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Abstract

With the increasing use of steel structures in practice, the research on the
behavors of composite joints with end-plate connection used in steel frames has
attracted extensive interests in recent times.

In this paper, the static behaviors of théshaped beam to column composite
joints with end-plate under the symmetrical vertical load was studied. The main
contests are listed as follows:

1 The finite element model (FEM) of composite joints with end-plate, which
will be used in the ABAQUS software, was developed. By the comparison
between calculated results and experimental results, the veracity of such
FEM were proved. Some key technologies, such as element selection,
preload of bolts, model of interface contact, material model and so on, were
discussed based on the three-dimension FEM.

2 Analytical models for the beam to column composite joints with end-plate
connection under monotonic loading were developed by finite element
analysis(FEA) software ABAQUS.The calculated results were verified by
the test results in this paper and those in the literature The mechanism and
failure model of such connections were illustrated by (FEA). By the
analysis of different parameters mechanical performance, also, the
influencing rules of joints in rigidity and carrying capacity, and so on.
which include slab reinforcement ratio, steel beam height, end-plate thickness,
column-web stiffness and the beam and column section size, were obtained.

3 In order to analyze the working capacities of the connections, some
parameters in the design methods of Eurocode 3 were modified. The
practical model of the relationships between bending moment to rotation
were also proposed and the calculated results were compared with the FEM
results and EC3 modelsespectively. The results of this research show:
The pactical model in this paper can also simulate the relationships

between bending moment to rotation rationally.

Key Words: steel frame; end-plate connection; composite joint; mechanical

performance; parameter analysis; practical model,;
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Kl 3.2 A TG HEARONS T AU A A OC R S
3212 TR ES DR

ML 3.3@)~ () Bl R A S8 Y g P& A a] DR B 2 B Y ) 3 AR AR R X

TGN 52 A0 55« AR IR AR 32 e X . DA R o AR A2 (1) N R &2 R IX . 1X 2 i T 4%
RS NR A A TG, Bt a0 I D EEROR, AR BN T R T R P S AR 3
DI EESE A o 1 B 3.4(a)~ (e)if 21 M g & AT LA R ) & 7 s )k
RIEXH B S5H G A & EERIMAG D TR A S /EH T S &
BN EERE R, R —HEE AR N ) DA AR TE A LK, JF HLAE
R R AR . AR . R RS MERI T HEMN I EFI SR,
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&l 3.3(a)5 3.4yt bbie nl &1, 78797 AU AEBIA R 3.3(a)t 3.4(a)yt 1 AR
JWAMREZ, XFEBREM TERANNTS S S TAE, 8 KT A3 E AL
LT R W B i T AR %, S TR AR YR R A P A B A Y A 4 A M B A B B
JI R RERTE. I 3.3(c)RI(d)rT LAFE H H T 4N 55 14 e sl g R A 6 A8 R DR T i o R
AN A 2 b JE IR AR . BB 3.3(APUBY AR AT N ) 2= B T DA TE . 4% T 48 K50 43
HAEHME TAERES, BB TRIEFMPIBIEN, MEA & Ot m— 1
BT RAET JR S0 130 0 T R, 3 32 B2 0 1 8 0 23 a5 V8 A 16 T e R B n 2 i Y.
s, WA N ) = K& 3.3(e)5 3.4(0)A LB AT 40, b 20 & 7 A AN 42
N IR G I RN 82 s DXIRAE XK, X R BRI N A B S 5 AR
sUPFED B, AHNINR T 2R X AR FRE, AR ) = E 3.3(9)
5 3.4yt T &N, AT AR R LN R XK K, JF B AT LLE 2
YA A2 DX IR AR A 8 4 i R, X R T B R MR SR IR S 5 T AEA N N
KT AR B, LT s R RNl R, (2 A1 AR S R XA N oK BT 2K
N )= K 3.3(h)5 3.4 LB AT 4, g B 20 A 1 A A R AR 1) N ) /N - AE 2
() st BT A R R AR Y ), X EERAS T AR ERP NG SE T %h, E£M
FAE LT, AR (98D T 2 drig i it bz 7, BRI LA 71 A MBS Y ) 2 /N T 4R AE
TR A AR N ) . N B 3.3(1) 5 3.4(eYWELE AT AN, AR AT A
g AR 3RS R, AL N g e [ 32 A v 7 v Al 52 s DX 3k, T AN HE 2 s AR T R 1) g
BRI ) ANAN 52 He DX A5, 3l A2t 5 400 G FH 32 119 52 4 DX Skt A B K N B o B (1)
LU T AERR N N R AN S 5 AR Ja R e i AR Y ) o A B SRR . R T
3.3() P LA Hh VR 45 - MR AR B T 0 28 A IR A A R Oy N SRR AN (AR N Dy AT HE
AL AV N, MR R LA R AAL T B T AR B .

