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Abstract

In order to study the behavior of reinforced concrete (RC) structures in terms of
strength, ductility, even their failure mechanism, 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 though this method
would obviously be virtual, based on a computer model, it is considered as somewhat
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, RC
beam reinforced with glass fiber sheet (GFRP), and RC beam-column connection. Using
commercial FE analysis software, ANSYS, the trial RC beam model was developed, and
compared its results with experimental data tested at Burapha University laboratory. The
success FE model is comprised of elements SOLID65 as concrete, LINK8 as steel
reinforcement and stirrup, SOLID46 as GFRP and steel plate. Based on its geometrical
and loading symmetry properties, the quarter FE model of beam was effectively
employed. The comparison shows an excellent result for elastic range and acceptable
for inelastic range with an error under 20%.

The FE model of RC beam from the first part was extended to analyze the RC
beams with conventional reinforcing bar, prestressing wire, prestressing stand. Total of 14
FE models of RC beam were simulated with different types and details of steel
reinforcement, but keeping the dimension, length, and all material properties the same,
except compressive strength. The FE analysis show the incomparable results to
experiments considering from flexural loads and displacements at the middle span of
the beam:s.

In conclusion, the FE models developed in this study yield in acceptably well
results of high loads and deflections. Moreover, the models demonstrate the trends and
overall behaviors of RC concrete beams with conventional reinforcing bar, prestressing

wire, prestressing stand quite reasonably, especially in the elastic behavior. However,



unconfined behavior of concrete after elastic range of concrete needs to be further
investigated.

Keywords : Reinforced concrete structures, Analysis by finite elements
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Model) Tinzay wisldlunsiasz UisLﬁquaﬂimma%’uﬁmﬁﬂmmﬂ Lay
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ZH. Yao, Q.. Yao, S:M. Huang and B. Song (2008) l¢i@inwnisifiuannuanunsaly
MIULTIRATRIATUlAENISLY SMPM (high-strength steel wire mesh and polymer motar)
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Preprocessor Solution Postprocessor
| | |
B Element Type B Boundary Condition B Plot Result
(vlinveaBaluug) GRIGHVELRNO PR ERT) W List Result
B Real Constant B Obtain the Solution B Check Validity
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ounsatmInUnR (Bangash 1989)
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/!
/ ]
/ peak compressive stress
Ocy [———————— y: - 7"
7 Ey | |
/ | |
| |
/ I |
/ . |
/ softening |
Compression | |
| |
| |
| |
I |
| . .
| strain at maximum stress
T « | l/ I =&
: EI‘J E[’ﬂ
I
——| Oy = maximum tensile strength of concrete
Tension
L
+a
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ganguiadunsislseanniosay 30 veaaeSuLTISAaEn INTUUAIAIUAULAZAN
AnUAsERTeIRaUnInIiNNTuLUU LT T dunss aufaidssunsdnasgnuesnounse
(0,,) WUlAIAUAUTBIRBUNIAALTAIANAY TILEAIMAITUSAUBIADUNIAILANAIDE19TIALT)
TUVUENANLATYATBIADUNINATABE S INTU EIUANUIAULAZAINLASYAYBIADUNIALIDSU

= ¥ ¥ 1 a a a A 1 a ¥ =
LI9R9 NTILELLANANLAULAYAIALASEATDIABUNTNALLANUDAVEUTAAUNTIDIAIY
AUMNULTIRIEIER ¥aeaIngatl AsunInaziinn1suanikaziinnsialuiian aufdaiulsen

Ca

Ao anaadugue (Bangash 1989)

3.3.1.1 msldanauaudavasnaunin
AAaantRvesnaunianddudmiumslinszsiuuudassinludammdian 3 dastolud
1) mheSuusdnaanveinaunin (Uniaxial compressive Strength, f.') Hughued
AUAINITANTTTULTISAYBIADUNTA
2) anlupdadinnduresmounin (Elastic Modulus, E, ) ilusmnudureadunsiu
ANUENTUSTENINAIANULAUAUAIANLLAS AL WY E AL

