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o Lo (6-4) JSAIL daimsally (2-4) Gl Jsanll b dajaall gl (o Jaads

@aly hamasal) BracYl Cile ganal (7.3%) dssty Gawyaill pa d3jlhe dphill jlgdY) Alges culyyl @
(b dails mlia M) il gen lly (35-2) degesall saecl Ala 3 (5.19%) Ay
2 + ddsh miliea 4) aladin) e lly (4L-25-2) degend) s3acl i (7.6% ) dawis aolajs
4) plainl pecats g (4L-3S-2) deganal) srach 8 (1 2.8% ) Ly s o(Rils dasiea
- (Rils lis 3 + Aok ilis

(5S-2) dcsend) srecl Ala 8 (5.8% ) Loty Lopaill ae A3)lke Ayladll HLgdV) Alges Cuaiis)
4L-) e sanall sract Al 8 (6.6 ) Loy ity ¢(dath duils milia 5) plaiin) Gean Sl
(Rils 2lea 5+ Aol xilia 4) pladial diecid) (5S-2

:(B) 9 (A) Onahaial Gokil) Jalaa daad —5-4
: 4Dl [14] Mander 1 Gy ookl Jolaa an

K=-2 (4-22)

HEGITEN

.(MPa)  shall (sinll Jaaaall daglaa @ f,

.(MPa) Gshaall ye ygunll haacall daglia : f,

G ran s WS (B)s (A) omithidll Giskill dalae b 225 (2-4) 5 (1-4) Gdsaad) e alae¥l
. (3-4) Usasd
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(B)s (A)opsidaiall o5kl Jalad Zpylail) aill (3-4) saa

(f' =253MPa) (f'  =36.8MPa)

cml cm2

i ganal
i ganal

feea | Ka f,

ccB

feca Ka f.

ccB

(MPa) (MPa) (MPa) (MPa)

CR-1 | 36.66 | 1.45 | 25.30 | 1.00 CR-2 48.70 1.32 | 36.80 1.00

35-1 4417 | 1.75 | 3519 | 1.39 3S-2 57.08 1.55 | 47.10 1.28

41-2S-1 | 40.61 | 1.61 | 30.59 | 1.21 | 4L-2S-2 53.05 144 | 42.21 1.15

41.-3S-1 | 44.17 | 1.75 | 3519 | 1.39 | 4L-3S-2 57.08 155 | 47.10 1.28

55-1 50.44 | 199 | 4298 | 1.70 5S-2 64.34 1.75 | 55.72 151

41-5S-1 | 50.44 | 199 | 4298 | 1.70 | 4L-5S-2 64.34 1.75 | 55.72 151

tok Lo (374) Gildl Joaal) 8 ) e Jaadls
Allad (mlids) e Ju Lee gl ddasgl) dulgha) daglaall 2Ll K goshil) Jalas pd (aids =
- Osill daglaa 2l e pac i)

Ol daglia Ao dlalal) Balijll b o dall gelosal) (gyilall 3ganl) iligSe dabls dasd yaad —6—4
: skl
Jan 538 834 & ae i) 7 3gal Lot peaall (5511 Ssand) lisSa (go S Aatlinn dansi dbjen ooy
D) e alaie YUy Golaall gl

P=0.8*(P,+P; + PS_Iong + PP_,ong) (4-9)
Jadi (A)dakiadl (b Lle bl Zoaall Jasall 5538 e 28Dl a3 d90n e an IS daud DA (1
Ky eang o) (Rla)) Ayl mesl) mliay (Lilall) Zumpdl L olad) e IS ik
(A) Gkl b dpcmyell LV 358l Gaolal) il Cada DA (e L jolad) daalise lo Jguan])
(5-4) Jsaalls ¢(fy, =253MPa) ¥l gsill (e Osinl) Alla 8 (4-4) Joanll 8 cpe o Lo 3y
(fe,, =36.8MPa) S gl (he (siall Al &
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Ol Aaslie e dlualall 833 3 aedall peioal) (1A 3gand) i g Ao lusa dunsi (4-4) Jsaad)