S8, Miszes i
(hwe. Crit.: 75%)
+1._0&67=+03

3, Mises

(Ave. Crit.: 75%)
+2.400e+02 +1.0&672+03
+Z.Z00e+0E
+2.000e+0Z
+1.800e+0Z
+1.600e+0Z
+1.400e+0Z
+1.200e+0Z
+1.000e+0Z
+2.00le+01
+6.001e+01
+4._001e+01
+2.000e+01
+0.000e+00

+Z.400e+02
+Z.200e+02
+Z.000e+02
+1.5300e+02
+1.600e+0zZ
+1.400e+02
+1.E200e+02
+1.000e+02
+5.00le+0l
+6.00le+0l
+4.00Le+0l
+Z.000e+01
+0.000e+00

(a) A 42 A5 49 /LN = (b)Y Bk £ LR AN =
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5, Mises 5, Miszes
(Ave. Crit.: 75%) {Ave. Crit.: 7C%)
+2_8E7e+0Z +2.8E87e+02
+2._400e+02 +Z.400e+02
+2_Z00et02 +2.E00=+02
+Z._000e+0Z2 +Z.000e+02
+1.2800e+0Z +1.800=+02
+1._600e+02 +1.600e+02
+1._400=+02 +1.400=+02
+1_Z00e+0Z +1.Z00e+02
+1.000e+02 +1.000=+02
+5.001le+01 +3.001e+01
+&6.001e+01 +6.001=+01
+4_00le+01 +4 . 00Le+01
+Z._000e+01 +Z.000=+01
+0.000=+00 +0.000e+00
’ ’
(c) M A 1) B g (A 10 414 5553 F) S g
S, Mizes
(Awe. Crit.: 75%)
+2_400et02
+2._zZ00et0Z
+2._000et02
+1.500e+02
+1.600e+02
+1.400e+02
+1.Z00=+0E
+1.000=+0E
+2.001=+01
+6.001=+01
+4_ 001=+01
+Z.000=+01
+0.000=+00
B, Mises
(hve. Crit.: 75%)
+2.315e402
+E.134e40E
+1.954e+02
+1.773e40E
+1.592e40E
+1l.41Ze+0Z
+1.231e40E
+1.05let02
+5.702e+01
+6.857=401
+E.031e+0l
+3.285e+01
+1.420e401
(f) DUBTRRAT IS ) = &
5, Mises 3, Mizes
(hve, Crit.: 75%) (Awve. Crit._: 7TE%)
+Z_ 403402 +1.0e72403
+2.203e+02 +3.819e+02 fis===ui]
+2_003e+0Z +2.967e402
+1.2803e+02 +2.115=402
+1_a03e+0E +7.263e40E
+1.402e+02 +6. 41let0Z
+1.203e+02 +5_ELSet0l
+1.003e+02 +4. 7072402
+5.024et01 +3.855e402
60232401 +3.0032402 ==
+4 0ZZe+01 +Z . 15le40Z
+2_0Flet0l +1. 299402
+Z._0dd4e-01 +4_471et0l

(9) 7 R X ALK N =
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8, Miszes

thve, Crit.:
1Z.
1Z.
tz

11,
11.
11.
1.
+1.
+1.
18,
17.
15
13,

630e+01

S8, Miszes

(hre.

Crit.:

75%)

+1.140e4032

.3E6et0E
J153e+02

-000e+0d

5, Mises

{Awe. Crir.:
.1ld0e403
L0EQe+03

ThE)

(1&Ee+0l

SRR AL s ) SR R S T RIS

(i) I B B0 1 g = P

{hve.,

Z, Mizes

Crit.:
+1.
t1.
t3.
+a.
+7.
6.
+5.
td,
+3.
2.
+1.
+1.
t3.

