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Seismic behavior of endplate-bolted joints to concrete filled

square steel tubular column with high-strength core

TAO Yi*, ZHANG Yaoyu®, WANG Dan’, SHI Qingxuan®

(a. College of Civil Engineering; b. State Key Laboratory of Green Building, Xi’an University of Architecture and
Technology, Xi’an 710055, P. R. China)

Abstract: Five joint specimens were manufactured in this study based on the criterion of strong column and
weak beam in order to investigate the seismic performance of the endplate-bolted joint of concrete filled square
steel tubular with a high-strength core-to-steel beam. A pseudo static test was conducted to investigate the
failure mechanism of joints and the effects of axial compression ratio, FRP thickness and the presence of high-
strength core on the seismic performance. The behavior of joints before and after replacing steel beams were
compared. The test results showed that all specimens eventually failed due to the formation of plastic hinges at
the steel beam ends. The joints showed a high bearing capacity, good energy consumption capacity and ductility

under this failure mode. The joint encasing the high-strength core exhibited a higher bearing capacity but smaller
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ductility. The initial stiffness and energy dissipation capacity of the joints were improved as the FRP tube
thickness increased. Compared with the original specimen, the energy dissipation capacity, ductility and initial
stiffness of the beam replacing specimen were smaller. The deformation analysis results showed that the
composite column in the panel zone of the joint mainly undertook the bending deformation, whereas the shear
deformation of the joint was mainly carried by the beams. The joints were classified as rigid joint according to
the initial stiffness.

Keywords: composite column; concrete filled steel tubular column; beam-column connection; endplate-bolted

joint; seismic performance
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Fig. 2 Detail of joint specimen
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Table 1 Test specimens

[ERCR Re HEFRSFoXbXh RSN A SR /mm FRP )25 % [ a7 28 /KN
J-10-0. 3 0.3 100 10 1382
J-10-0. 6 0.6 100 10 2764
250 mm X 250 mm X HN300 mm X 15 mm X
J-8-0.6 0.6 100 8 2751
1950 mm 6.5 mm X9 mm
J-8-0. 6-C 0.6 100 8 2751
J-0-0.6 0.6 0 0 2282
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Table 2 Material properties of concretes

- iﬁwﬁmﬁ% ilﬂflli%ftliﬁifﬁ P A
foo/ MPa f./MPa E./GPa

UHPC 160.5 141.4 45.2

CA0TR I + 46.5 35.3 32.5

x3 WA
Table 3 Material properties of steel

_— WAE JEIRREE £/ PURCRE S/ JEIRIL

£ /mm MPa MPa i/t
i AR 0 9 il 5 272.75 403.78 0.68
Y SR I AR 6 289.73 431.51 0.67
T 8 334.99 462. 34 0.72
R % 9 240. 08 392. 70 0.61
Ui B 25 307. 61 435.89 0.71

<4 GFRP##iERE

Table 4 Material properties of GFRP tube

RO BB B B B

FLiE/ WIS I
e B WJE/MPa 8

3.13(8)2) 0.020 4 918.6 0.29

3.57(10)2) 0.0210 926.8 0.29
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Fig.3 Testloading setup

LA SR

I
W-1
W-5 W-4
Itk L w2 palidns
Wl | 8

(o=

B4 fBIHTHEFE

Fig. 4 Displacement transducers arrangement

Hf: mm

rer

300

9
4

090 -+ {9090
L
il
I
:714‘
i

e ot .;‘;. i

Ca) Bl IE T W AR 7 A

(b) B T AT

78 A

230

230

AL mm
(c) JHE IE 7 Th1 B A% 1 A

Bs NMERBEAR

Fig.5 Strain gauges arrangement

HEEREDT

2.1 REME KRB

FE I Ao A v, A% a0 0 0 % 2 A ket
LA  BVARE F 4 5750 T R4 4P
WA, RBTEE SR LEGEE L wR
AR B AT . AT 4 RS /N £ 24 mm,
BN 1) 157 8% £ /N T 1. 3% IF, £ 34 24 40 T v By
E&%%ﬁ%%%ﬁﬁﬁf+m~+mmmZMN
FA M R Y SR KRR G SRR E 25
H’E*fi‘/ﬂf\thf)u?mw‘z%ﬁ PR X IDIE TN
A4 58 R O 4 B K F 40 mm B, B T8 S
BORT, i MR A 22 5, MR 5 PR .

