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An evaluation of Elasto-plastic Characteristics of Beam-to-Column Connection
under Biaxial Lateral Force and Compressive Axial Load
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ABSTRACT It is well known that local deformation in a steel beam-to-column connection occurs by
beam flange force. In this paper, a numerical study was conducted to get important information on
elasto-plastic behaviour of connections stiffened by external diaphragm using a finite element analysis
program. The connections are made of circular columns and wide flange beams, connected with
external diaphragms under both axial load in column and lateral force. In order to simplify the expression
of P-Delta relationship of the subassemlage with bilinear model, the properties of the connections
were deduced by the analytical results of 32 subassemlages, which are the value of the initial stiffness,
the secondary stiffness, the yield load and the ultimate load. Finally, it was shown that the estimated
relationship of P-Delta is able to trace the analysis result very well.
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43 S RN 2029.5 — 633.77 —
4-4 175 30 [ 21372 — 651.66 —
43A 12| [12] 240198 | — 80131 | 1229.02
438 P[5 1897.61 | — 590.77 —
23B11 200 102955 | — 412.67 676
23B12 250 997.8 0995 | 41373 | 6627
2:3C1 N EETT U 0 118082 | — 451.96 | 7123
23C2 400 1173.14 | 6545 | 46408 | 7015
2-3B31 [350] 125853 | 7567 | 46748 | 730.3
2-3B32 400 876.19 | 69.72 4717 716.7

ooooooooooa
O00o00oooooa
o000 1unoooooa
0000000 von Mises
ooooooooleg

2200000

gobooooooon
goboooooooboo
goboooooooon
goboooooobod
gooooooooon
gobooooooon
goboooooooboo
goboobooobbon
gbooooboobd
goboooooooon
goboooooobod
gobooboogoog
gobooooooon
g300000o0o0d
gooooooooon
goodon 216.3 mm 0
goboooooooon
gobooooooon

2

/

9



6 : 14 T T T 3.0 j R
; . : : : : i
3 SEERCEE AR R P — . ° o :
- : . : : : : :
= \ 12 e T e 2.5 poTmTem R A
R R R R e R E L
™~ : < : : 0 : :
&3y R S S - TS) ESRERENE AN SU DY) SR SO NUPRUN
o * : : : :
[ ] ' H H H
2 -------.-”;5 ----- @ -t [ YRR —— e . E . E . E
1 = gL® i 1.5 ' '
5 10 15 20 25 5 10 15 20 25 1.0 1.5 2.0 2.5
RU ¢ R ¢ DU B¢
14 ' ' ' ' 14 : 2.5 ;
P e : o! :
E. E [ ] H E. [ ]
1 e A S | R ] B e e S
AN o IR [ - ;
B i s B e . % o .
L LY S LS e eses v ie s e
: . S : :
8 A i i 8 ° ' 1.0 ' i
1 2 3 4 5 6 1.0 L5 2.0 2.5 1 2 3 4 5 6
R (++hs) DO By R (1+hs)
030000000000
0.6 0.6 R 07 I
& & oogoo & oooono !
£ 05 R e S B L R
Z 04 Y S g O T
& = i i i i i Y e e e S e
203 R R °
B ool opoooooooooo | | 2 o o o o o %2
S 000D -0000000 0 O 02f
° ¥ nsonas S e
0 : ‘ : : : o ‘ ‘ ‘ 0 R
0 2 4 6 8 10 12 0 2 4 6 8 10 12 0 2 4 6 8 10 12 14 16 18
00000 &, (%) 00000 & (%) 00000 &, (%)

ugbooboobooobobooboooboooboooon

obobooboobboobooobomog
ugbboobuogbbooboobboobd
goooboboobobooboboobo
ubbooboobobooboobboobooo
gobooboooooboobobooooooobo
gbobboooboobobooboobbboo
ugbboouobbooboobbodoboo
OO0 (bocoooooOoOobooOooooo
gboboobooobobooboobboobooo
gooooboobooboooboobooo
ubobooboobboboobboobooo
ugbboobuogbbogboobooboo
OO0EO0ODOOOO0OOODDO 2.05kN/mm?
goodg

