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Abstract

In order to study the behavior of reinforced concrete (RC) structures in terms of
strength, ductility, even their failure mechanisms, the common tool for most researchers
is a laboratory test. This method is expensive and quite difficult to implement, therefore,
nowadays the researchers turn to Finite Element (FE) Method. Even thousgh this method
would obviously be virtual, based on a computer model, it is considered as somewhat a
reliable and suitable tool for getting the primary data before setting up the full
experiments. This becomes a main objective of the study. This study is conducted by
taking advantage of FE method to analyze the RC structures named as RC beam-column
connection. Using commercial FE analysis software, ANSYS, the trial concrete model
(BOX1) was developed, and compared its results with experimental data tested at
Burapha University laboratory. The comparison shows an excellent result for elastic
range and acceptable for inelastic range with an error under 20% for the maximum load
capacity of the BOX1, and quite reasonable for the displacement. The success FE model
is comprised of elements SOLID65 as concrete, LINK8 as steel reinforcement and stirrup,
SOLID46 steel plate.

The FE model from the first part was modified for doing the analysis of RC beam-
column connections. Nevertheless, the connection models were not compared with the
experiments because of the lacking of available testing data. Therefore, the FE results
were interpreted only their trend and possibility with the theory and conclusions drawn
from other researchers. Total of 4 FE models of RC beam-column connection (CN1,
CN2, CN3, and CN4) were simulated with different details of the steel reinforcement in
connection areas, but keeping the dimension, length, and all material properties the
same. The FE models with longer steel extension into the column show overall
behaviors such as load, ductility, and failure mechanism better than the model with
shorter extension of those steels. Moreover, the steel reinforcing details of the beam-
column connection recommended by ACI318-99 are investigated. The results from those
details didn’t show significant improvement in the load capacity and ductile behaviors.
However, it should be noted that the FE models from this study successfully capture
only the confined concrete behavior, but not the unconfined one. Therefore, this might

be the reason that the models can’t present the ductile behavior of connections after



their peak loads, even though the improved steel reinforcements are implemented to
the models.

In conclusion, the FE models in this study are just the primary study. They
demonstrate the trends and overall behaviors of the beam-column connections quite
reasonably. Unconfined behavior of concrete needs to be further investigated, especial

for the connection model.

Keywords: Finite Element Model, Reinforced Concrete Structure, Reinforced Concrete

Beam-Column Connection-
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FmNTsulesn WIMedBy s wagvhnsliesieiuuudiaes dumanisiudatn dnsusy
#h uasdnwaznsisvesuuuiaesiuaitialdainnimegey anmsanuiuandisiuin
wuusnaesiWludiauusinosmunauninaiuminiiautusieugndeduseduiitun aunso
yinealumuiuang1y Alusudfanmemineusunsn wagmlunuiigageanldlndifos

ansagoU InellAnanuianainlidiiu 15 Weswud uenaniuvudiaosinludiamudds

WARSANWIIEMINIVBIATUABUNSALESUIAN o usiug InALAs e uNanISeEaUB N
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UNi 3
AMSWAIUILUUINaa9 W luddiuud

3.1 UNUI

nsimseilassad1eeiTinludauus (Finite Element Analysis) 1 W3SN153Aseiids
dnaviilddmiulunsudlotguiduimnsslasaeildfumuiey fusslovflunsinm
wginssulasadreiivszneulumeasmanendinfiunandneiu tnglifosihnisiinimaaey
segluripalfiRng sglsfinmunisnmsuszendldiSinludauuddesedbednudians
madsdimududou dmsumahauideiashnsinumginssulasadieu-aaounia
wsumdndnelusunsulludaunddnsagy ANSYS Tuundazthiauodunoumsiinseises
Tlludauiud msasauvudaodwludaund sindaundildiulasasanouninaduman

nszurumauitamine Tinlusauusiusnoudetunoulng 3 Suneu fie 1)
nsTUILNSTUY (Pre-processor) Lﬂu%umauﬂﬂsa§wqLmuﬁwaaﬂmu%ﬁmum“l,ﬁﬁgiji'm
wilpuituguselaseasng LLazﬁmumﬁaulmmm%’uLLamauwmi'm6‘] uludouniiounse
Tndidesfuiigmasdiinniigeisasinlugnissrasmmginsslassadsldlndifestum iy