(fon =25.3MPa) Js¥) gsill e Ol 33iall 520e S (3ghaall
sk el
£ J}Lm‘)“ ‘)...\.\"t\ :G‘A oy
ol Laalin | pelioa Faalice J?Lj:“““‘f | i Al | glica o5 2 M:j; '
ie gandl) | skl bl | G0l ae il ‘f-j,j C“L‘“X*m Gpmall pedll | ddame | A il
2l arelly A il
(MPa)
I:)u / |:)s.Long I:)u /PPLong I:)u / I:)A I:>u / I:)B : -
CR-1 0.18 0.00 0.49 0.34 0.49 5.78
3S-1 0.15 0.00 0.47 0.38 0.09 1.62
4L-25-1 0.14 0.13 0.41 0.32 0.09 1.44
4L-3S-1 0.13 0.12 0.41 0.34 0.08 1.43
5S-1 0.13 0.00 0.47 0.41 0.06 1.47
4L-5S-1 0.11 0.10 0.42 0.37 0.05 1.32

Ol Aaslie e dlaalal) 533 3 aedall elioall (1Al 3gand) CiligSa Ao lusa dusi (5-4) Jsaad)

(fony = 36.8MPa) Sl &sdl e sl 381a) 52003 (35l
i | gt | e ot | 2020 | S0
de gandll | lshl mludl | A0 skl ol : ) r,._\;_u]\ 5 4:: ) ‘it:f j::fu
(MPa)
P./Pyog | P/ Potong P /P, P /P, - -
CR-2 0.14 0.00 0.48 0.38 0.48 5.45
35-2 0.12 0.00 0.48 0.41 0.07 1.49
4L-25-2 0.11 0.10 0.43 0.35 0.08 1.29
4L-35-2 0.10 0.09 0.43 0.37 0.07 1.35
5S-2 0.10 0.00 0.48 0.42 0.05 1.46
4L-55-2 0.09 0.08 0.44 0.39 0.05 1.34
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tof Laads (4-4) Jsaal) 8 dnjaal) bl (e

Gookill Pa e (A) dhiad) & gl Laall Jeatll 5538 50l (b palad ducaall Y] e
Hasing (38-1) dighaall 500c5 (9%) duisy «(CR=1) Gaxayall 500c3 (49)% osh danaty
(6%) damisg (4L-3S-1) dshaal s3ae 3 (8%) Ay ¢(4L-25-1) Adshall 5303 (9%)
sanal) 50ec) Jal o (4L-5S-1). dishad) saee (5%) dusisg ¢(5S—1) daghaall s20c U
(fy =25.3MPa) Ol e Js¥) gsills

;o Laads (5-4) Jsaal) 8 dnjaal) bl (e

Goskill DA (e (A) ddhaiad) 3 sl Aol Jeatll 5,8 5045 8 aaled daiayel)l sl e
HLasing (38-2) daghaall 500e S (7%) duisy «(CR-2) Gaxayall 500c 3 (48)% sl daasty
(5%) dpaiss (AL-35-2) dshall 520c5 (7%) daing ¢(4L—28-2)o dishall 52023 (8%)
5adial) 52acY) Jal (e (4L=58-2). d8shaall 50ec3 (5%) dssisy ((5S-2) . skl s2ecU
(fomz =36.8MPa) o5l (e S g il

p Dl saasal) Al ookl Jagyd (38a3 Y dcajal) pslad) of Lale

) yhad dayd

8mm
dst> max < ds 4-23
Bog _8_ 5 67mm ( )
3
. dy =6mm < 8mm oY Giae e haydlls
p sl aclidays o
D 150
somm<S<max]5 5 oo (4-24)
80mm

