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Influence of Various Parameter for Nonlinear Finite Element Analysis
of FRP-Concrete Composite Beam Using Concrete Damaged Plasticity
Model

Seung-Woon Yoo’, Ga-Ram Kang
Department of Civil Engineering, Catholic Kwandong University
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Abstract This paper examines the flexure behavior of FRP-concrete composite structure that can replace conventional
reinforced concrete structure types. In order to investigate the structural performance and behavioral characteristics
in numerical analysis means, ABAQUS, a general purpose finite element analysis program, was utilized for nonlinear
finite element analysis, and the various variables and their influences were analyzed and compared with experimental
results to suggest values optimized to this composite structure. The concrete damage plasticity model and Euro code
for concrete were used. In the implicit finite element analysis, the convergence was ambiguous when geometrical and
material nonlinearity were large, so the explicit finite element analysis used in this study was deemed to be
appropriate. From the comparison with the experiment about concrete damaged plasticity model, 20mm for the mesh
size, 30° for the dilation angle, 100Nmm/mm’ for the value of fracture energy, 0.667 for Kc value, and the
consideration of damage parameter were suggested believed to be appropriate. The numerical model suggested in this
study was able to imitate the ultimate load and cracking pattern very well; therefore, it is expected to be utilized in
research of various new material composite structures.

Keywords : Composite beam, Concrete damaged plasticity model, Explicit finite element analysis, FRP, Nonlinear
analysis
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(ﬁber reinforced polymer: FRP)
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Table 1. List of experiments

Name of Tensile Perforation Top flange
experiment reinforcement of the web width(mm)
NOFC4021 | Sand coated FRP No perfobond 40
NOFC4022 | Sand coated FRP No perfobond 40
Table 2. Material properties of FRP
Production | Thickness Tensile | Compressive | Elastic
Type thod (mm) strength strength modulus
me (MPa) (MPa) (GPa)
Glags | Pulirusion | 5 386 328 253
process
_40>
45 75
3 180 o
ol
i
1000 1000
Fig. 1. Dimensions of FRP plank (mm)
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Fig. 2. Dimension and typical instrumentation of specimens
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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
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Fig. 6. Load-deflection response for different values of
viscosity
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Fig. 8. Load-deflection response for different values of
dilation angle

Table 3. Results for different values of dilation angle

HON B U0 ILUN P 0
NOFC4021 84.83 1441
83.1 - 14.64 -
NOFC4022 81.37 14.87
NOFC402-100-26 90.05 108.3 14.91 101.8
NOFC402-100-30 86.50 104.1 15.27 1043
NOFC402-100-34 100.78 121.2 16.49 112.6
NOFC402-100-38 106.92 128.6 19.13 130.6
NOFC402-10042 109.35 131.6 19.52 1333
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Fig. 9. Load-deflection response for different values of

fracture energy

Table 4. Results for different values of fracture energy

W || em | o
NOFC4021 84.83 1441
83.1 - 14.64 -

NOFC4022 81.37 1487
NOFC402-70-30 7143 93.1 12.13 82.8
NOFC402-80-30 83.77 100.8 13.31 90.9
NOFC402-90-30 93.56 112.5 15.51 105.9
NOFC402-100-30 86.50 104.1 15.27 104.3
NOFC402-110-30 89.75 108.0 14.31 97.7
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Fig. 10. Load-deflection response for different values
of K

Table 5. Results for different values of A

K. @ | 7 | am | 5
eI =
0.667 86.50 104.1 15.27 1043
0.9 83.67 100.6 14.32 99.0
1 83.46 100.4 15.19 103.7
4.6 &4AIre| JE
TAYE & 2R E ZAYESY 45 2
AYE FIFE Bl 11T F Atk & AFoNA &
AR a1y fritell weh A A A IE vask e
1T FHTE 4F 2 949 B AdgEsY
9 7EERY Agat] Ha RPYEAA ALt
E4AG 2 00014 095714 A A oz wgste A
oz a9t} Fig. 11 3 Table 6 > 4759
18 fFo] M2 FASAATE HAFEh £ oA
B A5 9 G EHAF & 9% FE AR
ddEBE B AR ddXes EHATE 1ysior &
Aoz getEry

Load (kN)
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NOFC4022
—— NOFC402-100-30-dct
—— NOFC402-100-30-dctNot
—— NOFC402-100-30-dt
NOFC402-100-30-dc

10
Displacement (mm)

Fig. 11. Load-deflection response with and without damage

Table 6. Results with and without damage

Py
Prx

D1 Dy
(mm)

Pl
(kN)

(%)

NOFC4021 84.83 1441

14.64

NOFC4022 81.37 14.87

100-30-dct 86.50 104.1 1527 104.3

100-30-detNot 72.81 87.6 10.84 74.0

100-30-dt 88.28 106.2 14.23 97.1

100-30-de 7245 87.1 10.55 72.0
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