FNnNEn 2) NFEUUMTIATIEY (Solution) Teyasine veslutunauwsn swgnaudng
NITUNITIATIZN LAZ 3) NTTUIUNMTIUHANTIATIES HANTIATIEAARATUIINTURBUT
2) axUsznaumsualiuduauin ifaunsedddlusunsuuansuaniaitu uss aaudy

ANLLATENA S¥UENNSIAGEUFAT Lagduq vunthisrouiineslalaense uansasulanmugun 3.1
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FEA

Preprocessor Solution Postprocessor
| } |
H  Element Type H  Boundary Condition B Plot Result
(viinveBhuug) (AruanUAveRAT9ITY) W List Result
B Real Constant B Obtain the Solution B Check Validity
(AnuanifvoBauud) m Force (439)
B Material Property m Displacement
(AuanTRvesTan) (Ansiadaut)

B Create Model Geometry
(Msas1eguirmuudaes)
B Mesh Generation

(N15851998LUs)

U7 3.1 uansusudsagunisiastevinae S lnludaumd

3.2 yinvasudiugonddn

3.2.1 ABUNTH
yiinvestiudutoy (Element Type) Middmsunsuninms Judrutosnuunass

(SOLID65) wandliluguil 3.2 usiasGudugos (Element) ¥89ADUNTALYNANMUAYUIAAIY

1% o o = o)

AMUNTIE 8717 Uazga memdeildlunisaingadegn (Node) Wavun 8 90 Asvyiduiaiaunsy
o 4 Y a awv 1 o w ' Sa o a

Andou uasdeBafiinuadgasianILLnL X Y wag Z amdau wiaggaiiinianudase (Degree
of Freedom) wirfiu 3 An3 fe dnMairfeundase (Translation) TuitAmiesnuuuiunu X Y uag

z
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frifnvisdym UMTINEIREYIN

i

p.usugy a.4ilae 3.9aY3 20131

UM 3.2 Judugesuuundas (SOLIDES) - 317 Mlddmiunounin

3.2.2 manesuuazwanyasn
invasbudiugos (Element Type) MdamsumanAe Judiugosluuuvia (LINKS) usias

Fudugios (Element) vauwinegly yailiaugn (Node) Sdsiidnvasyasianiuuwnu X Y uay Z
Tunmsadsiudiutosrasninazasisuiuyafiassiudiuges (Element) vasmounin Wunns
s uiargalinininudase (Degree of Freedom) Wiy 3 AinsAe dnsindeundasy

(Translation) Tu#iFmamaunwIuny X Y uag Z uansiagui 3.3

196 1639
0425 N{
|A

338291
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U7 3.3 Fudrugesuuuunia (LINKS) - 387 Nlddmsumén

3.3 ausudRvaedg

3.3.1 ABUNIA
TunmsimunuuudasdWludiuug auaudiivesmouninlunisfuusdnlubegenn

warutoUEIIN uaﬂmnﬁﬁmmamﬂ’ﬁmamauﬂ%mé’aLﬂuﬁhLLUiﬁﬁmmﬁﬁwLLamwa
nsenuEngAnssENsuLsvesuuaedlWludiiuug reundndutanifinumafiinadsy
uagsngAnssuTuansdeiy Wesuusadauasunseds audumunsifwesreuninunfavdl
ANUSEUI 8-15% Ye9inadusesn (Shah, et al. 1995) AMIBLSIBA- AIUASEADA
(Compressive Stress- Compressive Strain) 1utladsddgfdusvsvenisauaninsaluns
Suusadavesrounin fuandusuil 3.4 Juanadldsauduiasaseduniialudmiy