goooboobgobobouooboboobo
ubobooboobbooboooboboooo
goooboobgobobouooboboobo
obobooboobbooboobooobooo
UbellbUOODOODLOOODDOODLOOO
obobooboobobooboobobooooo

goboooooboo
gobooboobbooboobooobg
goooboobooobooobbooooonobd
gobobbobmoooooobboboobo
gbooobobooboboooboboobooogd
gobobooooooboogooobobooog
goboooboobobobboobooobd
gboooboobooboobooobooboobonod
gobogboobooobbooooaobbd
gobooboobooooboooboobooobooong
gibboobooobbooobooboobn
goooboboooboboobobooooDooo
gbe0boooooooboobobobn
goboooobogoo-3ogo3noooog
goboobooboobboobooonobg
goboobbbogboobbodgboRryg
goooooogn

oo0oO00OO0OO0OO0D0OoOoOooon
goboooboobooobbooooonoodg

3

/

9



1200 1200
Z 1000 Z 1000} 35
s < 34
B
= 800 & 800 i
2600 R 600 %1_\3-2
™ 2 -
;R 400 ,’R 400 -
D 200 L
5K 5 200
0 2 4 6 8 10 12 14 0 0
(EOORBER 5, (mm) oz 4 o 8 10 2 0 2 4 6 8 10 12 14
HOORHER §, (mm) EOORWER 5, (mm)
1200 1200 1200
Z 1000 Z 1000 Z 1000
= 2 z 23A1
7 800 = = 800
2-3B3 A 800 23B3 o 23
X 600 T >3BII 23B31 R 6 Ty 23 R 600
BN 23B1 23B12 2332 iy 2382 i 23A2
N 400 llh 400 ~ 400
L N N
5200 s 200 2200
0 0 0
0 2 4 6 8 10 12 14 o 2 4 6 s 10 1 u 0 2 4 6 8 10 12 14

HOORMBAER 5, (mm)

EODRBAR 6, (mm)

HOORHER &5, (mm)

gooboooo

JRERZETE 8, (mm)

P, (B75>3h)

PPN i

00oO00O0O0O00o0

gbooboobgobobuoobobodod
ubobooboobobobooboobooobooo
gbooboobgobobuoobobodod
gooboooo
ubboooobobooboobboobooo
gobooboobbooboobooobooo
ubooooobobobooboobobooobooo
ugboobobogoouoboboboooboboobod
obobooboobboobooboobobooo
ubboobooboobooobbooobooo
gooboobogno
ubobooboobboobooobooboboo
gbbobouoobbodoboobbodoboo
uboboboobobooboobobooooo
gbboobuoobbooboobbodoboo
gobgoboobbooboobo

0 Ko, K2, Py 000 P DO0OOOO
gobooboobooooooobooooo

goboobogooo

—x— R=1/30
—a— R=1/80
.0 —e— R=1/250
—s D— . — 5. (REBLER)
-3 -2 1 0 1 2 3

630

gobooooogn

00000000, 000000000 ROO
13000 0000000000000 OooOteg
goboobogbooobbooooabbd
gobooboogooog
gbooobooboobooboooboobooboonod
gg,0booobobooobbooooboobodg
gobooboobooobobooooonbg
goo
gboooboboooboboooboboobonbogd
gobooooboooobooobbooooonoobd
gobooboooon
onooooooooooobooooobooooo
gbogbobooboboobobobobd
gooog
goooooooooooboooobooo
gobooboobooboboobooobd
goo
gooobobooboobooboobobonbd

4

/

9



9.0
x10°
- [
& s
" 60
>
(o}
230
_Dﬂ .
# COV =0.0326
0.0 ><105
0.0 3.0 6.0 9.0

bR ren KR EL
O00000000000000000

900
g
< 600
=
E
1 300
R
Cov=00225
0
0 300 600 900
ﬁ@*ﬁ 'V{f‘él:% FEMP Ly (kN)

g1ugooooboobooooboon

000000000000000000000
000000000000000000000
000000000000000000000
000000000000000000000
oooooo

31000000000
032000000000000000[8]00
000000000000000000000
000000000000000000000
000000000000000000000
000000000000000000000
00o0o0O0ooo@oo0O

2.383 2.835

= 1.466 x 10° (F9)" (
Bf 0.409

cKio R®
El

2R +h,
7R )

