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Fig. 1 Calculation diagram
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Fig. 2 Ideal elastoplastic model
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Fig.4 Internal force state of the beam
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Fig. 5 Sway failure mechanism
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Fig. 6 Combined failure mechanism
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Fig. 7 Theoretical analysis model of the uniqueness of

the ultimate bearing capacity
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Fig. 8 Theoretical analysis model of the uniqueness of the ultimate internal state
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Fig. 9 Ultimate internal force state of the sway
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Fig. 10 Resolution of the ultimate internal force state
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Fig. 12 Arbitrary failure mechanism
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Fig. 15 Calculation diagram of the finite element model
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Tab.1 Weaken parameters

M T MRS H 55 25
RBS0 a=0 b=0 c=0
T 1 RBS1 a=0. 60b¢ b=0. 85y, ¢=0.05b¢
RBS2 a=0. 60b¢ b=0. 85hy, c=0. 20b¢
. RBS2 a=0.60b¢ b=0. 85y, c=0. 200
T 2
RBS3 a=0.50b¢ b=0. 65y, c=0.25b¢
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4.2 DEIAB SRR 80 PR T

(D) TH 1 F RBSO,RBS1,RBS2 % 4 #E 41
e SR A58 X 5 10 BR AR 28 0 PR 1R

ke AR IR SR BE £, Sy 235 MPa K # )
HAEBC, N 115 WA R AL R, A 1.0 5L
¥ 5 RBSO,RBS1,RBS2 % 4K HE 22 (1) | 55
AR (2)~(5) .15 3| % SN AE SR A & A 5] 5(b)
JIT 7 AN A 1 SR MILAS) BsF g A BR P 3R A (DL 3R 2).

k2 IU1TMUBHEANMEBEARD RS
Tab. 2 Ultimate internal force state of the sway failure

mechanism under condition 1

£3 TRITHFAEXEGRRAHS
Tab. 3 Failure mode and ultimate bearing capacity

under condition 1

MEZE S M,,/(KN+m) M, /(kN+m) M/(kN+m)
RBSO 685.13 685.13 685.13
RBS1 685.13 638. 26 707. 67
RBS2 685.13 497. 66 551. 77

152 2 7R 19 RBSO,RBS1 #1450 HE 22 4% PR N
PR M =M, (3 6) AN R, H i RBSO,
RBS1 BN AE 4L A0 2 56 [ FEMA RBS 9 51X
TSR R IR B 5 Ca) B 7R /Y 0 S B SR ALAG (98
PEES I IAEAE D . 76 RBS2 40 HE 2 4% FR P 71k
A, M <<M,, (X (6) 5 /£) , Btk RBS2 £ #{ AE
2y L 35 [ FEMA RBS 5 &% 25k B ik
Pl 5 (b) Jm B MRS B SRATLAG) (RBP4 H IR AE RBS 15
RO K RBSORBSL BIUHESL 1Y AH XA S HRA
@27 K RBS2 AUHIHE 2 (9 A1 OG5 S B A
(2813 53R 3 2% B HE QALY 1) % B 2K 4877

e 7R 2%
0 g Vi
HE 42 25 T SR Fu/kN
RBSO 0 M IR (U 1 5 B A6 A TEDD 212.92
RBS1 8% Wk IR (¥ M 4 Hh BRLAE A 1D 212.92
RBS2 M MR (YR8 B AE RBS 19 2D 189. 03

(2) T8 2 F RBS2,RBS3 U 4 HE 48 A IR 45
5 W FR R R #e T

B ) R 2 g S 100 kIN/m 8 261 ) i IR 5
BE f, 235 MPa R IE R C,. 0 1. 159K
MM AE R, N 1. 0,8 Ll EEIE S RBS2,
RBS3 AUFHE L i) H 55 Z AR A K (2) ~ (5) 5
(14) ~ (15) , 4 B 25 4R AE 2458 AU 7% 21 ] 5 (b) TR
W 1 SR B AG B A A PR P 7 R 28 (L3R ). #E
RBS2 .RBS3 #1454 HE 42 (%) 1 BR 4 g R A&, M <<
M, (R C6) T 1) My, > M, (X (16) A ) . [H
It RBS2., RBS3 # 4K fiE 22 3 /2 55 B FEMA
RBS 7 25035 1122 3Rk A5 I R 1 2 A SCT 2 1 A9 £h
FEH A, RBS2 . RBS3 U A9 AE 48 44 6 vk 52 Bl I
5Cb) T 7R (A AS e SR ARG