44de-0Z

(YRR 0 1 T =

K 3.3 i Al & B 41L& A (NOB)RE 3K Y ) =

(@) TR R ) = K

() W #E N ) = B

L

e

ML 1

PR L
R

LT

ises
fAwe. Crit._: 7E%)

J2EEetlE
-158e+lz
S963e+lz
STE7etlZ
SE70e+lE
SAMetlE

J3E3etil
D002 +00

(A

5, Mises

Crit.:

+Z.
+Z.
+1.
+1.
+1.
+1.
+1.
+3.
+7.
+E.
+3.
+1.
+0.

TE%)
2L0e+0z

S53e+0l
000e+00
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8, Mizes
(Awe. Crit.: 76%)

+E2.42det0Z
t2.222a+02
+2.020e+02
+1.812e+02
+1.6l6e+02
+1.41de402
+1.2lzet02
+1.010e+02
+5.079a+01
+6.058%e+01
+4.03%2+01
+&.0E0e+01
+0.000e+00

(e) i AR N 1 = ]
K 3.4 HAHE 5 um BT U(NOAYR IR . ) = ]

B AN AT AL DY AT S, AR S T E A PR E S O T ik, AT
BERR 32 AR TR o BT 3.3 BB N g B A 2 5 4 o 2 2 LK o A R A
@2 — HeuR e A, S AR 52 B ) AR, AEREAR R AR TR K . A 3.4 BIR Y
73 B Fn A AN Y R 2 B P R A

3.2.2 HEEE AR AN FN Bh 3T T = 14 BE B F2 i

feguid X b, AR £ Bl ot T PR AT AR AR b A AT B & AL TEAT IR RAE
T BEAT T R BE T IR A 3 4 it o Dy RS A MRARC I 2 1 oF 8 2 S AR e 4 T
PERERI W, ASCHEA il T 8 4 16 Ml IEAT T LB M. AR 3.2 LA
A, FERRBOI M Al A A A T A AR W EERR B S A RCOR R R . K 3.6 4K
PRI 402K o
R 3.2 HEEMMBA T 289 F W

g | R W] 44 W1 i 0 7S G .
ol B may | JUGRE ) REES TYIEE
| |_No1 H 224.06 397.193 | AR, FEREARSZ R AR K
NO2 I 334.47 428.280 | N JE ik, B RGZ KB IEEK
) NO6 ¥ 219.33 395.404 | N E R, HEMEAR S R ARTEECK
NO3 H 325.82 429.660 | Wik, RTFREZIELEE K
g3 | N13 I 160.93 298.908 | AN R, KERE AR A2 R AR K
N16 H 208.1%6 335.370 | W R, BT RERIEB KK
4 | N14 I 140.48 217.820 | W E MR, AR R B ECOR
N18 H 173.78 273.205 | Wik, RTERGZETERAK
e | N20 I 109.46 184.730 | G4 JE Mk, AR R AR TR R K
N23 H 128.48 207.009 | 070 AR, B FR& R R LR K
6 LN21 ¥ 110.200 192.812 | i JE Mk, AR R K
N27 H 116.12 209.967 | MWk, RTERGZETERAK
2 [ N29 I 63.417 160.301 | AN R, AR AR 52 AR R A K
N34 H 93.280 158.099 | N ik, BT REZIELEE K
g |_N28 I 72.723 159.765 | AN Rk, AR AR 2 AR R A K
N35 H 111.56 164.398 | Wik, BT ELEZHRTRRA
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3.2.21 A& #FH Xtk

M 3.5 AT S0 I o v E Y 0 £h B BE 8 B 5 1 o5 T A A2 e (FE T
WUE LR A BRI v BN 2D BE 0% $ = T R D 4E W RE R R 2 D), IR HLR B TR
TR AR RS ER o BT AEAE R AN BCE TR I Sh ), BCAR Y R B
FIEER S AR W) A IR RN R B T B U 29 R AE R, BRI s AR 5
RG R IA o TR RAB AR TE A E, T, o DTS 3800 Wi B R0 R 48 00 A 80
PR, BRI T iR vt COmAE ISR MR v o (R B R) LA AR A A
KKRAEFER CHEMERE® 225 .