£, 0692

x(p) (5

ubbooboooboobboooooboo
UOObFEODOO0ODODOO0OOooooon

4
4
x 10
g 3
2 o
54_\) 2 .
@
b
£
Ccov=0.097"]
10
0 X
0 1 2 3 4

FRAT R FEMKLzRV El
Dl00000000000000000

1500 ;
- .
Z S
=
£1000
Q.:s]
©
E
w000
&=
y Cov=0.024
0 |
0 500 1000 1500
ﬁﬁ*ﬁ'}'ﬁ%% FEM PLmax (kN)

gi1iz0oggoooobooooooon

0000000000000 0O00000On
ool=t*/12000000
0000000000000 00000000
%% I0D000DDoocovooooooo
000000000000000000000
32000000000
0000000000000 DO0O0OoOooQ
0000000000000 00000000
00 @DOO0O0o0

0.612

3
% =1117x 10° (B ™

a
B 1.225 t
f f
x5 )

t+h,
R

0.985

gobodbooooboobooooooog @
gobooobobwgoboobooooonobgd
gobodgbboooouoobboooabobd
goboobooboooboboobooonobd
goboooboobooooooboboobooan

5

/

9



3000onoooon
gbooboobgobobuoobobodod
ubobooboobooooogoob 3iag0ooog
ugboooobogobo egooon

0421  t+h 0% B, 0%

Dcad=3wuc%) (

) Cp

£ 0695
R’c

x(?" ’
oooooooobooooooogooon 3)
oudbo,00noouooogn
ogodogobobboobobnobobbobnbon
oooooobooobooooo
4000000000b
oooooobobobobbooooooooo
ugoooobbobobd@éuoooooboobo

_ t 0653 t+h s 0.297 ﬁ 0.161

CPLmax —3934(R) ( D ) D
. {0443
x (4

5 R0,
gddoooooooooouoooood @4
goooboooooodoooooooood
Oo0ooooooooooooooooooa
gdoodoodooooooooooood
O0o00oooooooobooooOonoi1z2o0
oooooooooooooooooooon
oodo

00000000000 O0000O0O0
000000000000000@WI@Oo0
000000000000000000000
0000O0[eO0000000000000Mm
000000000000000000000
0000000000004500000000
0130000000000000000000
000000000 G 000000

2
DDAP%zz)KA5DDDDDDDDD($

-1
=L 41 4141
DDDDK—(KB+KC+KP+KL 0oo,o

pOobDboonooooooobooooboan
ubobooboooboooboo
UDODO0Ke K Kp ODOUOK, OODODODOODO

ubggbouoobbooboobbodoboo

d
~
*
P
O
vKDDDDDD

L

K3F-J7 P (kN)

gigoogoog

120 :
iR
z %0 REIV-AR
S
= (IREIE 7N
BF 40
¥
0=0"
0 . .
0 50 100 150
AEZEAL 8 (mm)
01400000000
00MOo0ooOooooooOag
120
80 VAE )71/
[IREIEIPN
40
p=45"
O 1 1
0 50 100 150

KL (mm)

gis0oogoogn
gomooooobodgb 400

6

/

9



000000000000000(@0@0)00
oooQ

-1
_1( L? 1
DKB—L 3EIB+GAWB) 0 0ogodoo (7)
2n* [ H? e
1 2Dy h (2H + Dg)
Ko=+GA
PTK CQHL-DgD:)(2Lh-Dgyl) )
K
DKL=I7r ODo00o0oooooooood (o)

ubboAb0OO0/00booobooooooo
gbooboooooooooo s, c,pPOOOW
gooobooooobood
oboboooooooobo

gobooboobooooooooboobooonobd
gboooboobooboobooobobooboood
goboobobooobobooobogboobd
goboooboooobooonbooo
gogobobobbooooobobobooooooo
gbooobobooboboooboboobonogd
goood
goooboboobooooboobobonbg
gobooobooboooooobobooooonoobd
gobooboboooboooboobooobg
gbbobDomobooboobdnd General
yieldUOOOOODOMmMoOoooooobood
gobooobobooooooboboleoononbd
gbooobooboobobooobobooboood
goo.o0.0n00200 0000000 OoOooOd
goboooboobooobbooooonoobd
gogboodgbboooouogbooooabbd

