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Mechanical Behavior of I-shaped CFRP Profiles-high-
strength Concrete-filled High-strength Circular Steel
Tube Middle-Long Columns under Eccentric Loading

LI Guochang ,WANG Ningbo , LI Xiao

(School of Civil Engineering, Shenyang Jianzhu University , Shenyang , China, 110168 )

Abstract; To avoid material waste and reduce the section size of the member, CFRP profiles and
high-strength concrete-filled high-strength circular steel tube is combined to form I-shaped CFRP
profiles-high-strength concrete-filled high-strength circular steel tube, and their mechanical
performance under eccentric compression are studied. The working mechanism and failure mode of
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the composite members were studied by the combination of test and finite element method. The
typical members were selected for the whole process analysis and variable parameter analysis. The
results showed that the load-deflection curve of typical members can be divided into an elastic
section, elastic-plastic section, plastic strengthening section,and descending section. The proportion
of load borne by CFRP profiles after the elastic-plastic section gradually increases and can work
together with the steel tube ,forming double constraints on the concrete and improving the ultimate
bearing capacity of the members. The slenderness ratio and eccentricity have an obvious influence
on the ultimate bearing capacity , initial stiffness,and ductility of the members, while the steel yield
strength, concrete strength, steel ratio, and CFRP configuration rate have little influence. The
deformation of the specimen is stable and the ductility is good, and the deformation of the
specimen conforms to the plane section assumption.

Key words: I-shaped CFRP profiles; high strength circular steel tube; high strength concrete;

eccentric loading
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Fig. 1 The cross-section diagram of the specimen
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Table 1 Summary of parameters for numbered specimens
P dxtxL/mm f,/MPa feu/MPa e/r A N,/kN
1-HCFHCST-CFRP-E10 183 x5 x 1220 782. 18 103. 26 0.11 26. 67 4 543.61
1-HCFHCST-CFRP-E30 183 x5 x 1220 782. 18 103. 26 0.33 26. 67 3 528.53
1-HCFHCST-CFRP-E50 183 x5 x 1220 782. 18 103. 26 0.55 26. 67 2 835.45
1-HCFHCST-CFRP-E70 183 x5 x 1220 782. 18 103. 26 0.77 26. 67 2 228.34
2-HCFHCST-CFRP-E50 183 x5 x 1220 842. 68 103. 26 0.55 26. 67 2 838. 66
3-HCFHCST-CFRP-E50 183 x5 x 1220 490. 11 103. 26 0.55 26. 67 2207.17
4-HCFHCST-CFRP-E30 183 x5 x 1830 782.18 103. 26 0.33 40. 00 2 908. 43
4-HCFHCST-CFRP-E50 183 x5 x 1830 782. 18 103. 26 0.55 40. 00 2 217.85
4-HCFHCST-CFRP-E70 183 x5 x 1830 782.18 103. 26 0.77 40. 00 1784. 69
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Fig.2 The loading device of the specimen and the schematic diagram of the measurement points arrangement
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Fig. 4 The lateral deflection distribution curves of the specimens at different stress stages

1.4 NEFEHEHNEEZTSHT

P15 A A8 G ) 1o A 1w A T 5 3 A
Mk, HES5(a) AT X EME % 0. 8 N,
ZH, PR SIS Sl BE BN N 0.2 N,
£0.8 N, PR 5 26. 39 mm, 7KE T
KB 0.8 N, ZJ5, N LA IR, X R
KR IR EE 1 B, B2 RO 7
A 07 A5 $E A SRR r P A A B ) A2 A
sh, MEM 0.8 N, & N, hIEshResh T
22.28 mm, AN M 0.2 N, £ 0.8 N, B
84.43% .

[SERITRINEE S )| W -2 o R A N2 A

B, I G A B sz A Bl H 32 )
AR O SR AR A i, P R S Bl
0%, & 5(a) L (b) L (c) Frmm, R E
J1R 0.2 N, HophoPE R AL B AR IR
-86.46 mm . —52.49 mm, —38.07 mm, fill
HMN 0.2 N, B N, =AY el 2 )
] % & #% 3 T 46.67 mm, 24.96 mm,
13. 16 mm,

g LTR A A v A 0 40 4 57 o i
L ZEA B B 3 A2 TR, 7632 1 ad
Wil A 387 3G, AN T 1) 37 R X B Bl
RIETE N, Z R F A

~27.53 mm
=37.11 mm
42,12 mm

| R ——46.68 mm (=722 MPu/ =103 MPy
- hiti i 5249 mm @055, ik 3807 mm FTRNRE M
—12000L 1t .t ) ) , ~12 000 4 i R , ~12 y .m“% )
9150 -45.75 0 4575 9150 —91.50 4575 (1] 4575 9150 9150 4575 0 4575 9150
h/mm h/fmm h/mm