L(dst =6mm) ua dacayal) 5lsud) ki : dst

(S =120mm) Cus a)lgu¥l Bshad : S
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Osall an) Jaatl) 5538 5315 5055 WY el Wiay 3 dumpell Hslal) 580 Jiol s Cus
ayil Jles) it Y Gam AL Gy 5l S

e lelay ellyy Cand) 138 8 dugpaall saee D (KA gy pdayal) olucl) maanal o 38 1] 313l
LN UKl alall pue i)

s alaY) cul€ 13 LeSobe o Gus Loy sl o 5yl saee) 240500
M Laa C_\.\.\m.""' K

O DAY A Cngliig 5LV Algend dyatl) i) ae Al Lo Aol Bl cilael o
(T =25.3MPa) deglaall 53 sl Jo¥) gsill (e 53400l 520e 3 (1-11)% eyl
(fep =36.8MPa) daslaall 53 Osiall SN g5l (he 530 Baae D dawailly (2.8-7.3)% 05

cm2

On Cngliig (A) Aghaall dikaiall (1.99-1.45) o caglii Al K skl Jalas ad DAS (e @
Logaall 93 Ol e JgY) paills sl saeeY) sl e (B) ikl (1.70-1.00)
On Snsliis (A)dabiall (1.75-1.32) om @ssls ) K daledll ads ¢ (fy, = 25.3MPa)
Lagaall 93 Ol e S el 53 saeeV) Jal e (B) dahidll (1.51-1.00)
re il 13 Oginll doglie 5ab) ae (aids aedl Allad of Ll (f), =36.8MPa)

Ml 2yl d )
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Cualil) Juail)
Bagiaall alial) Ayl aladicly dulial) Ayl

:dadia —1-5
o Aals L Al adde Gaglaill il ale IS0 pladd) gl sl Jad) dolll Jia
oalsdll dade Liseeal hli decad) daled) Lugid) 52eeY) 3 Lasaads diladyl duxgdl Jlas
O bl (g dygral dila) AV mildally mlaall OgdlS dailaie g AS5e Jlgal dplaa)
el dse pe sl i) il s
poaigal) Canbea 8 ) JSLa) e apaed) g Epgalad) el g Ul ongd (53 Sl kil sl
aliall dole duhal Badies dusuls dae daph (FEM) Bagaadl jaliall dapla e 5 Sl
dophall clalgay) i lll all) e dabsal)l Jalsall Al lgapen die Glldy clgelsl Calita
raliad) Al Crealug daslall gaally gkl e Aaslll dalsad) e lajey (LSSl cllaY)
23 Capaly diegiiall Lptigh liiall o I Jag dadat b Jled <8 5aY) BV1 4 Bagaadl
O Al 8y yia ity A Ciliial) me Xy Ailia g caraaill 5 Jalal) dilae 8 Allad 310 Ayl
) Gsid) olu Jiial djaga zilai s )8l 5 5aY) Glgiall 8 o Alady) dalail) clyg e
lelan Las eyl b LaaY L 45lke A2y 200 da el (3ylally caluyal) sda calacfy (Adad ) dcalsds
18] Ay A gl b gKall bl (3kal) Jucadl
Aaleodll 4550l Aggiad) 5aae B SLady) Jdatl) 5 Aadaill dleal ANSYS gmaliys alaiind Gl i o
ANSYS zealiy alasialy Laldanll Zaall Caagiy cmexill abiaall = 3lall 385 3ol <l Ao ally
:glg Ll

S gl (e dimge milia (eads aedall mloall Sgiull (g dganll oguls zigal auag -1

ANSYS zaliy alasiils (f, =36.8MPa) (sl
3gmenll Lyl AL pe el besal) gall (g dganll gaslall oz Sgnail il 45 )lke 2
LS sl e gl Saially ac sl

séuanl) diagia —2-5
algal) dadall agulal) Chuagil) ~1-2-5
Ol g8 — (gl 1 bg dnblatll Luhl aia Windat Gigladd) dpal) e sl A8 aag Lagas
22g) Al aileadl) AU ol yadl) maagis AuNVsl me il wiliaa Mgd — uajally et mlos)
REVWATA
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D Adigiul)l palial) dadai —1-1-2-5