gbbodgboobobugdgbooobouoobboobooaobbd

oocOooOOoOooooon . Lo 2 kA0 #FE K |, tEORRI T DFE P,
|:| |:| [I(r D |:| |:| |:| |:| |:| D D n=0 n=0.1 n=0.2 n=0.3 n=0 n=0.1 n=0.2 n=0.3
1-1 — — — — 258.39 241.1 23201 | 22221
gooooooooooo 12 — — — — 307.21 283.82 | 27376 | 26247
000oo0o00ooo 13 — — — — 371.83 | 35853 | 32028 | 31448

4

000000000000 1 73.19 60.29 4739 41.36 42828 | 41337 | 396.65 | 364.94
15 _ — S S 480.64 | 46352 | 44471 | 42223
goooo@ayuuoooog 21 — — — — | 33482 | 320095 | 30955 | 295.66
Ap 22 — — — — 385.1 375.49 362.7 347.6
00,=% 7, 0000 (11) 23 74.97 6237 50.42 3861 | 44612 | 43509 | 42163 | 40551
O000As K OOOT 2-4 88.56 74.14 60.06 45.96 498.8 485.64 | 47055 | 452.85
P y 25 — — — — | sa4722 | 53118 | 51356 | 49346
pgooboooooogdn 31 — — — — 407.76 391.7 373.81 353.15
gooooooooooo 32 — — —_— —_— 46106 | 44849 | 43227 | 412.03
goddoooooood 3-3 82.02 68.19 55.74 43.6 529.53 515.22 496.39 472.92
0200000000000 3-4 91.36 76.06 61.96 47.97 597.37 580.72 558.39 532.33
Ooooon 35 — — — — 648.63 | 62778 | 60272 | 573.58
2-3A1 98.96 83.02 76.87 62.18 54353 | 52772 | 49823 | 474.61
gooboooobooodd 2-3A2 67.29 55.61 44.36 33.15 418.41 408.4 396.42 381.9
0030000 2-3B1 63.81 52.59 41.64 30.77 402.91 390.5 37672 | 361.09
0014000015000 2-3B2 65.68 5433 4333 32.34 42514 | 41339 | 399.88 | 384.11
0[M]000000000 2-3B3 77.16 64.18 51.94 39.87 45277 | 44233 | 42922 | 412.84
4-1 _ — — — 568.85 | 53777 | 505.13 | 476.53
oooooooooood 42 — — — — 59338 | 569.47 | 54533 | 519.23
ooooooooooon 43 — —_ — — 63377 | 61119 | 58773 | 562.19
gobooooooooog 4-4 — — — — 651.66 630.67 607.77 582.35
|:| |:| D D |:| D D |:| |:| D D |:| 4-3A _ e e — 801.31 771.95 738.33 677.8
0000000000450 4-3B — — — — 59077 | 569.53 5472 522.94
2-3B11 — — — — 4126 375.62 | 35026 | 324.16
D00D00000000 (e meL :
- — — — — 41373 | 397.22 378.4 358.24
dodooooooono 23C1 — — — — 45196 | 4479 | 43271 | 41151
Ooo0ooooooooan 2-3C2 — — — — 464.08 456.9 444.4 426.45
Oo00o0o00o0o0oooo 2-3B31 75.67 64.39 53.5 433 467.48 458.6 446.4 428.95
000000000000 2-3B32 — — — — 4717 463.86 4503 431.46

7

/

9



O (kN/mm?2)

WS E

0.8
000000 (ep= 002
0.6
% 0.01
0.4
— 0.0
0.2
x 107
0
0 2 6 8 1 1.2

4
IAVER
Uisbdooooooobobobon

€p

2 600
-
S, 500
= 400
=
= 300
23 200
=
X 100
<

0

0 2 4 6 8
Iy w220 (mm)

gi7v0oooboobooboooon

120
ZLREEAR
/.ﬁ;

(INRIESVN

o0
(e

40

KFF) P(kN)

100
& (mm)

0 50
IKNEZENL
018000000000

120

IXIVEEER

9]
o

[ENEIEVN

40

K3F-F3 P (kN)

0=45"

