(2020)03-0018-10

Axial Compression Performance of RCFST Middle Long Columns

REN Zhi-gang, ZHANG Ming, WEI Wei, WANG Dan-dan
(School of Civil Engineering and Architecture, Wuhan University of Technology, Wuhan 430070, Hubei, China)

Abstract: In order to study the axial compression performance of the round-ended concrete-filled
steel tube (RCFST) middle long columns, a finite element model of RCFST middle long columns
under axial load was developed by using ABAQUS. On the basis of verifying the rationality and
accuracy of the finite element model by the existing experimental data, the deformation and the
bearing capacity states of the specimens were analyzed, and the properties of short columns,
middle long columns and long columns were compared, the boundary slenderness ratio of RCFST
was proposed. A simplified formula for calculating ultimate bearing capacity of RCFST middle
long columns was presented based on the analysis of the parameters such as the slenderness
radio, thickness of the steel pipe, concrete strength, steel strength and height to width aspect

ratio, and the accuracy of simplified formula was verified. The results show that the short column
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is strength failure, the middle long column is buckling failure and the long column is elastic

instability failure. Under the same conditions, the slenderness ratio has negative relation as well

the steel strength and thickness of steel pipes have positive relation with the ultimate bearing

capacity and ductility of RCFST middle long column under axial load, but the variation of

concrete strength has less influence on ultimate bearing capacity and ductility. The bounds

slenderness ratio among stub columns, middle long columns and long columns are A, =10-11 and

A, =86. 4-96. 0 respectively; the formula for calculating axial load bearing capacity has sufficient

accuracy comparing with the results of finite element analysis and experiment, and it can provide

theoretical basis for the research and engineering application of RCFST middle long columns.

Key words: RCFST; axial compression performance; bounds slenderness ratio; bearing capacity;

middle long column

0 351 F

B IR B B A R I e A DI
PEREDE R ELE T T 8 2 W T AR SR . [E]
WAMKTIRIE |3 B9 4 TR B+ i B 58 © 28 B
152 S T2 49 7 9 05 o — i B DICTE 5 T 45 4 1) 7 28
WA 20, BT RE Iy 9 L 4 1) W RE O L AR E R o B R
AR AL RAPERE . C ) Z 0 TR R A . A
DU 5 WAL £ TR,

SCHR LT [58 s JE2 99 A5 TR 06 b A0 A7F 52 L 1 i ok
Fror 4R T RO IR BE H A X R EROHR T
FEAG I3 o 2 400 A 1R 66 - 52 A% PR R 87 g AL 2
25 SCHRE2 )~ L4 1R AT BROCER A X T8 o 1 4 A 3R
5k B e SRR 32 g LB BE AT 23 A 45 2R 3 I IR i P
B TR - 2 AR RE R AT U RN A TR 1 2 4
TIRE AN Z 6] 5 SCHRLS Dok 159 9 2 9 47 1R o6 -
REPEAT b e s B 1 T TR R A VR 5 bl
R AR 3 2 3 SCHREG T4 L7 108 SR AN R A4 3 45 it )
152 S JE2 99 7 9 056 A 1 2 4 i e 158 9 20 A [ 4
Ry DO AR R AE A RS N O R o
Ui 12 99 A e 05 e i s R R I BIR R BT T 5 2 2 3
TR L8 J~ [ 10 I0f (53] s 1B 0 A7 ¥ 56 - 44y 17 BB A7 fii [T A
TE 3 WAl L RS 7R BT BB WA I AT 2800 W5 3
MRL LT o (12 o0 T o 499 46 A0 Bl I8 K ¥R € - 4y 11 R A7
PRI AA BRIC A7+ He 8555 2% 3 (5 i 2 409 4 TR 5t &
PR PEREZZ 5 . H AT FE P P [ v T 409 7 TR 5 £
W 5¢ A v e A L i D R RORE B9 3  F 5
BB, AR TRESEBR . 200 K 4 e A IR
e A1 LRI 25 Kz TP fE 5 AL AN [A] L S A
AR 28 SO TE T T R DR A o 850 [ S 2
B TR b A R R B BE AT B 5T L LSS 3% ) i JE 4
EIRBE LR &R I O TR BRI B 4 B K A