Ol dadall aadiaial) sgaaall paisd) £45 —1-1-1-2-5

(Solid Concrete 65) 2gaaall paiall Lhadal andia) (e Laan palia€ Gginl) sole dadad o
o adl Jaa o 4k Jhe WS Sie Jld e eainll 1 Cillig (1-5) <A b age sa LS
- [20][19] ol ogially Canill Jiaig chariall dihaia (& alasillg 2&)) dalaie

o.F

]
S———
[ KL

(Tetrahedral Option
- not recommended)

dniansy) digally Lniginll jualiall dadail aadiual (Solid Concrete 65) asasall yaiadl (1- 5) J<all
[20]

:(Real Constant) dsisdall culglll —2-1-1-2-5

gl paliall da3ail axdially (Solid Concrete 65) 2gasall yaiall dalaiall culgill 538U o

& &g «(Smeared Model) l)licly jualiall sda (i de)sall ladll (lucal pailiad nasty Caoal

(Discrete Element) dlatie yalic <5 e daginl 501 o zaluall (jlucad Zadad Zulpall 22

(Solid Concret 65) yaislly dalall Culsill aias (95 Gl Sl 3 Liginl) paliall aa Jais

(175) dsaadb e 58 WS jauall daglsa

(Solid Concrete 65) yaiall culgi (1-5) Jgaal

Real Real Real Real

Element Constants | Constants | Constants
ConStant Type For Rebar FOI’ Rebal‘ FOI‘ Rebal‘

Set 1 2 3

Material Number 0 0 0

Solid Volume Ratio 0 0 0

1 Concrete
65 Orientation | THETA 0 0 0
Angle PHI 0 0 0
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lgSslu Chuagi g Balal) Lailad —-3-1-1-2-5
2al) bl oo clluns A 4us ale (il Luncn Aage Gl sbes Chmy z3sad skt ey
Eniall gl (2-5) J<ally Laaiall daglie e (8-15% )i 0588 sl 28l daglie il
(osdal) —alga¥l ) snie of (2-5) JSAN (e gy ccsalall Gsuall (osdili-algal) Al adgall
Ny Al 38 ey ¢(gyeail) Jaall daglia (30 30% Mon N Use Lt (6 Jaral) Alla 3 (sl
ol ie Ogind) ahaaty [dl gl ik Wamy O oaliad) Tl daslial dead Layss slea)
2 daglaal Jgemsl) im Ty e Tdad (o9l — Slgal) ) (finie (36K 2all Alla 3 W cg, abicl

[21] il () Lty daglial) (mddss 5 (ysindl (ay Aakil) 38 dasg (alial

-G

y s '.-CE}'I_ | ] _1!_‘1_._\.!_.
peak compressive stress

Gey |———————— I - 1~
A E, |
' “ |
z

i

|

|

| |

sloftening |

Compression | :

v I i

| |
:
1

s le S la o sl vie o L
|

strain at maximum stress
1

+& L/ L -
T - -5
: Eo Ecn
|
e ——1 &m — maximum tensile strength of concrete
Tension o

! G 3 ake ) 2 sla)

+a

[21] Csill ((oscali slgal) ADkal adsal iaie (2-5)J<al
:ANSY'S gali 2 Csinll dsbur Cinagil dyglhaal) cilibll ~1-3-1-1-2-5
2l saldl Galsd (& JASU dgslhaall i) s Ogid) dal o
o Ailshul) dagliall agia of Lang cyjlaall a1 (FC) Ll o Lulshau) (spumill dagliall —1
+(fon; =36.8MPa) S & ill Jaz il
[22]: 38alls S g sl o 0 sl oy (B, ) Osiad) A9 30 Jalas =2
E. =4700,/f, =2851549MPa (5-1)
. f. =3.68IMPa :(fr) &l e sl gpmdll daglaal) =3
- v=0.2: 05l Jalas —4
1B, oadll Ji Jalas =5
Gitia) dagll ) phaadl dilad) bl Jie dus ole JSG dngul)l saliall pals delae g
) Aaclil cobadl cld @rall Al i (0) Zaald (0-1) o 4t #9himy . o5l 1w (Crack Face)
Jul 3 Hled 305 Y () sl phacdl @ld Gsaall s Jai (1) Ladll W epadl) JUY JalS olaa
102




