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Nonlinear Analysis of the Connections with Reinforced Concrete Column
and Steel Beam using Finite Element Method
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Abstract

This study presented an modeling method for the connections in mixed structure with reinforced
concrete columns and steel beam using finite element method. The contacting surfaces between
concrete and steel are modeled using master-slave contact algorithm and the incompatible mode
elements were used in the steel tube subjected to bending. The characteristcs of mixed structure was
that diaphragm was used for transfering force from beam to column. The three dimensional nonlinear
analysis was performed and the analytical results compared with experimental results in order to prove
modeling method.

Keywords : finite element method, incompatible mode element, master-slave contact algorithm, mixed
structure.

1M & of U@ ugez M2 b FR 7z
e 738 FHY BX

d2d A2EE 23d. AAAdelud bk G4 Avga 9

J £

dES B4, 434 % AAYE DAL AT w9 2P FaE YAl 20 Aol Fe 2

& 72949 Aol 8753 Aok ole@ a7 2acEvAd 45 AvEd Gade 2E-¥
tEadun gty Fetaal + o] =Rl i@ EEF 19999 129 31Y7Al £ 3o
IR 2« B b B Bt O T I R HuiFalR 20009 3¥350] 2 A=E ARSIt

A - dgdigtn AFFAR w4, Tt

BRMARE RS =22 M123 H38(1999.9) 363



FEREYE o1& PP AT MINE Y

ME ol g3ted 2zt NS wEM 48T W 8

e

B dFolAe] HgR g2 JgH B HE
°“"1 gle] ALE YA &7l Ysted tholo}
€ =Ysigitt. a2z vy Mg o] &8k
| g EHE &rle dAM M 7Y #2Y
2 33 U A 7[YHere UE £F
HAR o] oA HEH dldte Ed4
(discontinuous constraints)$ 2§

-%% A% <¢2nglZF(master-slave contact
algorithm)?& ol &ated Uehfiglct. o1& &
FELAYPS ol &3 ¥AHAE M YELEZ2aPF
ABAQUSE AH&ate] s Astadnt.

o o
j}f -(u'. o
lo

—{N—tJlgmlomln 4z
i
-4

o

2. D o ey Wy

2.1 A& A4otA 54

OE_]H]-}-]OE _9_A4 A8
YL 6709 ¢ A
A A 7IL L? ‘s nzs
I Ak 2o A %gi 1}e}

|o
H
X,
£
£t
X g
0
D fir
A
_Jz‘,;g

£
e
(2

41 £
ox N A

on

X ol
2R R A o%

o K
e
do,

-Yljza

o]
s

3o

[0

ok,

!
o

ABAQUSe A E‘éla‘o}ﬂ A3l
W (surfaces)® d% L224(contact element)E
AHESte T 7HA] B¥E AlFsy, o F&Y
TAE A2 AN F AEARAC)E 2F, o
Ze dgez dZAY F Sl F-FT4 FF ¢
1 FS AHEse o 13 22 #AE R, )
Ee osH Zo] 48 F

=
28 1 F 2oy 55 Hye B

1) Zzte ZAHY Y22AL “F&(slave)”
d

AAF "F(master)” U Sojg Ho

364 SIZHMARXRDES =X HMI12M HBE(19¢3 9)

9) 34 AYe F EUYoz WYHA Pax
F&do 29y 3 g9 43S 34 EA

Z g3 F4oct

FA, FEWAML 9 Ag BIAE 2¥29 2
< HzZgA-ol4Az FA(contact pres- sure-
clearance relationship)& g3z Utt.
P& slolg) oA AR} 0¢ A Sel= 011 Az
o] &% 5T HdPo] bty A3 A
ol Al dele AFEF dstdx p° ¢Ee
2320l AgsiA "o =3 cWHEd FHAY
ooz F slel @is A37he FHol Honut
A FEE &y, T 7le] 84 Alojo] Fo] WA}
A =W 8o ddo] dolu] A Hob. A
Aoc @ Ex p’ #ol 28HE FEF4E 7 vl Al
"o},