3) ANANAINIUNIULTIAIVDIADUNTH (Uniaxial tensile cracking stress, f,) ApunIniAay

(% '
U =

AUNULTIAIRNIN 1RAUTLUI1U10% VBINAIITUNIULTITAYBIABUNIAYINTTU FIE1UNTH

AuIlANANN1S ACI-318 A9t

f = 0.623\/fo wngUrana (MPa)
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I
f =AM IUNIULTIRITOIADUNTA
f/ = mhefuusdnaannaunin
4) Adns1autwesdvrasnaunsn (Poisson’s ratio, v) WWuALanIdnaIusEning
AULASEALLLLITIUYBILIIABUNIATUNTINTEUDNABMIEAILATEA UL ILNLYBIUVINADUNTA
JUNTINTEUANTUTULSIBN INNINAGEY ABUNIRSTIUATASRTduTmesduesrauninet
YW 0.15-0.25 Tunnsinenil AuuseAsnsdudniiwesduosraundait 0.2 Tunislden

o

AasantRnaunsnvasuuTIaaalludduud

s
a ao v v I

5) ANduUTEAVEANAISULILADUTIRBUNTA (Shear transfer coefficient, B,) Tunisldan

va o a £ v v = a 1 11 Id A 1
AL URFUUTEAVEN SIS IRUYRIRRUNTAAERUINSLdALTY 2 wuu fip n1sldmuss
2o liANNITNIT0IADUNTA NI UUTIUITEU (Shear transfer coefficients for an open
crack (smooth crack)) wag MsldAusaouiialininnsiveInounsnlANILUUTULS (Shear
transfer coefficients for a closed crack (rough crack)) FaduAuanadnuwuenITHves
Aaunanmslsudoulaglulusinguy ANSYS fvuaagaud 0.0 89 1.0 Fellaunune fsil Weld
Adnlng 0.0 aidun1sMauuusuBey (smooth crack) nanafeldunisisvesnouniniauysal
aa 1 a € 1 11 ¥ 14 [ v a
niinsaneusu@euiuuanysal dnlldandilng 1.0 Wunswawuussidaguuse (rough crack)
nanmslunssesreuniafldinisarsusaudeunelunaunin

6) ATAINENRUSTZMINMNBLIIBANUANILLATEADA UVBIADUNTH (Compressive Stress-
Compressive Strain) lEUNTINLEAIAINFURUSTEHINNUILLTIDA-ATULATIADAUDIABUNTE
Tunslaaadlulunaandfineuninvesiuuinasaa @51991n 6 YLteusiaiu neldaunis
ANMNFUNUSAIANULALLAZAIAIILASEATBIADUNIAAINAIIANYIVBS Desayi hag Krishnan
(1964) wandliluaunisn 3.1-3.3 AWINILEUNAUGVRMUILUTITA-AIUATEASAVRIABUNTA
wandagait 1 Adunen 0.3f, Judunnuduiudvemuislsidn-aunsendnves

a | a v a a{' I3 | o = |
ADUNIATUYINTUAY karndl 2 3 4 uavgail 5 LTUINAERVEIMIILLTIBAYDIABUNTANONY

909 5 lUAaunInazinn1sIuAveInaunss wandlilusui 3.6

9 Y
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i madag
F 3 .
5 QauoImIa
]
£ P ==
/ I
73 |
Ec ‘r" |
/ I
/ |
2 4 |
I/ |
|
| = o
. 1 i ANMATHADADA T I
0.30 f, - | g
- 1 et =t
I VDAL WU AR
| .
:../ Y2INDUNTA
+& - > s
&y
v
+a

'
a

JUN 3.6 dnuauztdulAr U@t seninamiglsdn-AunSendnuainaUnIn Desayi kax
Krishnan (1964)