500 500
400 400 -
€300 | £ 300 |
zZ zZ
= =
= 200 200
= NO1 = NO6
100 —NO02 100 | —NO03
0 1 1 1 1 0 1 1 1 1
0 0.005 0.01 0.015 0.02 0.025 0 0.005 0.01 0.015 0.02 0.025
6/rad 6/rad
() 14 (b35 241
450 300
e 300 | c 200
Z b
< =
= 150 N13 Z 100 N14
—N16 —N18
0 1 1 1 1 0 1 1 1 1
0 0.005 0.01 0.015 0.02 0.025 0 0.005 0.01 0.015 0.02 0.025
0 /rad 6/rad
(c) % 34 (d3% 4 41
300 300
L 200 |
e 200 £
pd pd
= =
s = L N21
100 H N20 100
—N27
—N23
0 L L L 0 1 1 1
0 0.005 0.01 0.015 0.02 0 0.005 0.01 0.015 0.02
0 /rad 6/rad
(e) %8 54 (f¥5 6 4H
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200 200

150 | 150
£ £
E’ 100 | § 100 L
s =

50 N29 = N28

—N34 — N35
0 1 1 1 0 1 1 ]
0 0005 001 0015 002 0 0005 00l 0015
0lrad 6/rad
(9) 2 74 (h35 8 41

K 3.5 st d ZH 4 7 SR N ) 5 R N B B0 25 A - A ok RO LG 1R
3222 T BWIRER D

0.02

b X A B (1 508 I Ak e AT T 20 i () i AR R 2 5T R, AN 3.6 (@)~ (n) I A
SR N 7 PRI L G BRI 3 R A AR T 32 0 A O e R R B T R 5 32 ) UK T

AT JR R e

&8, Miszes 8, Miszes

(hwve. Crit.: 75%) lhwve. Crit.: 75%)
+1.061e+03 +1.061e403
+2.487e40Z +2.487=402
+Z.220e402 +2.280e402
+2.073e40Z +2.073=402
+1.865e+02 +1.865240Z
+1.658e402 +1.655=+402
+1.451et0Z +1.451=402
+1 24440z +1.2442102
+1.036e+0Z +l.036e+02
+8.291e401 +2.291e+01
46 218e+01 te.zlae+0l
+4.145e+01 13 %%éeigi
+Z2.0723e+01 -073e
+0.000e+00 +0.000e+00

e g — &
() AN N = K

2, Mizes g, Mises

(hwa. Crit.: 75%) (Awe. Crit.: 7L%)
+1.061e+03 +1. 061403
+Z 4872402 +2.487=402
+z.z80et02 +2.280=402
+2.072e+02 +Z.073=402
+1.865e4+02 +1.265=402
+1 6522402 +1.653=402
+1.451ed02 +1.4E1=402
+1 Zddet0z +1.2442402
+1 036et0z +1.036=402
+3.291e401 +5.251e401
+6.218e+01 +6.213=401
+4.145e4+01 +4 1452401
+Z 0722401 +2.073=401
+0.000e+00 +0.000=400

(c) T RUBR E BN ) =

41

(d) B 25 He B0 9 s XOR R ) 2= [



&, Mises
{Ave. Crit.:
+

+0.000e+00

TE%)

5, Mises
(hwve. Crit.:

+E.391e402

+0.000=+00

7E%)

5, Miszes

piTy

(9)

SRR AL s ) SR R S T RIS

B B ) =

(hwre. Crit.:

+1.3262401

(i) AEn 2 0 i 8 g =

8, Miszes

(hre.

+Z.
tZ.
+Z.073e+02
+1.
+1.658e+02
+1.
+1l.244et0Z
+1l.026e40Z
18

+E.
+4.14Ce401
tZ.
+0.000e400

Crit.:

427e+0Z
Z80e+0Z

26Letlz
4Llet0z
Zolet0l
Zl2e+0l
073e+01

75%)

5, Mizes
(Ave.

++++++++++++++
O P 0 R R R

Cric._: 7E%)
-87det+0Z
4872402
.280e+0zZ
-073e+02
SGeket0Z
LELEe+0Z
S4Elet0Z
JZddet+0z
-D3Eet+0z
S291et0l1
S218e+01
SlaSet+0l
-073e+01
-000e+00

-3

thve.

+1.2EEe+0l
+1.151le+0l
+1.045e+0l

+0.000e+00

ses
Crit.: 7E%)

3, Mizes
(hre.