o g N -{n

‘;/@ &4 oZ =N 98 WY S

‘ & W QuHoz AW
of dal ALY ohle} HYAE ALVt Y



T8 - § A -ol2ly

ko g o] R 3§ ARAloldle FE ZiAlo]d)
2 el FAZE U o BAe guke
2 EXY ZAdAAM 39 oz wHEHAY.
ABAQUSIAM 9 n}3 male I 2bs} o] o}
2 Ax ¢ & nsHc

olgig SAE i F-34 FE ¢n39 &
FEE 1% 39 YeidY. o] ¢xneEe 74 F
¥ (increment) 9] A& 4 A4 (slave nodes)
o] HZolu} Felidelol AeAE HES A H&2Y
goll Achd zZt AAel FEH2UE sk, WUz

welddel otd F&£2AE AAF o] YIz
A S AEsto] FP3 24 AR Y.

2243 A%

EFrx AR 2B 3 29 °] st
AUh HEed MM e F $ES v giE 3
=3t Hotd ASRAd g AFol ] ZAst
Al =l shear locking 84§ WAl8}7] st 23t
Sul7/f ¥4 824 (the second isoparametric
element), VA% 2= 8A(incompatible mode
elements), 7 HEE 0|43 MF Sujy) A4
84 (reduced integration linear isoparametric)
o] Apg3} e whyo] ol m vk, oElg 84
F £ °“‘-?°ﬂ"1c AN At A 23 o)
A WFE 948 AFSF R BUF Yo i B AR

st HAY B 945 AMRSlA M S YEd
% dwAQJA 134 84&(first-order element)s
39 49 o] & ¥ 249 didte 849 7}
A7 Aoz vepd £ gl Wil g4
A ¥shelolol ok A £ (integration points)S
SHstn FAHAAM 99 HHL 27 7é°]°ll H] 3

Z7ketel Q% 4uE, Wel WAL Bhad gz
S Uehlln ok 44 AR dAe va @
Ageel ckn AHeted Wl go) Wgol A
#AolNe £A2Ae 00 A 28 % A
Aol A48T FH4Ee A2 o)
42 WouA o] Wyl W dueAL
2@, geb 5 YAYREI) ohd AudYe
Sz WYe Yoy wEd 2e Po) yUye

oA &7l Astele o Be AUxE Hag
stAl "t WA B g4E a7 59 Zo] §
ol WAAHe FrhHQd WAMMAF Wg)EE
£ Z7l6le Adidnsg Aoy WeRcg =
o] Fo] AA| ¥MAE EYde Aotk F, 849
7F8E W9e Ao=lo] gl WHES Frlste
HAolth. F7Hd Afxe] F Ade g 93 ¥t
g o Arle AL AAsE Rojgp VY

-« -
£ 1o+ /’/—\\Nz L
- « AN
) (o) ]
a3 5 HIHY gy 22
2.3 2%

948 9 k&Y g wan e ZAA,
ooz A HAYFH wald A HE
(reduced integration)& o|&3slz 88AL 71
3ad 43 £2l= 84 (three dimensional
linear solid element)& AM&3lgch. &8 =A
422 & Von Misesd] 38 za2& o] &3y},

ADHMPEDES =2 M123 M35(1999.9) 365



FERAYE oS F ERFE YUY vNY &4

2.4 234E

£ E 848
3xd AE &Y=
solid element) & ol4atAct. Eg Fmo[dA A
2 3l Darwin# Pecknold®e 29 o] £31%

Hetdl7] fiste] 84S 7HAd

1, 33 2A02E 1Y 63 & Kupfer'd %

A4g olgstdn. ZaAEY & 45 $9-9
Y8 dA= 2878 21, ¢EREAANE Saenz
AV HogEse ol gisjA FIY =3k
E9] Agy}ao] w2 F&EAE 12 Park”
2d g o] g8t

“"crack detection” surface
4 N -
funiaxial tensjon
; N

S

niaxial compressign

7

iaxai!
ension

“compression® e
surface .
e /

“biaxial compression

a3 6 3zlE9| nia|xH

Saenz model
e

Park model
e

€ . & €
strain

Eo : ©427) Q4A+ Es © HoL3 A gdA%
a3 7 Z32ES YF SHT-UET

2azEsl ARAL VL wE AR
o} T~10%7At HEVAATE vl 79 2
)% AFAF el U8 2ol 7}
o. E@, 2AEd Fdo| PASY, WY