E.e
o, =—2 3.1
14| &
o
2f/
&y =— 3.2
EC
O
E, ="¢ 3.3
80
el
f, = MATuusdnasgavanaunIn
E, = Alupdatinnguyeinaunin

£o= AUATLATA 1 PPFIFAVDINFITULTITAVRIADUNTA
o, = MIYLIEAVIADUNTA

£, = AMNUASYADAVDIADUNIA

c
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7) INUNNISNIVDIABUNIA
FudrugauuuNaad (SOLID 65) WethinadsauuudnaswedianmaunIntuios

PINIIAUABNYULNITNIVDIABUNIANIY FIGNYITNITNIVBIABUNIAL 2 LUU AB ANV
(cracking) #3alaniin (crushing) MIBLSIBALIDABUNIALASULLLLILAY LNEUTIN1TIIVDS
ADUNIALLDIINMUNBLIITAVDIABUNTH @1usae Ul (William wag Warnke 1975)

[ 1 =l d‘ I~ Qad' [ a o Y
anwarN1IiesnsunIailuwuuauliinuansiagy 3.7 danudidglunisnszangdives
MhgussnluAiAImLILAL x uag y Tngesuenuwinnumedydnwal o, waro,,
sudwiuluiledanidunaunin nsunninaziintudedinisnszaeimusamhonsds Ty
frmnasgfiuiunsieiifiaduiiivivesnaunin nanfiianisuaninveuiledani

I a v A 1 d’l’ [ d' I a o I3 a U
Jumsuninudl aAnudavguresilatanmilunaunin agivualumudlufiamavuiuiu
PANNNVBINUIGLTIFG NNFAANITHANS1IVLNAT UL DN UIULTIDANTLINEFILALILLAANITNG
NHuUenvaraunIn Tunsnwasall nsldAamuaunisivesnounsnd Uty
a8 (Element) va3aaun3m (Concrete controlled the failure of the concrete

element) TnalUaA1 N1sRILULANA (Cracking) kazUnAn1sWaLuuwanyn (Crushing)

Oyp
. f
I’ Cracking Cracking

J e
-

o

£

3

i

o

Ozp > 0 (Cracking)

Oz = 0 (Crushing)

0zp < 0 (Crushing)

JUT 3.7 dnwansiavesreunsadiidusuuaudd (Wiliam uag Wamnke 1975)

16



3.3.2 AanLEsY

3 a  a % ° aa s = a & a ¢
LﬁaﬂLaimmﬂUﬂqiaﬁqﬂLLUUQW@@QIWI‘H@@LNU@Q@Uﬂ?@LﬁiﬂJ mamwaiﬂummm%w

Tuegiunadentdviinvesmingdy nsldaanuduiusseninmnuiuuazanuesientes

< a a a a ¢ 2 a ¢ o A o A
LV]aﬂLaﬁﬂJLU‘ULL‘U‘Uaaqamﬂ-waqamﬂiﬂﬂauuim (I@I‘Uagﬂﬂv\lﬂmﬂiillﬂqil,mﬂm']LWN) WQEUW 3.8

=¥

5/ S—

|

|

I

... "
: NGEEN R BT
|

|

|

&y

il
%

L

‘EJ-'

[

|

. . = I
A vﬁ*i:
[

|

—————— 5

+

JUT 3.8 Anwduiussevinemnudu AU Auesen Yaamaniasy

AvualA
O = ANUAUTDUNANETY
£ =ANULATLATDLNANESY
E, = lugdadnnguveananiasy
f, = rnuiduiignasinuesmaniady

£, =AMUATIATIINATINVDUVANETY

3.3.2.1 msldrqaauifvaananaduy Tunisiieseilnluddmud Ussnaude
- Anlugdadianeuvaanan (Elastic Modulus, E, )
- Adwnsdutheesd (Poisson’s ratio, V) YoamanLasy
v <

- Yupunnidauanan (A,)

- MAsFulsIRengnAsIN (Yield Strength)
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[

- M &%’ULLN@Q%%@M (Ultimate Tensile Strength)