N -
TEL
+2.072e40Z2
1.
1.
1.
+1
5.
6.

+E.
+0.

Crit.: 75%)

4872402
Z20e+0Z

o00e+00

(k) HRRRRAT N )=
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&, Mises
lhve. Crit.: 75%)
+Z.350e402

t2.1le7e+02 ’ ﬂ
+1.38Ee+0Z
+1.802e+0Z
t+l.620e+0z
+1.4372402

+1. Z55e+0Z

+1l.072e+02
+8.899=+01
+7.073e+01

+5. EdBe+0l
+3.423e+0]
+1.538e+01

5, Mizes 3, Miszes
fAve. Crit._: 75%) (Ave. Crit.: 75%)
+1.061e403 +2_3E0e+0Z
+3 756402 +2.15de 0z
+8.902e 402 m +1 555407
+5.DEDe+0E +1.763e+02
+7.137e402 +1. 5672407
+6.3ddet0Z +1 3720407
+5.491 407 +1.176e 0z
+i. 6370402 +3. 8032401
+3.784e 402 +7.2472+01
+2.931e 402 +5.8902+01
+2 078402 +3.93de+01
+1l22Eet0z m +1.377e 401
+3.718e401 +2.027e-01
- . o B —
(m) WRAR 1 R ) 2 (N IR B ) ==

Kl 3.6 AF 0 im0 W ) s AR 4 5 T AU(N L) IR B ) =

H Y. ) 2 B 3.6(e)(f)rd &, AR Y 19 ) 40 A 52 4 e ke, =Bl TR AL
EAE AN 0 1 e Bl )RR TS . N ) = B 3.6(g)RT AT, ALA T A i B Y,
N EELEPAENRE T RS2 R, W2 ERGZRX N ARIRKA, FEE
RN AW ZE 7528 TAE. NI =B 3.6(h)r 4, R LER R 27
M RURAE TN 8T, HERARE RO TARES. N = Bl 3.6(i)n] LA
B, AT RV RE BT B GO N AR IR I Eh A A Y ORI ) R Ak
SRR AN N B0 AR I Sh W Ak, 1 R 0 £ M N AR A i B R
25 K 43 R AR AR P 1) 9 1) A 57 B2 b RN SR R B Y A A B2 R DX e ok A 4
i A Sh P N AR /N, AT AR s it B IEAE R E . N T = K 3.6(1)
A CLE W, 9 BT BT B Y ) A RAR K, SRR — AN PUBT AR AT NV O ROR
T adasbil, AN NEPIRS, HEBARE R E AT T/ERS, &
BT RIISEEPBIAEN . BN = B 3.6(G)(K)RT 50, AN B2 52 Ak N ) 4
SR T S S W R e SO o e s R D S S S ) 1 K O e e A A P S e
3.6(m)n] W _EHEE A 2 IO, AH LR R R B kA AR T R, Bk Bk
FEACTEFAPE TAEM B N 1= B 3.6(n)n] LA Y, A h B ) A G A 382 2% 31
TARGF 29 AE FH 1 i DR R Y ) R v DRSS S AR Ko AT AT Rl i 52 1 A
T0 20 W e % B I5 1) o503 T R 0 82 0 PR e CHE T R0 vk bl s & B v B 2h T g %
P v T AU o BE AN RS o HLARR B T A 1R AR A R el A ) I AR R S 3
Pum N ES, R THURRIETR R RS R M.
3.2.3 B4R B FE i 15 45 A B0 BT

AT 53 B v AR ) B R 0T T A A N R AR AR R NI RS AR I S e, 6 ik
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v T 128 AN R B 2K i AR B, 0 A AN [R] 18 S A5 R 1 Y R N b BA R AN
TN Joly g o S A5 e AL Y PR A R RE R R
® 3.3 WA I 0 B 45 R KB RFAE XS UG Ol . 3R 3.3 W) LAF M A
JEEXS T /52 T MEREAT S W, (R W A RS 3, S A5 SR RN, XY RS K
B 54006 e Bl I RE 52 i AN 2 AR B A2 o 3R 3.6 9 AR SR A B vkl AR A RO B 4l R
#33 ERHEREEHMKGLITLER