[\8)



% 64

M, 5 . NESBRCHEGTMNETRE LA N R M- BAEED SR ERE 63

A PR 3 R B O R G S, bR I
L AT S B KPR s T R
0499 5 S o A8 S ) B, S BOR ) BT AR Y
IR o 8 2 R S AR 24 0. 5 A% B2 v A0 o2 R
VB, W RUREB I T R 25K A 2 ok 5 4 A A
BAE BE 3 B, 1 A R A R R R AR R RS IR
BICALTE R EFoC 8 o BT B0 AR /9 38 i, 35w

S 0 000 Y T B 5 S JE IR, AR R R OB B, 2
Jev, A6 it g A B A PG A S M A [R] — i A
B R R o R IR SR A 55 T F AR AT A
Bt P, 2% v 08 P B S8 A AL, R S 2 B X
A BUAR A il Ul W0 A Hh r0 45 2R O 1Y S P e
9 BR o A F e B IR TE A5 W 1RT 6 i s

x5 HKBHH

Table 5 Test phenomenas
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Fig. 8 Load-displacement skeleton curves
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Table 6 Test results
. - M/ Em/
WS I A/mm 0,/rad A/mm  0,/rad i “ P/kN P, /kN Py/Prax
3 3 (kN-m) (kN-m)
+ 39.1 1/46 80. 1 2/45 2.05 191.9 208. 4 0.92 225.3
J-10-0. 3 2.50 196.0
— 24. 4 1/74 72.0 1/25 2.95 143.8 188.4 0.76 208. 3
+ 31.4 1/57 68. 4 3/79 2.18 178.6 189.5 0.94 226.6
J-10-0.6 2.28 210.4
— 29.3 1/61 69.5 1/26 2.37 168. 4 195.0 0. 86 241.8
+ 34.5 1/52 74.6 1/24 2.16 190.0 196.8 0.97 242. 4
J-8-0.6 2.24 278.2
— 29.6 1/61 68.8 1/26 2.32 159.4 184.1 0.87 243.5
+ 35.3 1/51 64.1 1/28 1.82 191.2 197.6 0.97 242.3
J-8-0. 6-C 1.59 205.6
— 45.2 1/40 62.1 1/29 1.37 195.1 196.8 0.99 252.8
+ 33.2 1/54 73.5 2/49 2.21 163.9 174.6 0.94 214.0
J-0-0.6 2.56 232.5
— 25.3 1/71 73.7 2/49 2.91 150.5 185.7 0.81 233.9

TE « Py A I U8 BT 235 M, o A 228 00 08 LR 0 X 107 9 35 AR 258 5 A L0, 20510 DA s 2k 380 Jem ARG g 00 1) 7K S 02 8 K S5 3% 8 5 Py R He
XS R B9 7K A7 285 A, 0, 23 590 A 1 0 A R A 280 8 7 ) 8 B K 6 8 AN S 2 4% A B BRAAT B 0.85 P 5 e S T A 3 B A AV S I 4 S
PR B ST AR = A /A, s p oA P IE B (088 S 4 3R RO P 3906 o 25 U F B RE

1.05

1.00
R 090
4
085}
=
o 080t
X T -10-0.3
B 075 —*—J-10-0.6
—
070 F 1-8-06
——]-8-0.6-C
065 ——1J-0-0.6
0.60 A N N S S S T
0 10 20 30 40 50 60 70 80
i/ mm
E10 EEIR{HL

Fig. 10 Strength degradation

FEIZRRIEE/(10° N/m)