Y 9

- ANAULAU-ANALATEAR (Stress-Strain Curve) Y aNLESY
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uni 4

NAN15IATIZNBUUIaB Nl UB AU ATUABUNS

4.1 nsadrauudasslnluddmudaiunaunsaasuivan (FEMB1)

LL‘UUR‘]’waaﬂMuﬁaLuus‘?muﬂauﬂ%mLa%umé‘ﬂﬁﬁmuwﬁuazgﬂmiaaaaUﬂamgﬂéfm lny
TddeyaannanisneaeuruasunsaEsumaniuiesUufinig [18] thuseuiieuiunanis
Anneilsnnuuudiaedwludbiuud sU 4.1 uaneaziBeansmaaeunu wavthde
S18avidennSIEsUwan wavAulensAnuEuIan1sEa-ua (Electrical Strain Gauges) U9AU
ARUNIALESUMAN luTIUR RN (B1) Tnea1u B1 fvuiantidin 0.15 wns x 0.25 was 4a
g1vavn 2.50 was uazilszeriaseuishuminasesiuiaesdhariniu 2.40 was iesann
AuanSRamnasvesmiiauardnvarnsliusngyh uuhaedludfiuudfinautuosd
yuafismisludvesnuneaey B vaiifieanssoziiailunisinmest wazmslininensves
Aoufimes SUT 4.2 wanwunauazisnsanauuudassaunsuninasumanvunanidudves
PuMAEDy daugUTl 4.3 uanauudiasswludfmudauaouningdy (FEMB1) vuanildud
yosnunagou Insreunimiugnaialnglddaunsielin SOLID6S dumaniaiuuazmnuasn
T9adwudviia LINKS LLazé’m%’Um‘iﬁﬂmﬁ%ﬁwmiawami%mﬁ'miwdmmﬁﬂf"ﬁJﬂauﬂ%‘m
unuudauwiuauysal Imaﬁlzﬁ'm'm%am;m (node) vaaman warqn (node) YosAoUNIN
sunisdeafiliiifnivesenudasswindu feillunstvusdumisgaveuninuasanvosniu
Tnsetuned ieandgmnsieseivediusunsy

137371 4.1 uansenmaniRneuniauazmanisiuildiunuasuninatuman B1 10y
Amdssngaanuesnauniniiony 28 Ju Afdshsveuvanaduiignnsin uazlugdadnngy
youmdnieduvumduihugudnans 12 faduns (DB12) ua 6 1aAlnT (RB6) uasn3el 4.2
wansAnsine e ildtunuusaedluddundaunoundaaduman (FEMBL) Tage f,

f,, E, duldanlannwanisnaaeuianluiesuiinig diuen E, vesnauninduinain

aun1s 4733,/ f, A1 f, Awtainaun1s 0.623,/ f, uazA vonauyviniu 0.2 uag 0.3
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° LY a [ a o o ! ' a 1w ° LY a Ao
AMIUABUNIALLALLUANLAIUATIUAINU dIUAN ﬂt FHHALNINY 0.3 kg 0.9 ANIUABUNIRNNG

LLUUT‘IUL%EJULL&%E‘ULLN

0.15. Typical P P/
%?mgncd Steel A Stirrup
g / P fl
S A |
Q ®)
0.05 0.80 0.80 0.80 0.05
1 240 (= Lg) |
2.50 |
2-RB6 4.,
Electrical strain gauge (SG) 0,258, U-RB6 w3l @ 0.10 41,

4-DB12 w.

