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Seismic performance of partially encased composite (PEC)
steel-concrete columns with T-shaped sections

ZHAO Bida, SHEN Tianchi, ZHU Xiong, GUAN Yunjie
(College of Civil Engineering, Zhejiang University of Technology, Hangzhou 310023, P. R. China)

Abstract: The present study investigates the seismic performance of partially encased composite steel-concrete
columns with T-shaped sections (abbreviated as T-PEC columns). Five T-PEC column specimens with
different axial compression ratios and main steel component (MSC) configurations are tested under cyclic
horizontal load. Furthermore, MSCs are available in various forms, including solid-web steel and honeycomb
steel with openings in the steel web. Based on the test and finite element (FE) analysis results, the impact of
steel web openings and the axial compression ratio on the seismic performance of T-PEC columns is
investigated. The findings indicate that all T-PEC column specimens failed in proximity to the column base,
exhibiting plastic softening of the steel flange and adjacent concrete crushing. This is indicative of a typical cross-
section compression-bending failure mode. The load-displacement hysteresis curves of all specimens were full,
with the hysteresis loops at the same loading level almost coinciding, indicating effective energy dissipation and
load-bearing stability. Steel web openings degraded deformability, ductility, and energy dissipation capacity of

T-PEC columns. As the axial compression ratio increased, the lateral stiffness and lateral resistance capacity of
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the T-PEC columns increased, but the deformability, ductility, and energy dissipation capacity decreased. Both

the full-section plasticity method and numerical integration method provided reasonably accurate estimates of the

flexural capacity of the T-PEC column sections under the action of compression-bending load.

Keywords: steel-concrete composite column; T-shaped section column; lateral bearing capacity; flexural

capacity; stiffness; ductility
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Fig. 1 Geometric details of the specimens



% 54

ALK, TR @0 0 F N 220 AR 0 LR A

UL TR #m PEC A, h b7 8 S (H 20 AR 5K
JtE A (solid-web steel) % %% X (honeycomb steel) ,
J5 B T R R B R L n, BRI R NS
PEC H:# TR 2 J1 (f,A, + /. AD Z e, i b i iR
S S f, IR BE 1 T TR 5 B £, BOPE PR U 36 S L, AL
FVA L3 530 S TR B - A6 e i ARURT 2 4 A2 4 e i AR (e
5 2 T2 B DU IR e ) s T T AR ) o ) sk
TPEC-S-0. 23 378 T M1 S AW 1 e ik i L oAy
0.23 19 T PEC 41, & 1k R #4113 il i
FE g, BB T7 N, 5 PEC A 8 il 7R 3 1%
THE (R fA 4 £ AD Z 1, 2% 3CHR[16], N.=1. 3N,
S8 R A e e 5 BE B TR B - A TR R
JEB A
F1 RENEMELRBTMEL
Table 1 Main steel component types and axial

compression ratios of the specimens

W4 B EMAEY RKBEE L, EIHE R,
T-S-0. 23 S5 T4 0.23 0.46
T-S-0.41 52 T4 0.41 0.82
T-H-0.23 14 5 0.23 0.51
T-H-0. 27 L gl 0.27 0.62
T-H-0. 41 14 5 1 0.41 0.90

Ji A PEC AR /9 3 89 44 R F RS 6 mm 1Y
Q355B 9 Kt 45 00 6L E AT R B AR N 6 mm Y
HRB400 4K / i 5 1) C I 3% FF CH AR R AF)!, A 10
FAE K 500 mm 78 [l P4 3% #F (8] #E 24 100 mm, A
B FFAEE S 200 mm; 76 FE I8 T T A AT 3R Ab
BE 3 14 mm 9\ A (HRB400 #9777 ) , FH 2 fin 5ii 25
FEVE T ST e 5 B 5 E R A A R0 T 34 1
BN 8 mm B (HRBA00 45X 75 ) , LA T - iy 317 451
IR 1+ o R (Y N 1 B e 3
MR AT RSB HLON T e De IR B+ . B
3 2% AR =22 18] 2R FH ffy 06 4 34 B2 L C T8 3 AT 4 ity 119
KT B 5 R B 2% 22 ) SR R AR A L B B R AR
A R PR 2 R L2 20 TR SR R 4 C40 HE AT
B bb B T, it T B S 8 R — 0, 15 3 I PR A e
B —M . X T T IS W PEC AR IR, 75 #E 47 4
YRR Bt + B8 SR (R 8 SR Ot + 1o 75 25 5 3244 3
W) s X T8 4K PEC Bl 1, R R 1T 2 OB #E +
DeS . B — W PRSI BE A 3 AR Sy (R B,
5 1~4 YK 58 570 Y TR TR i B S 7 M £, AR R
43.5.42.2.41.1.41.5MPa.