Ba@. ded Fdol 24D ol Fe Ay
A7&e o8] Tdo| il AFAe
A Zaggn s,

o?.'.o?;’.t)?ﬂ.
o fo o & oz o

Hﬂ

366 stRMAREEEE| =28 H12M H35(1999.9)

24 (three dimensional linear

stresL
o

Failure point
o’ <

“Tension stiffening”

—7 strain®

I3 8 23eiE9 F BHE-HIYT A

= Tgol WA HA d&A7 oY wetA
Z3E F¥2 AAMAHA(macroscopic) EATE
=d(smeared crack moel)'?g o] &3] Yehy
Aok, Badgrdel As zde Hd dH
7 HEE WAZ ZYH7] fFo FaEd B
2ol 92 W 849 g4 A7 wepA e
e U ol FAE AN dsid T
A HdE o] &8 Hillerborgzt #|t3 Wy
g o) gdld e Ze —474]&]2 st gl
733t (tension stiffening) A¥E a8t

6= [o du (1)
- M _ 26,
&= 2= L2 (2)

A7A, Gre HHAUA, & TAES
#E7H 0 AHIA S WEES, & 84 P4
0E 54 dol2 Urhag,

2542
22 Adugect gedol dasa Y4
ol el 2 Bryoz st Bdsin

24337 A



gold AFE WE o8 F-3& FnAFE
g3kl YEIQD, AEWe) o < S4L
Nz A7) ARE o) &da) A AFS P
& 0.65% 0.04f.2 7Pt

3. BHTE HHTY HIME HY

3.1 34 A4 484

B Ao AP #ae AFRUAM 7150
A4z E2rl 9 715BEF ol Ayl
1 27} dddez g AFPrdMel ugers
Adge] EAWE #Fsy] Y daEaE
27 AF By wuE JHRE B A¥AD

=P n Hollq AdsHEe dEL 48
@37] g8 riololzAonw wEAL. 18
A2 P28 FEAA Fe YAYED

2473 Astd £HsAT. 2¥9e B 4F
e £gT2 HEL AL Jegia Aok

A g A8AV2E £ 37oln AYA ws
2& Z¥}Te] F4, gtiololzde] Houwy
o], ¥ ZUA TAE W42 o 1 100 AY
Aol B3 2 PAEE, zZH 4EA AYE F19
JeRR gt

b

go K L o N oo

22 (D10
snEER

I3

a3 10 d8xe 2 ¥E o 44T

A AP FFHo EIYE 759 Eole
71% Astel A E AMdtn 1440mm, FEE
9 ~Me 2630mmzZ AU, JEdHLS
450x450mm& ok, ey, 1¥ 118 HAZ
AN Er| 5o W2AAE BT Aot 2E 4
Ao FEHez FANE A} FAYEV]F
dE 40mm HFez2 F 26709) DI0 wASS
W2 n, Z@L&e] A2 FIYEI|Fole WA
& W23 gtk F2L 150cmZolE 127)
9] D228 wlZskch. 18 129) gigAeg Cl-
D1-A1 A#AA) i HA 4%E JehiAel

5588882

Yoz apel
HEE Wy
ee

5855828

a3 11 H2 diz d4A

1 AEA M

AFAE | ac| te| ta| By | ts H] il
Cc1-D1-A1{12] 9} 12|150! 16 |71x4 44
C1-D1-A2{ 24} 9 | 12]150] 16 [ Sdddo| ¥}
SjcjololZW  FHepg
W 7ol ¥ %A ®ig}
29 mm