(2)4-HCFHCST-CFRP-E30

& 5

(b)4-HCFHCST-CFRP-E50

A IO Y P AETRT R JRE A R £

(c)4-HCFHCST-CFRP-E70

Fig.5 The distribution curves of steel tube strain along mid — height section

2 A RICEERI ST

I K FRIEE
T R R AN A O AR 0k P AR 4R

2.1

() s H AT YT LRI A 2 R
FEASAA AR e FH ) i i Hh A YRR RE 107 ) — T
ARSERIORFAMR IR IR ) - W hE G
FU0 5 SURBE 2R CFRP $5i 2 4L



966

Tk B B OR E eE R (A SRR )

540 %

KT ABAQUS A BRIt 40t 44 — ik I
& USDFLD F#2)%, JF MR 4 Tsai-wu 58 &K
RECHE D A e 5, PR 463 407 e SO
A BRI B R AL
2.2 EMXR GREEHEFMER S

st XA TR BE T3k H C3D8R oG,
CFRP #I4% ] SC8R iyt M SiREE+ 1A
AEAESR/INE B, 2 fk T 7 4 ) SR R 2 fk
IR 5 10) FH P70 R H A R ASS40L R 57 (1) 1 A %
R EEE 2B 0.6, IRIEHFIT £ IR
#1155 CFRP B 2 (B J L ASAEAEAXS 0
PEfRC R AT E SO Tie 4E L9, CERP AUkt
vt RS 5 A 2 [ 43550 SR FH A2 o AN 22
TELTH KIS E W B Al 7 o 28451
B R PR N B PR RO R
TR AR 4 an &l 6 iR

CFRP 7} yrzh"
| ATHRRIAER ki

B6 e HR IR ARMRER
Fig. 6 The schematic diagrams of contact relationship

and boundary conditions
2.3 REWIE
YIRS P FROCETY A & LA AL
P, SR b3 AR Ty 2 0 IR 1 9 A He ik
PEREAT TR R, A&l 7 B, i
7 R, T AR DL A4 i A - BE ) &
Bbf, HowH R 8 e KA 2296, 43kN

FET82 MPaf=103 MPa

350 (N=35853 0N N3 sAm0N U ) 213661
4000 e 3 0002 ssas g2 OIIN
3000 : - 2 500 h
3 000 2500 | . _ o~ - | " -
g Sooof [ | GRS hed 52000 i N
= 2000 = Lo 4 = 15001 U A=1614mm
1500 | LA 1639 mm | Jmme
1000 1000 H wl AA1267mm e30mm 1000 e
500 : : _ T—CFRP—EO 500 e
L, o) W, MEEICIN a LRI, L AN
0 5 10 15 20 25 30 35 40 45 50 0 5 10 15 20 25 30 35 40 45 50 0 5 10 15 20 25 30 35 40 45 50
A, /mm A, /mm A, /mm
(a)1-HCFHCST-CFRP-E10 (b)1-HCFHCST-CFRP-E30 (c)1-HCFHCST-CFRP-E50
3500 (/=782 MPay~103 MPa—— [ 4490 MPa/=103 MPa — 3 T.CFRP-ESO
3 000077, 466 "5~ | k=055, 13667 -~ -
2500F N22834KN =2 17461 KN
g 2 000 = ; ! =
= 1500} o
1 L ! A7 mm ' _
Ogg :"17A.:1532 mm 0 E ) :;;735 mws .
L | .
T ] e, SREET
0 5 101520 2530 3540 45 50 0 5101520 2530 35 40 45 50 0 5101520 2530 35 40 45 50
J/mm Jmm Jmm
(d)1-HCFHCST-CFRP-E70 (e)2-HCFHCST-CFRP-E50 (H)3-HCFHCST-CFRP-E50
35000 3 500 1782 MPa/~103 MPa—— 4 SrorRPES0 3 500 [178) MPas-103 MPa ——
3000+ AN 3 000_.5, A0 -o- % ) 3 000/ 120
2 500 ~ 2500_”" X N2 20785 KN §=2 21904 KN 2 500+
‘a = WEE  yt N=1 7831 N
52000_ 2410 mm gzmo;som, i =~ o §2000- g VAT
= 1500 / v D 1500F ii = 15001 o E ==
1000 ‘ 1000( 4279 um 1000+ \ armsoem
500 N 2 TWRP-B“ 5001 il A=2716mm 5001 ¢ Az516mm
JePmm L, P REAEC, M T M ST
0 5 10 15 20 25 30 35 40 45 50 0 5 10 15 20 25 30 35 40 45 50 0 5 10 1520 25 30 35 40 45 50
A /mm A /mm A _fmm
(2)4-HCFHCST-CFRP-E30 (h)4-HCFHCST-CFRP-E50 (i)4-HCFHCST-CFRP-E70
B 7 e SR - S i 4ext e

Fig.7 Comparison of load-deflection curves between test and simulation
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Fig. 10 Longitudinal stress equipotential diagram of concrete at mid-height section
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