020 0 40 50 6 70 8
AiFS/mm
E11 RIERE
Fig. 11 Stiffness degradation

FE RE U B & 5 SO AR BB IF R BFERE R T 0L
PR, BEWTEAE Y B4R 1 S AR A9 AR BE BE
715 v il T HE AR 25 2 SRBRFE R e S FERE S R TR
B IR P KA 5 7R AR RN BT 8 T % FRP 4
JZ BN 2% 9 fr 48 R RFERETC 3 R, {H FRP B )2
B2 i IR B RE RE 5 S 40 SRR O A A X A 22
PRt , 2% 9 RARAE RE ALE AE RE /N T a1

300

N
8 2
S S

FPHERE/(KN-m)

-10 0 10 20 30 40 50 60 70 80

A8 /mm
E12 Hil4RRFEaE

Fig. 12 Cumulative energy consumption of specimens
T B RE RE 1 8 Y SR 5 RORG il FELJE 2R %8 A

g4

E

13 EYHFEERBETER
Fig. 13 Schematic diagram of equivalent viscous damping

coefficient

AT VRS, Hoa b Bk i B 13 fak (1) s o
1 S(UF(‘+(‘EU)
h, = — o BECTCED)

(1)

27 S(p et Ao
AR 251 4 55 ZOR T BHL 2 R K2 i Ac-A il
2, 14 s o S A E R AT, U1 B0 (25 Ji Bk
Ko, (D B 20 B (=R 8 T A7) 522 2 PR I, T (i
([EZ O NTTR AN = £l W B K a3 | Al 7 NI e



% 6 M MR L,F N E SRS ARE R LN E AR EEY E A 67

R X B, T BN B0 I AE ROR T B2 R B
Koo TRV, 300 5 42 fioh 2 458 0 % R 8 AN TR B8 £ P B 1Y
4 5% 73 B e S FE Al At J2 S SO 20T 1 45 RIOKS W B
Je RBUE K E I . #E3k B8 IR A, 4 1-10-0. 3
SR R NP =T R N (N C S (B3 NS 2K Y
BUR SF HoA il X 2 FRP R AE T S
TR BE 1 30 1] I Mk B0 IE L ARl LG R FRP 45 19 29 3
VE TR XT38 /0N, X 98 1 B B FE AE BE 0 19 STRR 3/
FENN 2 G A ) A1 L, FRP 4l J2 502 B 1k 4%
SR T BELJE 2 B A5 AR B DR A T 4 R B
RORK s BHLJE 2 B0CA P REAIR
2.3 TS
2.3.1 FEBRE R L >

FH T 20 B 7 50048 I A8 1 A R R i1 15
AT RSN A R R R R R A BB K A

A BB AR5 B0 T A 2 BRI 20 ) M2 b Ry AR
T RUBAE S BB 0 AR 2k 09 b s, 1) A R GE N AR
(BZH0) , 1) N R S0 AR (A2 ), 1 a5 304K A4 138 o) iy
AR AR W 16 BT n o A gt B b, A A J-8-

(@JwOGEWM@k w)ym06AHMﬁ

ks 1046+ +710°% 10°%" +
(e) J-10-0.3 iF [ #% (£) J-10-0.3 7 ) i 2k
+. 10 ] 10-%, +
+10% ‘ 10" +
(1) J-8-0.6-C IF il fim £
. ——09P, ---08P, —=-P, P, ---095P,(EH)F)

0.5
—+—J-10-0.3
04k —=—]-10-0.6
——1]-8-0.6
——J-8-0.6-C

——J-0-0.6

SRR FE R

0 100 20 30 40

. L L i
50 60 70 80

i F%/mm
B14 KHEEHHEFEERE

Fig. 14 Equivalent viscous damping coefficient of

specimens

------ —:%mﬁﬁﬁ

1
| A |
A
i
)
|
£ | ¥
|

E15 FREBNENTSTLIRER

Fig. 15 The coordinate system for analysing steel tube

strain in the panel zone of the joint
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Table 8 Initial rotation stiffness of specimens
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