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Experimental studies on hysteretic behaviors of steel beam to concrete
filled SHS column connections with stiffening ring

Wang Wenda® Han Linhai® You Jingtuan*
(1. Fuzhou University, Fuzhou 350002, China; 2. Tsinghua University, Beijing 100084, China)

Abstract: Eight specimens of steel beam to concrete filled SHS (Square Hollow Section) column connections stiffened
by outside rings were experimentally studied on the hysteretic behavior under combined constant axial load and
cyclically lateral load. The axial load level of the concrete filled SHS columns and the width of the joint stiffening rings
are considered as the experimental parameters of their seismic behavior. The results show that the axial load level of the
column has an obvious effect on both the strength and seismic behavior of the connections. With the increase in axial
load on the columns, the lateral ultimate strength of the connections become lower, and the ductility in displacement
and the capacity of energy dissipation also decrease. The lateral load (P) versus lateral displacement (4) hysteretic
curves of all the specimens with different width of outside stiffening rings are of a plump shuttle shape. The curves show
no obvious strength deterioration and stiffness degradation. The story drift ductility index p fluctuates between 3.00 and
7.41, the elastic limit of story drift angle 6, between 2.03 [6] and 5.30 [6.], the elastic-plastic limit of story drift
angle 6, between 1.78 [6,] and 3.90 [6,] , and the equivalent damper coefficient h, between 0.3576 and 0.5339. It
can be concluded that the tested connections in the study demonstrate good seismic performance.
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Table 1 Summary of test specimens
; (mm) No
(mm) n (kN)
) O - 120x3.46 1050
si-13 60 0.6 690
160x80%3.53x3.53 1500
1 ) 0 - 120x3.46 1050
sj-21 40 0.04 40
160x80%3.53x3.53 1500
11 . 0 - 120x3.46 1050
s§j-22-1 40 0.3 345
160x80x3.53x3.53 1500
) O - 120x3.46 1050
8 - §j-22-2 40 0.3 345
160x80x3.53x3.53 1500
o1 1 _ 0-120x346 1050
s§i-23-1 40 0.6 690
: 160x80x3.53x3.53 1500
) O - 120x3.46 1050
§i-23-1 40 0.6 690
NN 160x80x3.53x3.53 1500
N=No/ Nu, ) O - 120x3.46 1050
N N si-32 20 0.3 345
o u 160x80x3.53x3.53 1500
_ 51— O - 120x3.46 1050
. N, DBJ13—51—2003 : 533 20 0.6 690
160x80%3.53x3.53 1500
1 ( mm)

Fig. 1

Main-dimensions of the specimens ri(unit: -mm)
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Fig 21 A schematic view,of the testsetup
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Fig. 3 Failure section of CFST connections
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7(c) 3 cm , ,
3 , 7, sj-21
; ) 8900 pe ,
, 5000 pe ,
, ) ; 4800 pe ,
(@) (b) ©
7 P-g (sj-21)
Fig. 7 Lateral load (P) versus strain (€) curves of typical position
3.3 - 2
8 3 Table 2 Initial stiffness of connections
(10N m/rad) (10N m/rad)
(M)- ©® 5-13 2.0010 1.0016
No P sj-21 0.2338 0.1833
— _ _ sj-22 0.2894 0.2203
, |\/|J P(H/2 h/2)+N0(aJ an), h 5-23 0.3624 0.2653
) O 5j-32 0.2138 0.3284
, , 3 sj-33 0.2903 0.4335
8 , 2/3
) , 1/3
( 3 A-A )
2 , 3.4
Hasan  (1998) 1.
( 0.113x - -
10° KN m/rag )
; ) JGJ101—96
L] ) 1 [12],
@) sj-13 ( , n=0.6) (b) sj-23-2 (2/3 , n=0.6) (c) sj-33 (113 , n=0.6)
8 (M)- ©)

Fig:8 1 Moment,of joint] M-varsus ¢elative rotation; .cunves
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( 2004) = 4
9 Table 4 Ductility and energy dissipation
_ B(rad) By(rad) Yo g (kN m) he E
0 PA si-13  0.0117 0.0352 3.01 3.00 18.73 0.5002 3.1409
si-21  0.0175 0.0779 4.45 4.46 32.25 0.3576 2.2454
A, si-22-1 0.0118 0.0637 540 5.40 38.56 0.4680 2.9387
P-A Py sj-22-2 00100 00548 548 545 4137 04375 27475
P-A si-23-1 0.0108 0.0413 3.82 3.81 30.77 0.4390 2.7570
sj-23-2 0.0097 0.0442 456 455 29.08 0.4726 2.9680
P i P.=0.85 Prm "
sj-32  0.0094 0.0679 7.22 7.22 46.34 0.5008 3.1453
' A, sj-33  0.0067 0.0496 7.40 7.41 30.7 0.5539 3.4780
JGJ101—96
Py & Pux Dm Pu A, 3
E h,
h. E 4
4 L l
E
he )
9
Fig. 9 Determination for yield point of specimens 10
3 P-A he
Table 3 Typical points of P-A curves , heNVA, ,
D :
PUkN)  A(mm)  Po(kN) Am(mm) PykN)  A(mm) h, ’ h,- NA,
§i-13  39.04 1233  47.15 24 40.08  36.95 -
sj-21 3743 1835  44.46 50 3779  81.83 ' ' ’
s5j-22-1  28.69 12.4 39.72 40 3376 66.91 '
§i-22-2 3253 1055  41.66 345 3541  57.51 he 73 ,
§j-23-1 3059 1138  39.14 30 3327 4341 1/3
§j-23-2 3279 1018 4048 28.4 3441  46.36
s§-32 2112 988 3295 40 280 713 ' ’
5i-33 2203 7.03 31.68 24 2693  52.09
3 ' y 1
1 1 A}’ L] 1
Armx , )
A, ; 1/3
2' 1
A, A, : ( )
, H=AJ/D, «C ) ,
0 B=arctan(&V/H), H ;
6, 6, GB50011—2001 :
; e =6./8,, [6.]=1/300=
g 0.0033, [6,]=1/50=0.02,
4 3
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Effective width of steel tube in CFST columns
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