A SCFIH ABAQUS A7 B T #5141 37 137 0 I 4K 78 TR
e AL, A3 AT R R R A il R ) A R L IR BT
T2 BB RO R 1 B 1 R, 4 T R R N A TR
B A v AR A SR R 2R A R
1 RKHEFEt

B Sy 8 v JE 3 1 i s &L o, HL B 43
S A R TR B S TE R . NS IR . RS
KA E BB B N R R S L B L X [R
i JE AN R B - P KRR RE A R L 1T T 21 AN
R K A0 L TG B 10, 8~96. 0, Hit RCFST-
al S A O AR S B 1,

B1 EWENERELE®E
Fig. 1 Cross Section of Round-ended
Concrete-filled Steel Tube

2 BIRTER

2.1 #RIMAEXRER

TR B BT A7 R - AR G R B VL 1 S 8K
BB Z BOCHRLL3 T 7 B 50 8 0 A 4% 0 TR e - AR
PS8 | A 4R 249 SR80 R A5 ) D D) e [BR] i TEZ 48 1E R
N TSN H BB M2k Ae Sy B/2 W i A AE
B BRI



20 EAMFE TRFR 2020 #
x1 REGEEASEMBREAES
Tab.1 Basic Parameters and Ultimate Bearing Capacities of Specimens
SrEARAE | g HY H/mm B/mm H/B L/mm {/mm fv/MPa | fe./MPa A N../kN
RCFST-al 150 100 1.5 450 4.00 235 40 10. 8 830.93
RCFST-a2 150 100 1.5 600 4. 00 235 40 14.4 760. 37
RCFST-a3 150 100 1.5 750 4. 00 235 40 18.0 748.63
RCFST-a4 150 100 1.5 900 4. 00 235 40 21.6 762.67
RCFST-ab 150 100 1.5 1 200 4. 00 235 40 28.8 720.43
K4 RCFST-a6 1 150 100 1.5 1500 4. 00 235 40 36.0 689. 83
RCFST-a7 150 100 1.5 1 800 4,00 235 40 43.2 657.71
RCFST-a8 150 100 1.5 2 100 4,00 235 40 50. 4 636. 65
RCFST-a9 150 100 1.5 3 000 4,00 235 40 72.0 544.92
RCFST-alo 150 100 1.5 3 600 4,00 235 40 86. 4 487.19
RCFST-all 150 100 1.5 4 000 4. 00 235 40 96.0 424,95
) RCFST-bl 150 100 1.5 1 500 6.00 235 40 36.0 852.98
LIKE9CS; 3 2
RCFST-b2 150 100 1.5 1 500 8. 00 235 40 36.0 1 040. 10
RCFST-cl 150 100 1.5 1 500 4. 00 235 30 36.0 624.55
. RCFST-c2 150 100 1.5 1 500 4. 00 235 50 36.0 751.90
TR BE A R 3
RCFST-c3 150 100 1.5 4 000 4.00 235 30 96.0 413. 28
RCFST-c4 150 100 1.5 4 000 4.00 235 50 96. 0 448, 90
. RCFST-d1 150 100 1.5 1 500 4.00 345 40 36.0 853. 88
9 BF iR BE 4
RCFST-d2 150 100 1.5 1 500 4. 00 420 40 36.0 982.62
RCFST-el 170 85 2.0 1 500 3.79 235 40 33.5 711.47
B e
15 98 H 5
RCFST-e2 204 68 3.0 1 500 3.39 235 40 31.9 742.50
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Fig. 2 Concrete Softening Model Under Tension
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Tab.2 Comparison of Test Data and Finite Element Calculation Data

BRI | RS H/mm B/mm ¢/mm L/mm fe/MPa | f,/MPa Nuo/kN N./kN Nu/ N,
CFRTI1-A 299. 8 252. 6 3.75 750. 0 40. 40 327.7 3429.00 | 3572.74 0.96
SCHk[5] | CFRT3-A 350. 0 255. 1 3.72 900. 0 40. 40 327.7 3929.00 | 4 007.97 0.98
CFRT5-A 394. 1 260. 0 3.79 1 000. 0 50. 40 327.7 5620.00 | 5774.33 0.97
i RCFST-4 237.5 156.5 2. 86 719.6 38. 06 324.6 1544.80 | 1 544,80 1. 06
RS ] RCFST-5 317.0 158.5 2.86 962. 3 38. 06 324. 6 2161.50 | 2 139.89 0.99
AR 158.5 317.0 2. 86 962. 3 34. 80 210.0 2 284.87 | 2302.02 1.01

k18]