SUM 4.1 91988188AN1SNAGOUATY TUIANLIARA i’]EJﬁ%L%EJﬂﬂ’]iLﬁ%ﬂJLMSﬂ LAZALRUINITAR

Y

W InN1589-va (Electrical Strain Gauges) vasnuluipsujdRn1g (B1) [18]

AN5197 4.1 AmauaulRreunsauazanE eI uAsunsaEsuEnnageuluiesUf RN

(B1)
A f. (AOUNIH) f,/ E, (DB12) f, 1 E, (RB6)
MPa MPa MPa
B1 42 462/217,367 419/219,437
AU f, E, f. E, f, v by
CCAADA AND~ AAD~ AD~ AD~ ANAD~
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FIVSU | JUMS
ADUNTA - - a2 30,609.8 4.04 0.2 0.3 0.9
DB12 462 217,367 - - - 0.3 - -
RB6 419 219,437 - - - 0.3 - -

M99 4.2 Ansifiimesansgitdiukuusiassiwluddmudaunouniaasuman (FEMBL)

0.25m




JUT 4.2 vwiawagisnisaswuuinassauneuninasumanvuavilsludvesnunegey

ABUNSA (SOLID65)

I3 a @
WARNLEINLAEIIaNUABN

JUN 4.3 wuudnaedluddwudauasuninesy (FEMB1)

4‘ aa a m
ndeufdasyluwuia (unu y) wald

AunsandouiilaluuuIfmIn (WY z)
As83su

FunualLsanseyin

0.50 w.

ndouddasylunuins (wnu y) uald

& a
AU5ALARDUALATULUITIV (LAY X)
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JUN 4.4 nMsdasnauanifauunng 503U waen1slauss veawuudaeslnludfuuini
FEMB1
d‘ o va U 1 o aa

JUN 4.4 wanansinaesnaandiauing 9nseesy waenshause vesuuiaeslnlugi
wudA FEMB1 iamnay dnsldusinsgyiiisumis 0.80 weas 91n905095U dadudums
Wwenfumundinshiwsanseyilunismegesuau B1 el fufinis wievinnisdnassnuauda
auNInIALLANAILURAITIAU NAINAIANNEIIAIWIAY 1.25 e 3nUatem1u 99 (node)
& R A N va a Mo d' A
NmUAUUTELIUENISEUIvIEmaaunaslavaseluwuafg (Wnu y) ualiaunsandounlalu
WWITIU (WNU X) Lanedislugy wasisewuaswileueamtAnnaenANeInIL LansRsgUdn
30 (node) oguuszuuiiianunazinfoundasglunuifa (wnu y) wildansandeunlaly
WWIARIN (WNU 2) NWNegATeeSUAUNAARURA (Node) USHNTAETIa0INISLAGoUTIRUY
gnnas (Rollen lngiadeunladaszluuuisu unu x) uwiliaansomdoudlaluwuinsainiu
WUISIUTLAEDDN 2 WUI (AU Y Lag 2) AMTILASIZYALUUTIa0Y FEMBL aglgnsinsgiuuulyl

¥

Wy (Nonlinear) wagiielikuudnassanunsainsievilanagidmiAnau (Convergence) &4

WigyTndudesinisusuafe nsivuarINsimumMuNani gl (Convergence

o

No

Tolerance) lngyiN1sLiiNAIINAIAINUANIATEIUYRUSALATUBN 5 Win WevilAlusinsy

ANUNTONATITIHALS

4.2 Han15As1zRnuUInaadinludauus FEMB1

NANNTIATIEILUUINEDY FEMB1 WUS8UguUnUNan1snad@auaIy B1 Wtd@uaniensIv
LSINTEVINNINANAIULAL TLELNNSINFINNINA9AIU 1A8ALSINTZYINNNINAIIAIUTA AN

wuuTaesmuInInMsihAusdiseildannuuuiaesamme 4 deliideunalatiunis

1%
a =

yagouATy uenNdazinafisusenueieaiiistulundniady waedauessniiiniy
fifnneunindonudammsldsiifinainuiiniy netiauedudaduiuarneioniign
annUeanAniEIulFfnnIageukaAALARERl T LYEIREUNTR (0.003) AiAIILATER
sieganantuildannuuuaesesiaiintu & suwmafiertuiumumidinauiuTe