1 RBS2 \RBS3 B HE 22 (1 11 55 2 B0 A8 A X
(2)~(3) N (18) ~ (20) , 15 F| 55 4K HE 2 F HU J
B 6 (b) BT 7 21 6 i SR AL A B 1% B PR P 0 R
(W32 5). 7F RBS2 AU HIHE 42 (A BR 9 Ttk 2 s
M, <M, (R 2D &) M >M,, (X (22) R

F4 TR2TWUHBHEIFAMBERA SRS

Tab. 4 Ultimate internal force state of the sway failure mechanism under condition 2

HE4L 45 5 M,/ (kN + m) M, /(kN * m) M,/ (kN + m) M;/(kN + m)
RBS2 685.13 497. 66 692. 74 679.51
RBS3 685.13 450.79 697. 50 591. 29

x5 TA2TAEHAFNMRRAARKS

Tab.5 Ultimate internal force state of the combined failure mechanism under condition 2

HE 2 2 5 M.,/ (kN » m) M,/ (kN » m) m/m M, /(kN * m) M;/(kN « m)
RBS2 685.13 497. 66 2.36 486. 95 685. 87
RBS3 685. 13 450. 79 2.54 432.63 594. 83
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A2, PR RBS2 U 4 AE 424 52 9L IET 6 () T 78 1) 2
B SR AL A OB Mk B S v 5 R D). 7E
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D) M <M, (X (22) 3 £ . itk RBS3
TR AE oK S BRI 6 () BT/ 21 A i SR ML (O
BB MAEE 5 RBS 95 50.

1% RBS2 .RBS3 7 HHE 2 (9 #H ¢ 1155 S 40X
AT COIFFAFRN L 6 FF 78 45 B HE 42458 1
144 B 7K 2877
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Tab. 6 Failure mode and ultimate bearing capacity

under condition 2
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Fig. 16 Three-line stress-strain curve
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Tab. 7 Keypoint data of three-line stress-strain curve

KA Ji 71/ MPa A8/ %
1 235.0 0.13
2 270.3 11.93
3 238.0 17.00

A R e L i A8 B 2R AT R B Abaqus A R

I AN O ANG I = AN TR N T A T
C3D8R. FIH Abaqus £ B IT 7 Bt # A v 19 25 44
A Do A% Sl 3B AR SR AT I A Jal 4 o 8 A R SE Shy
25 mm . 57 AE P #% R S 100 mm. #E B von Mises
e IR T DO A AEL A Ak 1 T TR PR, 35 G BB O 8l vk
D) A5 1) A b AR TR ASE UL B R 1) 8 b R i R
Abaqus £ FR IG5 87 #1449 8 20K g 5 2E AT 1
N
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A4 53 B 25 KT ff 408 bR O 1 kINL 20K
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R 38 k20 B /)N 5 2 D N E 107 B
-G BRITITBIF LA I B ) 7K S fo 84 by 45 460 A8 A3
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Fig. 17 Stress state under different conditions
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Tab.8 Comparison between the results of finite element analysis and theoretical calculation

) WAL A BR oo Mz BR A& 2% 1 76 R ot e B R 48 B
HE R T £ 0 gp 1 PRI 2 %
ffot e SRR SRR R /KN R/ KN IR
i %% 1 38
RBSO A 236. 08 212. 92 —9.81
CHEE 450 PR A T )
i 7% 1 IR
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T CHB P 430 45 HE D o ’ o
RBS2 ) 207. 64 189.03 —8.96
: (3B PR BT RBS 3 5 ’ . a
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Design method and ultimate bearing capacity study of
steel frame structure with RBS connection

CHEN Tingguo®, REN Weibin, QU Jiting

( Faculty of Infrastructure Engineering, Dalian University of Technology, Dalian 116024, China )

Abstract: The limit analysis theory is applied to investigate the influence of the reduced beam section
(RBS) connection on the failure mode and the ultimate bearing capacity of the structure. Firstly, the
limitation of the design method of RBS connection proposed by FEMA is demonstrated. To overcome
the shortage, the uniqueness theorem of the ultimate bearing capacity is applied to the structure
subjected to both proportional loading and fixed loading. For the frame structure with a strong column
and weak beam, the uniqueness of the ultimate internal force state is further demonstrated. The
existing design procedure of RBS connection in FEMA is modified by a supplementary checking
formula, and a new design method is proposed for RBS connection with a combined failure
mechanism. Then, a theoretical derivation of the ultimate bearing capacity of the steel frame structure
with RBS connection is carried out to clarify the influence of the RBS connection on the ultimate
bearing capacity, and a theoretical calculation formula of the ultimate bearing capacity is obtained.
Finally, the theoretical result shows a good agreement with the numerical simulations conducted by

the finite element analysis software Abaqus.

Key words: reduced beam section connection; steel frame structure; design method; ultimate bearing

capacity; seismic performance