alial dayl o sadinadl clahyall eV dagied) Gorall padll Ji deleae ad zghiig ([21] (il
B, =0.3 daid ciaaicly [21] (0.05-0.3) Cpiiaall s ANSY'S zaliy aladiuls s3gasall

s gl ((ogdall — algaY)) ABe—6

Sle ladiely bical) Al b osill gl — sleay) BDle Jlay) alliy Ansys gl call
Logiadl Jal (3-5) Jall 8 A [23] ( Simplified) dawsd cui

0.3f¢

[23] ( Simplified) dawsd cusyall (385 laicall e (il ( 038 — slgal ) inie

(Topy =368MPa) Liny 3 (S5 g ¢ Jaiall e (ysiall Aolsh) daglaal o ¢ s

ST 1))

E.xg

: — 3 g1

2x=f,

E,

0.003

i (3-5) Jsal

[24] c[23]3§M\ oda clul R Al lEally

(5-2)

(5-3)

(5-4)

€ u}jﬁﬂlgé@m Agay) :o

fl Laacall algaY syl el dic ogdill : g,

ool Copall GBle aladiul e bl adgail) ogdall — lgaY) aia (4-5)d<al
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f ultimate compressive strength

0. 30 /7,

|

|

|

|

|

|

|

|

|

|

|

|

|

I strain at ultimate strength
e Lr'/ > &
&9

[24] ( Simplified) Lol oyl 385 Jaraall ddaje A Gginll gl — dlgay) Jiaia (4-5)d<a

B aay cmeatl) By die iall dad e lan ssdill — sleaY) Jaie of Gl IS e Ll
o Aglne sleal) dad (S5 ¢ intall (e (1) Al s Lasys Clagdilly Clalgay) alak Agesl
3¢l el piil) Ao unigene b ole o Hle dadll o3 Ja gl Solu laels (0.3fC)
Ll ddgjee Gginll &g el Jalae dad Jlicls el dloa G5l o alaeYU (5-4) Aaladd) (e alga))
Aol ALlaal) (5) a8y dbiill Caaniy L (5-3) 5 (5-2) ouiblad) (e lgle Jgaanll 2ud (2,3,4) Lol
inial) Bl Siaa)(2-5) el g sl e sgilly sanl) sl e Sl (g,) 5(FC)

ANSYS zaliy alasinl blasll duhall b asdieed) Oginll 095 — algay) 28] Saeal

G5l g — alga¥) A jadd) Jiaidl) Lalis cililaa] (2-5) Jganl

€ (mm/mm) sgdsll o (MPa) algay! adazill 3
0.000387263 11.043 1
0.0005 13.74231258 2
0.001 04.7954884 3
0.0015 31.97852204 4
0.002581755 36.81 5

ndall b ddiedl gl spil — slgaY) inie (6-5) JSA gk
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A0
35

30 //'
20

15 /

10 /

5
D/ T T T T T !

0 00005 0001 00015 0002 00025 0003
e 3200 —g (mm/ mm)
Aadaill 3 aaieall (ginll ogdall — dgall Asie (6-5)J<al
DOl LY julee —2-3-1-1-2-5
oo e Bl Aoglaad) Cauped e Y Eigidl juabiall s3gd Sl sk Cauped Jal (e L 2dllg Jaraall
Ly aaal)

AeaY) -6 (MPa)

L e Y X et b A l) Ciileal) O <Oy haleaY) iy

Cyp
ﬁ.
P S
fi
g
=
g
[&]
Ogp > 0 (Cracking)
0zp = 0 (Crushing) f
¢
0zp < 0 (Crushing)

el Alad) 8 dgill pealiall Slgdl Zshan (7-5) J<al)
((Z o) 8 eaY) 0, Jsaiall mlsi JLed) balail s Cums Oy <Oy