ABUNSMUMINUNG (Bangash 1989)
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/ peak compressive stress
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|

|

; strain at maximum stress
5 I

* - i Ly =g

.
€0 Een

—=1 O = maximum tensile strength of concrete
Tension

4
+g

JUT 3.4 nrvuanaduldsanudunasanaaioailudmivasunindiiminuni (Bangash

1989)

! v A t

= Amlugdatinnguuasnaunsn

KU

e

0w @ (Y

o, = Miafuusadngegaveneunin

o, = MdsuRiganvonaunin

0 = MNELIBATDINBUNTH

£, = ANAATEASA 0 YAgeATaIMasuLIsdnvesraunin
£ = ANULATEADAVDIABUNTA

£, = ANUATUABAZIGAVBIABUNTA

Turhanssunssdnvesmaunin namidulAsrnaAuLaAI AT EAYRIRBUNTAYLAIY
gaveudadunsifeUszainauioray 30 vaamdeiuusdngaEn nuAIANULALLALAY
muasearasrsunInazininTuwuulidudadunss wdihdsunsdangegavameunse

o =

(o) dulAsmnuAurssmauninaziidianas Jauanamaeiudavenouninizanadod19simsd
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TurnsfiruASIAYeIRBUNIATABE Y HNTU EIUANULALLAZAUASEAYBIADUNIAIBTY
usars nsdulAImLAULaTALIASEAYDIRBUNGRIsTinNEavuladunTITisn
FunuussRegean wdwngall rsuninesiinnsuaniTuasinnsislufige aubassuusedn

L4

Aeyqanalugud (Bangash 1989)

3.3.1.1 nsldAnqauantivesnaunin
AnuanTRvesneunsandludmiunisinseinuuiiaedinludfumden 1 dwioluil

1) MieTuusdnganveinsunina (Uniaxial compressive Strength, f.') Hushued
ANHANNTANISULSISAYDIABUNTH

2) Alugdatavguvasnaunin (Elastic Modulus, £, ) Wuaauduasdunsm
pyduiusseninseauAuiuaAtaesealut Eavey

3) AMAIRIUNTULIIRIRaIABUNSA (Uniaxial tensile cracking stress, ) ABuNIRilinga

2/ '
@ =9

FUVNULITIAIFININ 1RASUTEUIN10% YDIMIEIRIUNIULTIDAVDIADUNIALYITHUL TN

AMuIulAAINauns AC-318 ¢adl

f =1.8\/Z NN/ATAL. e (3.1)

AR LA
£, = AIMERUNIULTIAIUBIABUNTA
£ = mhefulsdngeganaunin
4) fdndnthvesdueinaunin (Poisson’s ratio, v) WuALandnEIusENINg
AT EALULLITIVYBYNABUNTAFUNSIRNUINARBMEANATEATULLILNLYBIUYISRDUNSA
JUNSPIUINATUTULSIER 2 nmMvedey reunInsTIualiadnTdwlivesduesmeunined
sewing 0.15-0.25 lunsinwnil fsusemdnaduthvesdveneuning 0.2 Tunslde

AuauURrBuNInvatLuUTaadlWludAwua

a o

5) Arduusyanomasiunsadeuvesmounin (Shear transfer coefficient, B,) Tunsldean

AaanRduUsEAvEMsRIhsussdourssrouninvzuianislandu 2 wuu Ae msldAuss
\@euieliiinnsieussAsunInIARALUUSIUISBY (Shear transfer coefficients for an open
crack (smooth crack)) uay mildausadeuielifinnsfsvesnounInlviiauuusunss (Shear

transfer coefficients for a closed crack (rough crack)) FuduAuanidnuuznIRIves
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raundnsousadeulnglulusunsy ANSYS fmundidaus 0.0 8 1.0 Befierumane sl deld
Adlng 0.0 szdunstauuusuiEeu (smooth crack) namAeidunisiewesnounIniasysal
fifinsieusadeunuvaysn dnldrndilng 1.0 Wunistswuusslinguuss (rough crack)
namAsllumswevasmeundniilaifinsaeusadounelunounin