0 50 100
KA fr & (mm)
gio0oooooood

gomooooobgodgnb 4500

150

LO.\L
1
S
i
£ 06 b
3 y=1-1617n \\'
F o4
=
X
~ 0.2
N
O
= 0
0 0.1 0.2 0.3
Ik n

g2000000000b0000000b

%10
S
-
%gw \
= y=1-038n
=06
Q~>\
=04
iy
=
02
sy
|
H 0
0 0.1 0.2 0.3
L n

Uz2100000000000o0o000o0

gobooboooobboboboobooooboon
guobobdoouooboboogbobood
goobooobooboobooddo.n,0.01,0,0200
gobooooboooboboobooboobonoobdg
goooboboobooooboobobonbg
gobooboobooooooboboooaooobg
gobooooooooooobooboobobo
gobooboooooobboobooonobd
gobod1rn2b0o00od
gogobooobbooobiazgoobd
gobooobooooboobooobboonD 8
gobomgobooooboobooobd
gboooboboobobooobobooboonogd
gbogbobooboboobobobobd
goood

oooooooan
gbooobobooboobooobooboobood

8

/

9



120
JSFIVBEIR  BRBEIR
2 80 /p%
4
QL
R (AINEISIN
B 40
¥
n=02 0=0"
0 1 1
0 50 100 150
Az O (mm)

gz22200000000000000

uboooboobooobobooobobooobo
gbooboobgobobuoobobodod
obobooboobboobooboobooobooo
000000~ =N/N, 00000D0DODOOO
000000000000V, 00000000
gbooon
goooobooo320bgoooboboooog
0ngo0.1,02,0300000000000
ugbboobuoobbooboobbogod
ooooobooooobooboboooboboo
ubooobooboooboboobooobooo
gobooboobboobooobo
uboooboobooobobouoobobooobo
gbobooobodgbood
ubobooboobooboboobobooobooo
ubooboobgobobuoobobodgod
gobooboo2ebbob21go0bogood
gbobo300booonobuooboobooobooa
goboobooooobobbooooooobo
uboboobooboooboobooobooo
oooo@3uooo@E@ouoooobooon
obooooboobooboboooboobooobo
ugoo
go220b0bo00bobooobobooba
ubboobuoobboobooobooobooo
gos 0oopooooooooooooboooon
uboooboobooobobooobobooobo
ugbgobouoobboobuoobbodoboo
goooboobgobobouooboboobo
uboboobooobboobooobood

oooao
goboobobooobooobooboobd
gboooboobooboboooboobooboood
goboobobooobooobooboobg
goboobooboooboooboooboobonobd
gobodgbboooouoobbobooaobbd
gobooboooooopbooooonobd
goboodooboobooooooboboon

goooooooooooooooobooobn
gboobgzoebobooboboooobobn
goboobooooboobooon

oooo
[QOoO00Do0o0o0O000ooooDooooon
oooooooooooooooooooon
oo0ooooooIoooooooooooon
000 32200 pp. 44-51, 1982.12

[2] E. M. Lui, W. F. Chen, Steel Frame Analysis with
Flexible Joints, Journal of Construct. Steel Research.
pp. 161-202, 1987.8

[3] S. D. Lindsey, Design of Frames with PR Con-
nection, Journal of Construct. Steel Research, pp. 251-
260, 1987.8

[4] M. Yamanari, H. Kanatani, M. Tabuchi, T. Kamba:
Participation of beam-to-column connection defor-
mation in hysteretic behavior of steel frames, Proc.
of 9WCEE, \Wol. 4, pp.175-180,1988.8
BlO0O000o0O0o0oo0ooDoooooon
000000o0o0oooooooooooon
000000 1300 pp. 229-234, 2005.11
OO0 00000000000ODO00000
ooooooooooooooooooooon
00oooo0ooooooooooooooon
000D00MmMmoooooon, vol. 38B, pp.475-
484,1992.3

[(lO0DO000 000000000000 000
00o0oooooooooooooooooono
000000000120 Cpp. 261-268, 2004.11
BlOoO00ooDooDooooooooooooon
000ooo0ooooooooooooooon
0000000000 0ooooDooooooon
0 3250 , pp. 67-73,1983.3

9

/

9