105



g ks olat) (ol (B ot 28 slga) pi Letie (gl paie i (Cracking) Gadll casy e
(&b Ragina zracal G ey sl A3g ya Jalae Ao Y 2dll e (sl daslie Jolaty sl ¢ LY
sl a8l algaY (glsall elay|

Qb mha la adiy et lia S Lyl Clalgal) 58 Levie(Crushing) abaasll Guasy o
G hlee 3 dpandl jeaiall lé Nvie s (AHS ilalaty) b Lagaes macas B3 el alaa 8 Sl
Lo 1ol baall e dugid) jualial) L) baall e osindl Zoslie Uyl sy Gl 128
Lol yualiall HLes) Jid dalad & 2 cadll o dagliall Caana Logae Ogiad) (N (Caaa
dadalll e ASlall ChLeW) o Lugidl jeabiall e A clial ool mp biall e
& Line G5l ANSYS zalipy cdlineg dudadll &3l Galsally ([25] 5asanall yualiall 42y
. (3-5)Jsaal

05l ANSY'S zalips cdlatas dudadll iyl (alyil (3-5)Jsaal

33l i) g Jaiall gl ¢ sl
fc (MPa) 36.81
Material Model Number 1
EX (MPa) 4i5¢ Jalas 28515.49
PRXY 05l 5 Jalxa 0.2
Open-shear Tr Cof s sidall (5525l [aill Jalaa 0.3
Closed-shear Tr Cof Zalaall (3 585l (sl Jalaa 1
Uniaxial-Cracking Stress (s sl 28 slga) 3.681
Uniaxial-Crushing Stress s ssall abaill Jga) -1
Biaxial Crushing Stress 0
Hydrostatic Pressure 0
Hydrostatic Biax Crush Stress 0
Hydro Uniax Crush Stress 0
Tensile Crack Factor 0.6

: duaapad) dadlal) R ase i) miliay AW sdl pabedl] (lucad daiai —2-1-2-5

AV sl) gl (ludad dadall addicaal) dgasall yuaisl) gsi —1-2-1-2-5

DY) dahiaal b al) lasad dadail (8-5) UKl b xasally (BEAM188) jaiall aladinl o
byl e oyiage (re Cllig 3-D gl (e eaiall 13ag cdialal) L3sall aac il milia dadatl ALYl
Jsa clihss ADU, ((ZeY X) DA clalasy) & VUl A0 b Ly Slayd Cauy 2l 330 ISy
Jlaady) clapbig 85l illyeally cdabadll VAl dadail lan ralie paaiall 1aag o(ZYX) slall
enlall Cuaally cCallaad¥) Jiliss cpe JS3 ) Jiial) e 43)08 yuaial) 138 Slie gee 5uS) daadU
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Aoy Vs ¢ [20]eaY) LahasdU) z30aill 2685 Coally pallly el ogiill e apay Sliey LeS ol
(o Alialpe 23085 Cang (A1 mpel) Ankiie s 4l amgl idly Asia ulsh & (BEaM188) yain)

LNl ilin s bl 38 dadail padiviall (Beam188) asasall juaiall (8- 5) J<al

:(Beam188) 1giaall jaisll dajml) ahadall —-2-2-1-2-5
ANSYS zaliy 3 dilall LVl milially mobedl) Glacadl 3l alaliall Blase (4-5) Jsaall