6) ANANANNUS TE ISR UAMILATEASA BBIRBUNSH (Compressive Stress-
Compressive Strain) lEUNTIHLEAIAINAURUSTE NI NMIULTIOA-ANATEASATDIABUN TG
Tumsldrasilunuanneuninvauuuiiasaa ahuan 6 ydeudeiu Tagldaums
ANUAURUSAIAUAULAZANAIUASEATBIMDUNTANUNISANYIVEY Desayi wag Krishnan
(1964) uansliluaumsi 3.2-3.4 AusnezSufiquivesmiusdn-mnuesondavesnounin
udundsad 1 Adnunen 03/ Fulumuduiusvemhousida-munaioadnued
poundnluriadadu uazeadl 2 3 4 uaveadl 5 WugngeaeuesitoLsISAuBIABUNIAEHY

9071 5 Wasunsnazinnsithvesmounie wanslilugui 3.5

-0

1oy I ARG

4 .
5 GavoTdIIa
F A o=
/ |
7 (
E(‘ / 3 |
4 |
4 |
2 4 |
/ |
/ |
1 AIMATYARA A B Faa
0,30, k- | AT wie
! QRO NN YT I DA
! s
{/ YOOI IR
i : > g
1,(]
A 4
+o

U 3.5 sUuansdnynzdulArudius senineiiisus 8n-ANIeS EATAYBIABUNSA

Desayi U Krishnan (1964)
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o =—=F_ (3.2)
€y
& = 2 (3.3)
E,
E=Zc (3.4)
&

AUA LA

= MASULEngIEATaIARUNTA

{21
il

Alugdaiaveuveinaunin
£, = AVIATLATA U YAEEAVDIMRITULSIEAVDIABUNTA

MUIBUSIDAVDIADUNTH

Q
"

g, = ANUATIADAVDIADUNSH

7) NEU9INITRIVDIABUNTH

fudrugesuuundes (SOLID 65) Wlethanairuuuiiassmestagaounintusas
ymstvundnungnsiavesnauninde Fadnusensiavesnouning 2 wuu Ae anvia
(cracking) 3auanwn (crushing) feuswmidensundnldsulunuanny nueiniswes
pounTadlesnmieussdavosaaunin aunsaduinld (Wiliam uag Warnke 1975)
dnwaiznsiisvesnsundafifuuvvasiiiiuansisgy 3.6 fmmwddnlumsnszanesives
wheusadalufiamauuinny x uag y lngasueumunumedydnes o, wavo,,
puduluileYanfidunounin mauaninasintudiedinsnsyaesveseusei Ty

femafgiufumsieiifiatuniivmivesrsunin vaeniiiansuaninveailedand

«—

Juroun3audy mm@'w&jwaqLﬁ@%ﬁ@ﬁlﬂuﬂauﬂ%m yyimuaugudlufianisguiiy
fiamavesmiioussis Mafanisuaninasdntuieniheussdanssanefasasinni
fifinshuuenvasmounin lunsfnwaded msldmaugunisiesaaunindmiuiy
dwugoy (Element) ¥a3rpun3n (Concrete controlled the failure of the concrete

element) TagtlaA1 nswawuunen (Cracking) wasdammsiawuuwaniin (Crushing)
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9y

fr

Cracking Cracking

/- Uxp
JF

I

Cracking

dz > 0 (Cracking)

agzp = 0 (Crushing)

0zp < 0 {Crushing)

UM 3.6 gUnansdnuurnsiavesnsunIafiduuuuawdd (william waz Warnke 1975)

3.3.2 WANLESY
I3 o ¥ [ o aa 12 a P I3 -~ a 's
wiangsunlglunsassuuiasslWluddiuusroundmasumdniieldlunsimsgv

Fuegiumafenliraveananiasu nisldaaruduiusserinaudulazaunseaves

=3 ) [ a o a 3 1a o & v a s =i
wanasudunuudanain-naraAnlagawuysad (LifawgAnssunsudeiaiig) Asgui 3.7
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1

f

|

I -

Finats puiwmada
E. 1

!