B i {1 158.5 317.0 2. 86 962. 3 34. 80 210.0 2107.85 | 2302.02 1.09
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Tab.3 Failure Modes of Components with Different Slenderness Ratios
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Influence of Parameter Variation on Load-displacement Curves
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Tab.4 Comparison Between Formula Calculation Results and Test Results of Ultimate Bearing Capacity

o B . 2 A

oA Bk

e RE A BORH 22 AN K A X i 22 4 il 7

B2 (6) ~

X-J- Hﬁ ’ /I’l

FnWaE R H/mm B/mm t/mm L/mm fy/MPa fa/MPa N../kN N../kN Nue/Nue
CFRT1-AL) 299. 8 252.6 3.75 750. 0 327.7 27.1 3220.19 3429 0. 939
RCFST-116 168.5 117.0 2.86 540. 0 324.6 25.5 1004.75 925 1.090
RCFST-206 229.0 118.0 2.86 721.9 324.6 25.5 1255.13 1215 1.033
RCFST-4L6] 237.5 156.5 2. 86 719.6 324.6 25.5 1 600. 49 1658 0. 965
T s Nue R R R 81 24 3045 R 5 Nue iR R 7R 82 13040 45

x5 AEWHIRS TIRERES
Tab.5 Bearing Capacity of Different Steel Grades
A 10. 08 10. 80 14. 40 18. 00 28. 80 36. 00 43.20 50. 40 72.00 96. 00 N,/kN

Q235 867.18 830.93 760. 37 748. 63 720,43 689. 83 657.71 636. 65 544,92 424,95 829. 93

Q345 | 1095.90 | 1005.50 | 930.48 913.55 897. 35 853. 88 841. 36 836. 41 807. 33 680. 58 1077.31

Q420 | 1289.60 | 1130.50 | 1086.60 | 1021.30 | 996.30 982. 62 930. 21 917. 60 880. 79 793. 21 1 245.98

6 BEZRHoE
Tab. 6 Stable Coefficient ¢
A 10.08 | 10.80 | 14.40 | 18.00 | 28.80 | 36.00 | 43.20 | 50.40 | 72.00 | 96.00 Ao AR A6

Q235 1.040 | 1.001 | 0.916 | 0.902 | 0.868 | 0.831 | 0.792 | 0.767 | 0.657 | 0.512 | 10.800 | 10.910 | 12.800
Q345 1.02 0.93 0.86 0.85 0.83 0.79 0.78 0.78 0.75 0.63 10.50 | 10.71 12.71
Q420 1. 04 0.91 0.87 0.82 0. 80 0.79 0.75 0.74 0.71 0. 64 10.30 | 10.61 12. 66
H M T ARXDBRT EERRT o ERT 1A A8 e A () oIy 8948 w8 30T 15 50 BRAC AN 1L 526 4823 2 (4D o [ 49 4 T

TR SR A .
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Tab.7 Comparison Between Experimental Date and Calculated Results by Formula
BRI | RS B/mm H/mm t/mm L/mm A fe/MPa | fy/MPa Nuo/kN Nue/kN | Nue/Nue
RCFST-1 117.0 168.5 2. 86 540.0 11.51 38.06 324.6 1 001. 89 925.0 1.08
RCFST-2 118.0 229.0 2. 86 721.9 11. 88 38.06 324.6 1 248.97 1215.0 1.03
k(6] RCFST-3 116.5 349.5 2.86 1 080.0 13. 39 38.06 324.6 1721.24 1635.0 1.05
RCFST-4 156.5 237.5 2.86 719.6 10.92 38.06 324.6 1 601. 20 1544.8 1. 04
RCFST-5 158.5 317.0 2.86 962. 3 11.53 38. 06 324.6 2 014. 28 2 161.5 0.93
k18] i1 240.0 385.0 4. 00 1 850.0 17.43 34. 80 210.0 2 840.44 | 2 505.6 1.13
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