ANSY'S zaliyn Lalall L35l miliaay moldll (lucadl ducajall alaliall Cliialge (4-5)Jgaal)

bl g 5 ) bl o shll zlul) LAl ape il milin
(mm ) kall 6 8 -
(Name) a=Y! S-cross S-long Plate
(Sub-Type) =l adaidll Cranan (g il Craan (5 il Cracas Jehatoa
(Mm ) (H<B) 2! - - (3¢ 20)
(M) (R) bl hd o 3 4 :

gSsbu Cinagi g 5alal) atbad —3-2-1-2-5
Aolee o bl 2 Ldlal) e il ilialy duajally Adshall 43Vsil bl (Lol ALay) dadaill yie
Bagadiall dahaiall (0 JS 8 (Elastic-Perfect Plastic) disalll dab — &ije sale she 0o 3)loe M4l
DA 05 of by s lns gl iy Cum ¢(9-5) Sl 8 peage 98 LS dlagiaal) diaially
Gun calall Alasi D 48K (JLaiV) — (gyonal) gaVl) dDle yiad A (Jaid dyysaall Algand) Ja e
o3¢l gouadll algal waas iy e (Bilinear Isotropic) duald aladsul glucadll dlohu Cojm
g oall Jalas dad o yialy Siaall (o ST diad 5% 0 ang (53l Ll Jalae 33a3 e ¢ Lol

20] Woles alal
gelin ahadinl Lblaal)l Auhall 4 aodieall molaal) e sale ole Cauyai (5-5) Jsaall magg
.ANSYS
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Compression

-

Tension

2lly Jaiaall Al jo b aiiesdl) pealecl) Ngdl sgil) — slgaY) inie (9-5) IS

ANSYS zaliy alaaiuly (Beam188) yaisll sale Wl Chrasi (5-5) Jsaall

= : Model Material properties
- Number | TYPe
Lasiiuall
daha- (al Al 32s 5e - Linear Isotropic
EX 2.1*10° N /mm?®
PRXY 0.3
2 Beaml " ra—— — -
8 eam188 Aahal) U al Al 30a 90 -Bilinear Isotropic
Yield Stss 5.023*10° N /mm®
Tang Mod 0
daha- al All 328 50 - Linear Isotropic
EX 2.1*10° N/mm?®
PRXY 0.3
Beaml " — — -
6 3 eam188 Aahall U al Al 32a 90 -Bilinear Isotropic
Yield Stss 4.333*10* N /mm”?
Tang Mod 0
daba- al All 32 50 - Linear Isotropic
. EX 2.1*10° N/mm?
Aata PRXY 0.3
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Abstract

Engineering buildings and their structural elements, such as columns, are exposed to many
damages due to many factors, which greatly affects the resistance of these structural
elements, consequently, the need to strengthen and rehabilitation it to prevent its failure,
One of the creative techniques that must be developed in order to strengthen the
damaged concrete columns is confinement with steel structure.

This research includes an experimental, theoretical and analytical study of reinforced
concrete columns subject to axial load, the columns were of a circular cross section with
a diameter (15cm) and a height (40 cm).

The experimental study included preparing and testing twelve groups of columns, each of
them includes three similarly reinforced circular concrete columns, six groups were
executed using a compressive strength of concrete 25.3MPa, while the remaining six
groups were executed using a concrete having compressive strength of concrete
36.8MPa to study the effect of this on the behavior of the confined circular columns, two
of these groups were considered reference ,using the rest of the groups the
experimentally effect of changing the bonding pattern between steel plates and concrete
surfaces using two types of material was studied (POLYCRETE-FBR, POLYESTER
RESIN) this is to determine the best technology in terms of ensuring full joint work
between the strengthen plates and the confining column, the effect of the change in the
compressive strength of concrete of the column was also studied, the effect of the shape
of the confinement model was studied (only three ring plates, only five ring confined by
using only five steel sheets and compared their results with experimental plates, three
ring plates with four verticals, five ring plates with four verticals, two ring plates with four
verticals ) on the model of failure, ultimate load and the maximum axial displacement of
the tested columns.

The ANSYS program was used to model reinforced concrete circular columns results. An
accurate and reliable analytical model was found.

The results of the experimental, theoretical and analytical study completed in this
research showed a good effectiveness of confining the steel structure in strengthening
the reinforced concrete circular columns as it increased its durability and ultimate load

with the reference column, some conclusions and recommendations were reached.
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