!

l

*

v

Mavims

JUT 3.7 nsmlaudiugsenineminanay fu Ananesen YDUNANLESY

AR LA
o = AULAUYDUNANLETY
£ = ANUASYATBUAMANLESY
E, = Wpdadanguvosndniasy
£, = muduiignasinveamaniady

£, = AMNATEANYAATINVDUNANLATY

3.3.2.1 m3ldAnuauifvesmanaiy Tunsbnsedliludauwnd Yseneude
- Alugdadanguvaunin (Elastic Modulus, £, )
- angnsnautivesd (Poisson’s ratio, v) venanIEsY

& = LY =3
- YU NUNRTNGRvoUUan (4)

o Qs e A

- MASULSIRINYNATIN (Yield Strength)

9
]

- MAULsIRINYAER (Ultimate Tensile Strength)

- ANANMULAL-AILLASEAR (Stress-Strain Curve) YaMANLEaSY
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3.4 MylnsraugniesratuuTaesinludaiuudasuniavssgnuind

dauwﬁwaamsmfsa]aaummgﬂéfawamwﬁi’wamlwm%mus‘i Yoyan1snaasy
aoundngnund Tuves finmsgniruiSeudisuiumildannsienesiuuudiess laevh
MIAFNUUUTIADIADUNTANTIGNUINATING dxE 1WURUAT 89 4 LWURAST LLamé’agUﬁ 3.8
foyatanpeunn ( £,) Aldfunuudraeduluddiuud Idnandeyanismaasuieereuni
TukeaUiRnns dausn £, Auimeanaunsit 3.1 mlugdadangudinaldanaunis ACI 318
ANALEUNUSTENINIAMNLAULAZAULASEATARDUNSA ATUINIINENNITVY Desayi &

Krishnan [9] wagenv, B, uandlilupnsnedt 3.1

dl ' a al 9 o o aa (2 < <
M99 3.1 ﬂWQMﬁNUWﬂ@Uﬂimm%ﬂULLUU‘\J’]ﬁENVL‘V\rLUE]aLNUW?\@UﬂSGW]NQﬂU’mﬂ

v = '
ATULAURAINLATEA f. E f, v B,

¢

ADUNTH ksc. ksc. ksc.

FIUFEY | JUMIY

Desayi&Krishnan 300 259,237.1 34 0.2 0.3 0.9

903U 3.9 wuimamsiesziuuuaediludiunsdilateyasinaunisves Desayi
& Krishnan [9] ¥nweawsedngagalalndifeaiurnanisnaassiiunn uwailirssesnasiiuamns
gNUINAUANANINNANSNAAOUNDALATS ﬁgaiiﬁumﬁzﬁhiug]é’agwejuuasﬁwmmﬁmﬁué
sswiemnufulasmueSensavetreunafiduInIINaunsTEALAN INHaNSIAEBY
LLUUﬁ?ﬁaaaﬁﬂuwLLaquansmms%’uLLiqéTwuaaéﬁashmaun‘%mmagnmﬂﬁlé]’ﬁﬁu’ﬂuﬁmﬁﬁ'ﬂ
SaveuuazidionounimAansuand1nluud fufulasuiuuuseedWludiundaounionss
UIMNATNAFURTLAUENAN x4 WUAWAT g3 4 wuRlwasianugnaewiugigeaninsaiiy

W lanusegenu-tarsunIaEsuanlade U
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LS990

JEHTAAF

5UT 3.8 wuudaedlnludfumdaeuniavsgnuind (BOX1)
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undl 4
Nan15AT1zinuUIaadnludAudau-lEnaunSaES WA

wisausramsiinneiiuusiasdinludiuusueinu-anouniaEsumdn ada
WUU1aB99 U 4 FrEne (CN1 CN2 CN3 way CN4) sabuuusasdlnluddiuusivmuniy
audnwnzLardormuatiuausluuni 3 Tnguuusiaont 4 TuilmnuenvesnuLasiEn
yuanidn Sunumdniaduasminuasn sufmuautivesiansnsmileutuynusenis ds
fusndefufionoasBenminadulurinuders austasiileouifisunginssusineg ves
wuUTIaBdane LU dNYNENIINTEINGFIVBIAUAY ANYENITNTZANBLITINTEYININAUE
i@ Baandannsmhunfansaussnounsussfiudnenmnnsiusswosdese uavdnuae