C1-D2-Al| 9| 9] 9 |150] 16

ac : friojop=R Fofdd Zoj
(PR AR

ta : ZrhojolZy A

By : HEUWA %

ts : AAE F0 T

D 450x450: %
T

C*E["—'—' '1‘—35'3
{ iy 350050x659

__.&__

a3 12 C1-D1-A12] AEH #at o x5

o
Hi
[
z
=
P
0B
o
o
1
Ho
1l

I M12H M35(1999.9) 367



FEaaY e ol &F THTE AN wHY &Y

g Z2AY Aa54s 23E A
BE4e 72z #29 #30 Yehhnt

E 2 ZXe Mz MF

SAAS | 3888 | ARAE | dNE
(t/cm?) (t/em® | (t/em®) (%)
PL 6 2100 3.24 3.99 24.3

PL 9 2266 2.86 4.03 24.1
PL 12 1931 2.60 3.70 23.3
PL 16 1936 2.82 4.42 24.7
D10 2040 4.21 6.83 13.4
D22 1975 4.48 6.59 18.0

E 3 232/E9 o453 MHEN

AANERE £ Ec
(kg/cm?) (kg/em?) {kg/cm?)
350 393 2.17 x 10°

32734z 2 2 g

B>
e

33 13 299 FAxA

agln, 2AEVSY AEe shel digt
Azrdez £ (roller)?l AAzAoR HE7]
o 715 Astye #YgAfEd x,yE F&d
g, a2ln Y 2de g3 2 HAY 49
AL nejsted BB FAMHoERE 1/2

[AA R <A )

w
(o
®
ro
Hi

AP 2 BES =28 M123 HM3%(1999.9)

S 84 ¥R 1 AAWA daAM Y BAx
AE o 2dgsigd. £ 84 £¥EE 29

140 vepd 2l

#H, 94 ASE Holx AR dsiM e stress
and strain measure2#4 Cauchy stress (‘true’
stress)$ logarithmic straing o] &3t} =
g 2 ETHTE ATEY #YydM = JlEtEgE o
484 2 A8A AL LS nYsidn @27

CEEE N

3.34% 2% 2 944 A3 v=u

FEFd dd a5-3¢ ¥ BAE 482
et vimg A& 28 15 ~ 28 179 YA
o & &7z Jq¥Ee duelorzde FHUY
< Hrlel dsl 23E 7159 #d&(panel
zone)°l o] dojuz A A7 WEol
-3 H¥4 BAAA He bt o] B
g HE7HE Y 343 vsd AAE Holm, 7
LEA A ANZae ddddes 2 YA
£€ ¢ F Ao

20 . .
. . . ) . .
.............. O
. \ . :
_——L_-l--J._J-'O__- =T - -—- -t .o
. ) . . . . . .
E"'.‘":“:"/? N7 Ay Ay
2 t ! 1] ] + 13
e 4 [ 1 0 [ O
g-s - -3 fo 2
-r - T - h Bl - - St Al Suliadi b
. . . s . . .
RN = e e e - - - -
. ) . , v ywn
PPN NPT S W - . PR R -
\ A \ ST ]
, ) . . . . )

ST 2H(%)

28 15 C1-D1-A19 s15-&2hHEZr 2



8t (1on)

-Gy "

)
SRR

~BYH YL B

o

a3 16 C1-D1-A29| 3t

8} (ton)

BUHAR)

8 17 C1-D2-A19) stE-S2te gz oA

Edy Wye HFeE Cl-D1-A2 A¥A
Zt BAdl W@ sF-AFE FAL viwdtd B3t
o ¥YE ZFAX = 22189 F& dez yg
Wk, 2482 3s M Zste] dmold AP E
SR} 283 AN FE3] A ¢7) o

£ Uiz gl ¥¥E9 &%
Ae ¢&2 22 Yde FE RIIARES 3
2n e FEAA ZEFHAA
o AFLF0o)H ZEE 2R dE T

210 JERHUCH

a2 18 HYEE 53 A

3488 - % A 0d¥

A A9Ed 28 A%

Wakol A G8 o Fo Wae UiHE Wx 7
¥ Boln Aoy, z7174l AolA A AR
701. o}

842 {ton)
Py
s

8= (lon)
2
3

-2§00 -z

88 (ton)

74

g
2
8
N

- zo)//$ 600 80pO 10400

LT - gl

- o4 Bt

STRAIN(X10°)

1% 20 2 ME BY HES-HHE WA

AN
N

\
-2q00 -v?\ po *5\ 3P0 40bD 50O

P

4.

