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RESERARCH ON PERFORMANCE OF THE SEMI-RIGID JOINTS IN PORTAL FRAMES
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ABSTRACT: The end-plate connection which has been widely used in portal frames is a typical semi-rigid connection.
The paper simulated the semi—igid joints of the end-plate connections by using the rotary springs deduced the formula for
calculating the internal force of the semi—igid connection under loads and discussed the influence of the semi-rigid
connections on the internal force of the portal frames. According to the numerical calculation of the cross—section of various
crossheams  which were included in 02SG518 —1  the inertial force of those sections with semi—rigid connections and rigid
connections were compared. It was shown that due to the flexibility of the connections the negative moment of the ends of
inclined beams decreased while the positive moment of the mid-span of inclined beams increased. Therefore the design for
the portal frame with rigid connections could not meet the requirements of actual stress situation. The results would
overestimate the negative moment which was transferred from the ends of the beams to the columns while underestimate the
positive moment of the mid-span of the beams. The semi—igid connections of the portal frames had a significant influence on
the structure force as a result the effect of the semi—igid connection should be taken into account in the analysis and
design. The proposed method was convenient for calculation and application.

KEY WORDS: structural engineering; steel structure; internal force calculation; semi rigid joints; portal frame; moment

rotation relationship

6 x10° kN*m/ rad

b # (50808096) ;
2 4 ( lzujbky —2015 - 173) .
° : 1978 .
Email: yangwenwei@ lzu. edu. cn
Chen 12017 -04 -21
26 2017 8 32 224



(2~ M=R-06 (2)
10) x 10" kNem/rad 1/6 ~
1/30 o
6
3
2 1
P :
M -0 M, = RKr\ayA (3a)
- (M-0) My = RKBH«,B (3b)
Kishi ~ Chen "Ry ~Ryg A.B o
3.
M
0 = 1
R (1L -(M/M)" " (D
" R M,
v n °
1
- 1
2
2
O = Osp + 040 + 04 (4) M. = 205 cos B * My, — (4a cos B+ 1) My,
0. = Pab( L + b) b 12a,0 cos’B + 4ay cos B+ day cos B+ 1
"7 6Kl cos B (8)
0,5 = 3E[M7J " = (4o, cos B+ 1) My — 20, cos B+ M,
cos 8 P Rajay cos’B + 4a, cos B+ 4oy cos B+ 1
Mgl
=— 9
Ors 6EI cos B ()
g (8) . (9)
4 3
(4) (3) M. M. o
My = R\ (0py + 04y + 045)
M, Ml 1
RKA{Pab(l+b) _4_73}..7 (5) 4
6l 3EI  6EIl cosp
_EI _EI __ Pab’ Mo - Pa’b 3 £
Ay = IR, Qg = IRy, FA T P BT R R =
(5) Ry, =R 1:10 [=h EI o
2M, (30, *cos B+ 1) + My ==2My, + My (6) °
B ( 4
2My(3ay * cos B+1) + M, =—-M,, +2M,, (7) 5 M = M7y =
(6) . (7) 0. 06¢/* M =0.07q.
Steel Construction. 2017 (8) Vol. 32 No. 224 27



(8) . (9)

£) L] 2 p— s} S . p— 2
M, = 20 cos B ¢ 0. 06q2l 2(4oz cosB+1) - (-0.06q°) _ 1 £ 0.06g1 = M7,
12a” cos™B + 8 cos B + 1 2acos B+ 1
. 2 — \ . _ 2
M, = 2a cos B 0. 06q2l 2(40{, cos B +1) - (-0.06q7) _ ‘ 1 £0.06q = pM,
120 cos"B + 8a cos B + 1 2acos B +1
M = ;quz -My, +F - %tanﬁ
1 3
gqlz - ( 1 - Ztan ,3) MCE
02SG518 -1 ¢
»
6. 7 o 6 n=M /M’
5
7 =M /M
0
Mg, = 4i0 (12)
B
1
‘1 °
F ;
’ 6
Ml kP
~ El 2El (13) 6. 7
(13) (12) .
2 o
M, = 4E—[(MCAZ - ﬂ) = 4M,, - 2F1 (14)
I'\"EIl  2EI :
3M,
F= 21 (15) 50% o

14

(16)

28

2017 8 32

224



HERNING G GARLOCK M RICLES J. An Overview of Self-Cen—
tering Steel Moment Frames J . Structures Congress 2009 341:
1-9.

formance of Steel Self-Centering MomentResisting Frame: Hybrid
Simulations Under Design Basis Earthquake J . Journal of Struc—

tural Engineering 2013 139(11): 1823 - 1832.

GARLOCK M RICLES J SAUSE R et al. Post-Tensioned Seis— 10 MAHBOBEH M A MOHAMMAD R B SHANABEDDIN Torabi—
mic Resistant Connections for Steel Frames C //Structural Stabil— an. Design and Analytical Evaluation of a New Self-Centering Con—
ity Research Council Conference Workshop. Rolla Missouri: Struc— nection with Bolted T-Stub Devices J . Advances in Materials
tural Stability Research Council 1998. Science & Engineering 2013(4):1 -12.
RICLES J SAUSE R GARLOCK M et al. Post-Tensioned Seis— 11
mic—-Resistant Connections for Steel Frames J . Journal of Struc— J . 2011 32(3): 35-42.
tural Engineering 2001 127(2): 113 -121. 12
KIM H CHRISTOPOULOS C. Friction Damped Post-Tensioned J . ( ) 2013
Self-Centering Steel Moment—Resisting Frames J . Journal of (1):34-37.
Structural Engineering 2008 134( 11): 1768 —1779. 13
LINY C RICLES J M SAUSE R. Earthquake Simulations on J . 2013 39(4) :507 —514.
Self-Centering Steel Moment Resisting Frame with Web Friction 14 ZHANG Ailin ZHANG Yanxia LI Rui et al. Cyclic Behavior of
Devices C // Structures Congress 2009. Reston Virginia: A- a Prefabricated Self-Centering Beam-Column Connection with a
merican Society of Civil Engineers 2009. Bolted Web Friction Device J . Engineering Structures 2016
RICLES ] M SAUSE R LIN Y et al. Self-Centering Moment 111:185 -198.
Connections for Damage—¥ree Seismic Response of Steel MRFs 15 ABAQUS
C //Structures Congress 2010. Reston Virginia: American So— M . : 2009.
ciety of Civil Engineers 2010. 16 .ABAQUS 6. 11 M .
LIN Y C SAUSE R RICLES J. Seismic Performance of a Large— 2013.
Scale Steel Self-Centering MomentResisting Frame: MCE Hybrid 17 . ABAQUS M .
Simulations and Quasi-Static Pushover Tests J . Journal of Struc— 2010.
tural Engineering 2013 139(7) : 1227 - 1236. 18
LIN Yingcheng RICHARD Sause JAMES M et al. Seismic Per— J. 2016 31(9):16 -19.
28 )
1
- J 2015 30(9) :23 -24.
2
7
J. 1991(4) :51 -59.
3 CHEN WF LUIE M. Stability Design of Steel Frames M . Boca
Raton: CRC Press 1992.
4 CHEN W F KIM S E. Practical Advanced Analysis for Semi-Rig—
id Frame Design J . Engineering Journal 1996 33(4) :86 -92.
5
0286518 1 I 2003 20( 6) : 65 -69.
° 6 M .
2000.
14 2017 8 32 224