S5ARE R H 8 3 AR F T-H-0. 23,
T-H-0.27 . T-H-0. 41 H >k % 5 J& Lb 4T T 2 53
B PEC #: bt B E RE Y 52 i, 2 4~ 41 3R {4 T-S-0. 23,
T-S-0. 41 F 3k 2% 85l & L X4 T B 524K PEC A4t

3
FR2 WHHAFHERINBER
Table 2 Measured mechanical properties of steel
———_— f)iJ%ﬂ‘z JERSREE/ BRI/ %
B A% /mm MPa MPa
JE AR 6 362 512 30.5
"y 6 362 512 30.5
HFF 6 389 585 28.1
EN 8 470 605 28.5
ENii 14 491 635 27.1

BB 52 Bl A R A PSR4 T-S-0. 23 1
T-H-0. 27 H1 & 2% 5 F WA AT ALY T JE PEC A
PUZ R RE R Rk 4k T-H-0. 23 Fl T-S-0. 23( T-H-
0. 41F0 T-S-0.41) HK 2% 8¢ [m 4l B LI 60~ W26 T
& PEC (340 14 > 52 16 4K R 5 A9 19 Bt 78 7k g
o KB A 24 PEC H K4 G4 T-H-0. 41 Fl
T-S-0.41) iy & 71l & F 8 K, B i %5 58k
A S B8 b T TR A T A A TR B O R A L B
(VUGN R RAE R 0.6") M 1H L T T IE
PECH:MPIRIERE . WA MM BF, 7B #
PEC H 1) 1 72 FE BE A1 4E 14 1 58 T W] 55 2% 1 7 1+
-V T R 7 TR R A
1.2 m#EHES

50 R FH K 7 2 ) B F VR Al Ik 45 4 3 R 4
PEAT M A o A A TP Ao MR A [ 2 G JAE G A
Ao [ T TR 5 A TS g 8 ) R B 4 R K
SRS g A % o FE T VR Sl & 0 I 4% 5 1w A i T
T A8 T 6 Bk (G TR # I O B A B AR T )
DI T I PEC HE7K 32 K 7 152 1 F (7= 25 S8 o Al
RS HAEN), %% T JE PEC A5 il Jr ) (4 bt 52
PERE . B 2 PR S 36 n ke B R BB BRE THKSF
i B TE A5 B E

"ﬁ‘lf‘H’El\ihé’é_

!
A [

TR e

IhB

F

:T

i S S s s o
Y I N Y N Y Y Y 1

EER

KT
feshds || | ;
TEPEC IR
FERAF ; ;
IS L“%EZE:‘
LT el

[T T TTTTTTTTITTT

_—

2 REmMERE
Fig.2 Testloading device

I R AT RS AR IR G W . '
56, 1 8 16] 1 Sy 4% 70 A IO i '8 16 i 28 0F 7 1k 3]
A BAE S PR R IE E o AR5 BT K P 1 3l % it
A A B 2408 B 7K - i 28, 3K AP et R i SR ey 4% 1l
IR, 5 A 3 it i HL A AT 1R, 28 1 Bk fof
BN Pr,/3, 5 2 N 2P, /3,55 3 R P,. Hi, Py,



4 E R B R LR FROP E )

Shy 4 30 T Ak EE A0 A AR A Y 32 B R Ok e
FR) A 28, P, A A T A T 8 00 25 1) A DS 4 3 % i IR st
() faf 2, PRI Proyo WEJE , ZKOF I 38R FH A 2 il
INAR, B — GOm0 AL F R A A b — G AL
H0.58,(8, R P4 NI B ), BRAE A 3K, |
F KOV far 20T B 2 04 (B 17 4819 8500 LLTF sl
IR JR) 7 A R 20k R
1.3 MNEHE

WA AR T AR R A B s 3 s . Hir,
LR8I D1~D12 32 % ok 0 I A T80 %5 1] 437 £% 1 7K
SRS A A 1/ 4 R B AL KL RS A K EfL
AR AL, DR IS A R R R . B
B F 3 % B AR RS 50 mm &b A5 BN AR - S1~S6,
oK H Wi PEC A3 2 75 Ji i LA K W il i 28 ot 72 v
B RERIUE ey o s

D9~D11

NEHITH VAR D5.D8.D11
D4.D7.D10
D12
~D3.D6.D9
A
174 8 R FE T T (S A
D6~D8
_e_
2 s1
S5
D3~D5
D2 S6
S4  s3
AR N DL R AT P 7 A
(12521 N (@A)

B3 uBitEETRAE

Fig. 3 Arrangement of displacement and strain gauges
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Fig. 4 Failure modes of the T-PEC column specimens
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Fig. 6 Bearing capacity degradation of the columns
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Table 4 Comparison of cross-section flexural capacity

between test results and calculation results
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ﬁt’fq‘ MIp/Mtest Mni/Mlesl
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Table 5 Peak loads and ductility ratios of the PEC

columns under different loading angles

0/() /KN Pu/kN ts P

0 358.7(327.5) 292.3(280.5) 3.5(4.8)  5.1(5.1)
30 359.1(353.7) 319.7(299.8)  4.4(3.5)  3.7(4.0)
45 366.9(370.5) 333.9(321.1) 3.2(3.3)  3.1(3.2)
60 348.8(336.1)  300. 3(296.5) 3.5(3.4) 3.7(3.4)
90 308.5(308.5)  253.2(253.2) 3.5(3.9) 3.7(3.7)
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