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ABSTRACT

In order to study ultimate flexure behavior of FRP-concrete composite structures which can replace reinforced concrete structures,
ABAQUS, a general purpose analysis program, was utilized for numerical nonlinear analysis of structural performance and behavior
characteristics of FRP-concrete composite beams. Explicit nonlinear finite element analysis was conducted and the numerical results
were compared with previous experiments. Concrete damaged plasticity model was adopted as material properties of concrete and
Euro code was used as compressive stress state. Nonlinear analysis was performed for four different types of FRP-concrete composite
beams, and ultimate load and cracking pattern was compared and analyzed. The model suggested in this research was able to simulate
ultimate load and cracking pattern properly, it is expected to be utilized in study of precise structural and behavioral characteristics of
various FRP-concrete composite structures.
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ageael, ABAY 5 T Bl 54 248
918} Apusiglont, e 2ApIlel Wkt 20371l e i
WA 7% 59l e FAsiet ol et Aavee Shasp
Hla Ao w 2457 A28t Cheng et al., 2007;
Erki, 1999; Tang et al., 1999). *}& EFHIAER S8
HORARE #E 5+ F2EARY] o8% AL FTIIAL U= FA0]
1, ZIYEFAA D29 AF o Re] oo H
7} F8Y Fo]tk(Bank et al., 2007; Cho et al., 2007). FRP=
Fale e B0 AR P gL TR £
EZALA AR AT A 2 2R, o) A AR
e w72 AR E AA Tl Bagh B Q1T AR
2 FAHIE F7IF0 R 22U 4 U= Rbet(Yoo, et al, 2007).

£ FRP-ZAZE 7= /gL S3TE e A FRPE
AFF o & g3l FIEV} PYE o= FRPE QIRA
A2 AHgele] EaEEe GATES ol B TR eI
PR E)Es) A4 FRPE $3723} Fho24
AA, A3, A E TS 2R AR FTERE
Ao 7 AFolA ARgsl] ffeixE TR AsEAE
4ops) sfetelis o] FRan] AFiA] T2 AR Aol
Wo] o]&s)a Iti(Bank et al.,, 2010; Um and Yoo, 2015).

£ ke FRPE QIPRAA] 2 AFe 2 285 FRP-&
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element method)¥} £]914 /-8kQ A (explicit finite element
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g5 74T eVt gla A 9A] SRt 7L e eAE
T5p7] wiEe] & EAlgle] AR shE 7 < QITkKim
et al., 2003).

£ d7e EEETETEE ki FRP-Z3ZE 372
9] 3 AEol B3 Ao R, FRP-ZAZE R 724 s
2 A% 548 SdeR et B sz
ABAQUS (Dassault Systems, 2014)Z A}&-5}o] 2]937] v)Ag
fehasalie ANEKL 7] Sae AR v AekAt ik
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Fig. 1. Dimensions of FRP Plank (mm)

Table 1. List of Experiments

Name of Tensile Perforation Top ﬂ ange P?:rforated
. No. | . width interval
experiment reinforcement | of the web .
(mm) (times)
Sand coated No
NOFC40N | 2 FRP perfobond 40 -
NOFCa3N | o | Sandcoated | b ond | 40 3
FRP
NOFCasN | o | Sandcoated | pond | 40 5
FRP
Sand coated No
NOFC20N | 2 FRP perfobond 20 -

Table 2. Material Properties of FRP

Production | Thickness Tensile | Compressive | Elastic
Type method (mm) strength | strength modulus
(MPa) (MPa) (GPa)
Glass | Tulirusion | 5 386 328 253
process

ARgERA] ekt Fig, 13} 2+o] glB(rib)7} 27071 Z3h=A] 180
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H|aL AgdA|e] Algelct a3 Azlel] A3 ZABES] U5
% 43 MPac]®], Table 2¢] FRP o] B4 JERJZITHUm
and Yoo, 2015).
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Fig. 2. Dimension and Typical Instrumentation of Specimens (mm)
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eS| AFEEE2 ABAQUSIN B 7HA] AlEstal =
d] 71 % Lublinear S(1989)0] %S A2k} ABAQUS (Dassault
Systems, 2014)0i|x] 7x18}e] =48 ZIZE £ 4~J(concrete
damaged plasticity) =S AF8-3FcH(Genikomsou and Polak,
2015).

FI2ES] & HEL BC2 2dlS olgsle] ozl =
H-HPE WAE Belsiglon WA vhast Zri(Eurocode,
2004).
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Fig. 3. Stress-strain Diagram for Uniaxial Compression
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Fig. 4. Stress-crack Opening Diagram for Uniaxial Tension

ek 73S RISk} BlIECEB-FIP, 1993). 917352 &
9] AL Fig. 49} o, oJ71A fume HojoIdgHo g
0.30f,2%, wis @HZo|n, Gi= 7)ojLiz|o]ciKmiecik and
Kaminski, 2011).
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Holal, H B ofF 3134 o5 e Hol), B Apoe
SR RN ABSH= 2o sl mdgsigict