A || RS 145 W) IS A TR R
2| me mm kN-m/mrad kN-m =
NO2 | 200x500%25 334.471 428.280 . _ X
1 )(/WT‘ ,‘{ﬂj\ ;‘i'é )—‘l»ji/\}—<
NO3 | 200x500x20] 325.872 429.660 TR, BT REZERP BN
- NO7 | 200x500%x25/ 333.859 535.557 | AN JE R, BFEZERZIEBER
NO9 | 200x500x20, 333.086 537.203 K, HERZEZERK
NO5 | 200x500%20, 301.829 504.493
3 5 s , YTk 3‘5\12 pav < AR 555
NO8 | 200x500%25 305.666 503.968 LRILEIEEE SR S 2 LRSS
N10 | 200x400x15 145.624 235.439
N 3 , M % B AR T
4 N14 | 200x400x10| 140.428 217.820 B A AR SE IR AT AN
c N11 | 200x400x15 177.746 306.240 | W R, B F M %52 5 AR
N12 | 200x400x10| 149.507 318.498 K, MR R B K
N13 | 200x400x15  160.931 298.908
| 775 = 2 [E AR T 455
6 N17 | 200x400x10| 159.163 288.340 B A AR RS IR AT AN
N18 | 200x400x10| 173.782 294.070
7 W 175 , R W% R AR
N19 | 200x400x15  198.509 305.100 LRILEIEEE SR S 2 LRSS
N20 | 200x350x10| 109.466 184.730
EN 4 . K 2 [E AR T 455
8 ™N21 [200x350x18  110.207 o281 | AR FEBLEUSE AR BN
N22 | 200x350x10| 145.670 258.290
X s , | 7, < AR 2 555
9 N25 | 200x350x15 110.119 250.148 B R RERRAR S IR AR AN
N28 | 170x300x15 72.723 159.765
10 | 775 = 2 [E AR T 455
N29 | 170x300x10| 63.417 160.301 B A AR SE TR AT AN
N30 | 170x300x15  86.660 180.811
X s , | 7, < AR 2 555
11 N32 | 170x300x10| 78.473 183.051 B s RERRARCSZ IR AR AN
N34 | 170x300x10 93.280 158.099
12 )(/WT‘ ,‘}ﬂj\ ;‘gé)’—ﬁ» ‘/\}%
N35 | 170x300x15| 111.561 164.398 RIS SR A 2 RS

3. 73 59 g AN [ i A 5 Bt 2 45 1 R IS AR -He A R RIS M i 2. WAL &
TR IR I R S AE R AT DU S ARSI AR A e T i RN I [ R i R AR
AN, R A S AR A IR B M o REOR AR T R AR R R L
TR BRI, R OR R S AR AN RS IA B e AT R N, G S O o i
AN, W N D R D I TR B G SR, RN A AR e i A A B O
A 3 GOR IR AR 1 B, IXAE TRE v P R AR, 5 20T o AR S REAT — AN L
WA BB A7 RS B8 EDW A5 21, 8 K i BT J3E 619 R 400 s M P
A 5 R 1K) DT R AN O, TR T 25 79 PR R IR R 2 RE 0 (R A o A IEAR I i)

AR
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=
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0 L 1 1 1
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6/rad
(9) H 74
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g500 |
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1 NO9
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O /rad
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£ 200 |
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400
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=
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300 200
£ 200 | _ £ ,
< Z100 |
s
= 100 N2 ——N28
50 H
N25 { N29
0 1 1 1 0 /
0 0.005 001 0.015 0.02 0 0.005 0.01 0.015 0.02
Q/rad 9/rad
(i) o4l (3 1041
300 200
150
. 200 | £
= £ 100
s
= 100 F — N30 —N35
/ N32 50 N34
0 ] N N N N 0 1 1 1
0 0.005 0.01 0.015 0.02 0.025 0 0.005 0.01 0.015 0.02
O /rad O /rad
(k) % 1141 (I3 1241

V) 3.7 SR R A [ I 4 T 5
3.2.4 ¥EHR B A ZE X 15 4 1 RE RO B2 i
T 2 BB 0 T R RE RSSO 0F BB T 441 3F0 AR (R I %
R BNIRAE, 407 AS () PR T 55 20 6 s A 32 B2 A A 40 A 1) T A PR RE P S . 3.4 31
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