N158A-4A (Strain Gauge) TuAUNARBULAAIFILMUIANTUN 4.1
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JUT 4.5 uananansiUSeuiisunsanseinuag seaglnadinnemans (1.20 1) Jra1nga
$995U999A1U LRENANISNAADULEAIMIENIINLEUNU hAENANITIATIEMLUUINADILENIA LA
uranay MngUunudn aunaaeu (Exp B1) fisesiusniiusanseyinussana 16 Aladiadu diu
wuudaeslWluddug (FEMB1) Lanssoasniusniiusaindu 19 Alatadu a1u Exp B1 @m1sa
Suwsensgyilaasanvintiu 107 Alafiafu druwuudiass FEMBL Suwsaldgeaawindu 117 Ala
T WaSeuliigunanudn wuudtaes FEMBL Timaandmanisnaaauyssann 9% wasiile
WIEUANANUTUYDLAUN TN IFBI U1 SIUSNNS (Service Load) WU WUUT1@890AININATN
WAAIWUUIIABILAIANULTY (Stiffness) U1NAINAUNAEDY WaNasaunTImAUTUTN 4.6 B9

) = A a X I A ' a a ' & P

LanIAIANLATEATIAR YLl NESIUL-19 waziIAUABUNSH NuINMana sluAIY Bl Heqn

~ | o ale A a A o A A a a
AsINAIszeElnananaAuUszIM 14 Tadwns wasiduridl Weansanlugui 4.5
WU BSINTYINAANMIAY 107 Alafieu %ﬂﬁlw‘hmeﬁmummwqﬁﬂssuﬁa@mmwmsziuﬁ’u

d‘ a o a % 1 =l % 1 A
waztlloNTUILUUTIa09 FEMB1 9gnungAnssuludnwaziguiendu na1ife 91nnsmuans
ANNULATEAYDUNANENS (FEMB1) WANa1992ATINASTeLlnasnUseanad 9 adiuns waziile
R0 szl un 4.5 nuandusuiafiuuudiass FEMBL wanangAnssuiagnnsinues
AU FIUATIANULASYAVDLRANUUNUIT AMLFIINNANITNAdDULAZLUUINaT AN InaLALar
171NUDITEeelAIIUTELAL 20 TAALNAT AINTUAIAINULAS A TULNANULIINKANISNAAD UL
WiNTUOE9TINGT UazranuuiganInfiszeslnaiiuszana 23.5 fadlns Jailefiansauns
N3evnAINgUN 4.5 fiszeglnai 23.5 fadlns wuin Wudumlanisinsevinanasoenedl
oAty wandliiiudnfisumisdausuwanang AnssunsiawuuaNysel

JUN 4.7 uanseanueseafiiinduluiiuuneunin angunuimnlinnuanagey
LALLUUIADINA N ALABAN UAUNITE 8L I NIAIVIATUNUTELI 7 JaaLIAT INUUAIAIIULATYN

a a q' d? 1 3 a d' (Y2
UVUHIADUNTAVBIATU Exp B1 tiuTu08 19390657 waevigaaniailosseglnadiussan 19
TadUnT dUANPINULASIATBIRIADUNIHAUULYDILUUIIABI9LIANUTUANALNDUAIT

HaaNNsAnyludIul aunseasuladn fawiduuudnaealnludiuudaiuneunis

a <@ P2 ) 1 <@ v 1 I3 < )
WESuman (FEMB1) aglviAusanssyingenitnan1svadeuianiios uikuudnaesiaiuisavitung
wsensphfianmzan nududraghunamaunn wenainiduuudiaes FEMBI deanunsadnass
ngANIIUNINIaIAUlAlNALALIiUNANIINAGRY FatuausatkuuTaesiluinn1sfinw

a = a [ a o = J ] 1 1%
WQ@ﬂiillﬂ']‘L!ﬂE]UﬂiG]LﬁﬁllL‘ViﬁﬂLGU\‘IGYJLLﬂi‘ZN‘USﬂﬁ']'ﬂUﬁ'JUG]@IUI@
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