32 ST W 2R

A feka g Ze ARE 7S 7HA ZF wAleA
AR EE 7S Tt oL A Al ke g v oAl
o] s 7 F glomE 33 1A E T2 FAldA Wiz
Hp ARl vlal 71eters] Bliddg o] wike- & 9o Alse
st Ao] Algk Aol slE AR 8 = AR
ULk & oM v FEke asiale € s
ABAQUS/ExplicitE AFE-3193a1, 331 78X mells 1436}
o HIAdE M-S stk HIAE sixe) ddste] My
uRE 7Iskeld updEs Al upPdEs Al aeeEtoH, Als
82 AsATEES Fste] Aol 712 E43E e =S4
HRIEIITE FRP o] AEE5A1S Table 29] B34S 28319tk
FRP-ZHZ|E A|AIE AR ] 913 fdhas mde Foe|E
& FRPES Alefe 32k Al g4 Hdgskal, FRP ¥-&
A& g 23 - Blol7K(tie constraint) BAIEIE AN
Eisis

Fig. 59} o] sfjaidlgle: i dS arefele] 14 o 2=
TABIITE ZI8E B 7R (reduced integration)S -8
3t 887 34 £8l=8448-node 3 dimensional solid, C3D8R)
= RUgsglal, FRPE 8385 AMAE 344 48 2x(8-node
quadri-lateral continuum shell, SC8R)-& A3}tk
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Fig. 5. Analysis Model of Specimen
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Kang, 2017). 84¢] =7], *§7¢7K(dilation angle), T}Fjel[L4=],
HE K, S5 58 Hes ARSI, A8k vla 4%
A3} @771 = 20 mm, HAZRE 30°, ¥4 K 0.667, Tajoju]
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Fig. 6. Load-displacement Curve of NOFC40N

Table 3. Analysis Results of NOFC40N

P1 (kN) v 100 DI (mm) O¥ 100
X mm X
PEX DLX
NOFC401 |84.83 1441
83.1 - 14.64 -
NOFC402 |8137 14.87
FEA 86.50 104.1 1527 105.8

(maximum principal plastic strain)o] %K+) d ] THo] A|R}tH]
w, TFe] WIS Ao T PRI E TR R Ts R
o]& g3te] Fig. 7(a)e} 2o A3t & 4 Yok

AAe} A Be Sdsithiolx] 2rlddo] ARt
o] A} e} =, AT = FHo] WA= HHE
HojFn], HF2 0w S3kelEolr FRPS] A Z9lx)eh 2=
2= Aolol Blelels e BARKL vk Asade} sha
72 v)ashE, NOFC4ONS] Slsha] ghe H) FakslE 2kt
W] Zke 86.50 kN, 15.27 mm o]t} HelEg v)we of
oF 4.1%2] QA2 VR glow HukAQl slE-g] FAe
A} YRS & ATk

AEZ =] £l 20 mm 2] NOFC20N9] x[s)2] 27 2=
=Z35123k 90.55 kN, #H9Izk 18.11 mm o|th 7% A¥AA
NOFCAON} fA18HA] Z7174d0] =ik =] Lepgon]
T4 Fo] AL FARH LrElstth FRPE] AFR-E07] 2o]
40 mm<l 7k @A vla) HFZQ) dEY e FEA
o} EaelEo] vlejuhul} ohd Q] Hsk] Fefoloick ojs}
Ze AR BUA 29 FL Bt T8 gl Ak
FrARHAl Rjel el e A btk sle-Ri] =4d3) Skt
% k2 Fig. 85} Table 49l vehfIQlom, z¥zke] a1k oA
¥ ¥El= Fig. 99} 2tk
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Fig. 7. Crack Pattern and Failure Mode of NOFC40N
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Table 4. Analysis Results of NOFC20N

DV
P1 (kN) DI (mm) -
EX DEX
NOFC201 [91.15 16.75
93.28 - 17.74 -
NOFC202 [95.41 18.73
FEA 92.15 98.7 15.79 89.0

Fy=23.11kN

0.4 Fu=3542kN

0.6 Fu=55.00 kN

Fu=92.15kN
(a) Crack Pattern of NOFC20N by FEA

- - — e e
NOFC2021 s = \» & = [ - =

(c) Back Face of NOFC201
Fig. 9. Crack Pattern and Failure Mode of NOFC20N
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Z7] 7749 B vE SRS ARl A Akt T
A B o 2T o]F e 2rdle Adddet
FrAFeiLE FRELoX] 7o) Asheo] tha: e = Pde
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Fig. 10. Load-displacement Curve of NOFC45N

Table 5. Analysis Results of NOFC45N

FRP-222E @4ne] W %o et oldd vy fatats)

u, 89 Ak} 415 Peie

P1 (kN) DI (mm)
PEX EX
NOFC451 |93.07 16.06
9225 - 1571 -
NOFC452 |91.43 1535
FEA 80.77 87.5 1333 84.8
Fy=22.05kN

0.4 Fu=35.85kN

0.6 Fu=50.22 kN

Fu=80.77 kN
(a) Crack Pattern of NOFC45N by FEA

Fig. 11. Crack Pattern and Failure Mode of NOFC45N
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Fig. 11. Crack Pattern and Failure Mode of NOFC45N (Continue)
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Table 6. Analysis Results of NOFC43N

Py N
PI(KN) | —=Lx100 | DI (mm) %100
PEX EX
NOFC431 [79.68 15.11
81.90 - 15.68 -
NOFC432 [84.13 16.25
FEA 77.67 94.8 15.12 88.9
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Fig. 13. Crack Pattern and Failure Mode of NOFC43N
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