X

Ly

4 &

AFANE B2

Fo7 ERTE
A3 ARA MHYYES 1P 349 14y

Bt

=

X

il

Koy

NEELL

+

Aol ekl AAsed u)

3 =2& M123 M35(1999.9)

E3YEZSH ABH=ZE 9

g

a4

369



FEaLYS ol 38 EFT2 P vH Y A

mlo

Fastd 1 #AH 71YE Atsidd
Zaz 23EQ Mg g Bz olFoa
HEW disfiy F-F4 HEF duAFE ol 43t
o Rdygsadnt. o ¢nIFEL F HAF: 24 F
H¥(master surfaces)™ Z&W(slave surfaces)
o] ddoz 74z} Holstod F-F&wo| A (open-
closed) AS® SHAGAAE 2 Yehlz Sl

EE, He AWE e 24d dEid g4 A
¥(fully integration)® 14 S (first-order
element) oM WA 4 = shear locking®
& LA, A v g4 dHE Az e
22 o/l ¥F 2k BAME dAEY & e
HAR B2 948 A3l a4 49 Ag @
3t £ RS U )

olz{g A 7IHE o83l ETFFE HENol
A vy sMZAde d¥AAst & dAFgE ¢
F UM FEHe YAL7)F(stress transfer
mechanism) & #sted 8351 2o42 £ gl
< Aoz #Addd,

ZAte 2

B A7E IRYAVARY BUU%R 200
F2A2Y AT FRAYFAAY Ade
2 o)%ojd Aeg oo FA=FUY.

1. BARELENEZRRE "HRCESE T2 RE4H
SEOHFREBD BRI T 5 VR
L' WEEHI 7)) - MEBEEERRE BAE
BANERE. 1994.12

2. ABAQUS/Standard User's Manual Version
5.7, Hibbit, Karlsson & Sorensen. Inc.

3. KRR, FO 1§, "B RC+® S¥HVLR
BREER AT A BEREIC B ¥ 2 8
Bz 2> 7 ) P TEERRSOREE, Vol.16,
No.2., 1994, pp.1247~1252

4. Zienkiewicz,0.C. and Taylor,R.L.. The

370 #IHMATRESE =28 H128 M33(1995.9)

10.

11.

12.

13.

. Kent,

Finite Element Method, 4th Ed. Vol.l,
McGraw Hill. pp.304~307

- HYE, weeasiy, 19 PED. M€ 1992,

pp.405~408

. David Darwin, David A. Pecknold, "Non-

linear Biaxial Stress-Strain Law for
Concrete’. Journal of the Engineering
Mechanics Division, ASCE, Vol. 103 No.

EM2, April 1977, pp.229~241

. Kupfer. H.B. and Gerstle, K.H. “Behavior

of Concrete under Biaxial Stresses’,
Journal of the Engineering Mechanics
Division, ASCE. VOL. 99, No. EMA4,

Aug. 1973, pp.853~866

. Saenz, L. P., "Discussion of Equation

for the Stress-Strain Curve of Concrete
by Desay and Krishnan'. Journal ACI,
Vol. 61. No. 9, Sep. 1964, pp.1229~
1235
D. C and Park. R., “Flexural
Members with Confined Concrete’,
ASCE, Vol. 97, No. ST7, Jul. 1971, pp.
1969~1990
B ., BNE—, 82— F DIERE
AT & RBREY, BRI, 1991
Hillerborg, A., Modeer, M. and Peter-
sson, P.E.. “Analysis of Crack Formation
and Growth in Concrete by means of
Fracture Mechanics and Finite Element”,
Cement and Concrete Research, Vol. 6,
No.6, 1976, pp.773~782
Kk, O, "Wea>2)—rdvbid
BRBEDTHRBEICHT 2, BELak
SHEE (L), 19944 9A. pp.1631~1632
FHHr 9 5A, VISHER #paaslEe 7]
THEEY BAWYE Alx® Bt 3T W
x. O KBRELekFLamBERAE A 178
2%, 19979 104, pp.1193~1198
(H4Ux : 1999. 3. 10)