AsNavesTonatn
4.1 wuuanaeslnludauudau-tdrnaundneSuman

dofausuiulmuduivsziinsndeuiludnunzaiu (Wave) vrldisusaiiosnn
wsiuilyn Jeildnunsiutpdng (Cyclic Load) lnefidnwuglu-ndy (@he-w11) dielasdouds
wianfuusswsiuiubmn Fuadewignusinsevidnudienserih dauandusy 4.1n uag 4.19 @
sU 4.1 uandlnozunsulumuddnvadasefoudaundn Wesuusshudhe ssiuiiivinn
Rananantuuu-an uaggansnanatiniy agugeilluwusidn Wuaud Qednnduvedtaud
fm) umnenani Fudiuau-amsaiomd Faluuinuderesswieenuiuian awnsn
Sraesaniwnslduse LLazﬁ"au"L“umiﬁm%galﬁﬁquﬁ 4.13 nanalaeazu Yoramu-aiuunig
Tuudyaaandidy Weduuswwiudiulm aunsasiassdnuasmsldusds Taslduseindngd
vinnfnansssieeu laefivmeiainuiezasesdidoulsesnsiaduduwuuagn (Pin
Support)

TUIAFIBYNAU-E MNGR waeswaziBeansiasumianyeawuudiandlwludawud
CN1 CN2 CN3 wag CN4 uansluguil 4.2-4.5 dumisnedl 4.1 uas 4.2 wansnuaniinaunie
wazmdnaduildiuuuusiassyeil wuusass N1 winaSundnlurugniudltuauay
ngafimdngushundaen wusiaes CN2 mdniaduvdnluaugniudluluanuasieuans 50

a o

fiafwnsvisuulazauANNETIMANSUIUMAIE kuudiaes CN3 mdnidSumdnluaugn
gululuauazeUaIevinuuInAUENTEIM U UNLAZAAINAI NS T IAA NE UM UMA AN
drunuudnaes CNG duouusiass CN3 svinsdiulssusnuseeselaaaiumanuaon

WanAnlviiszaslulunumnesgiu ACl 318-99 seasiBuamaniaduveuusianeis 4 uanddy
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lup9eit 4.3 3U7 4.6 waashuvdssesiuluimuinaansaeualauasuy druusansgyign

ldnusinlangaunugy

A5197 4.1 @mamﬁ’aﬂauﬂ?}mm%’ﬁ’uwa"ﬂaaﬂWM%Lmu(ﬁmu—m (CN1, CN2, CN3, CN4)

wuy AUNIABUNTA f E, f v B,
31884 - ksc. ksc. ksc.

FIVSYU | JUUSS
CN1 Desayi & Krishnan 300 265,862 40.0 0.2 0.3 0.7
CN2 Desayi & Krishnan 300 265,862 40.0 0.2 0.3 0.7
CN3 Desayi & Krishnan 300 265,862 40.0 0.2 0.3 0.7
CN4 Desayi & Krishnan 300 265,862 40.0 0.2 0.3 0.7

M7t 4.2 aniandRmdndldiuuuudiasdwludiumdanu-tan (CN1, CN2, CN3, CN4)

HUUIIaD4 DB16 (tnandu) RB6 (1nianvasn)
ksc. ksc.
fy* E.v* fy* E.\‘*
CN1 5,885 2,111,000 3,175 2,159,000
CN2 5,885 2,111,000 3,175 2,159,000
CN2 5,885 2,111,000 3,175 2,159,000
CNZ 5,885 2,111,000 3,175 2,159,000

* HaNINNIVIAADU
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