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Analytical Study on Concrete Cover Thickness of Anisotropic FRP Bar

Seong-Tae Yi'"

Abstract: In this study, to examine the effect of the transverse thermal expansion behavior of FRP reinforcing bars and concrete on the concrete cover
thickness, based on 20°C, when the temperature changes from -70C to 80°C, the behavior of concrete was studied theoretically and numerically.
Theoretical elastic analysis and nonlinear finite element analysis were performed on FRP reinforced concrete with different diameters and cover
thicknesses of FRP reinforcement. As a result, at a negative temperature difference, concrete was compressed, and the theoretical strain result and the
finite element result were similar, but at a positive temperature difference, tensile stress and further cracks occurred in the concrete, which was 1.2
to 1.4 times larger than the theoretical result. The ratio of the diameter of the FRP reinforcing bar to the thickness of the concrete cover (c/db)is closely
related to the occurrence of cracks. Since the transverse thermal expansion coefficient of FRP reinforcing bars is three times greater than that of concrete,

it is necessary to consider this in design.
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Fig. 1 Concrete cylinder with FRP bar at the center for transverse
thermal expansion
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Fig. 2 Specimen geometry and instrumentation(Masmoudi et al.,
2005)

Table 1 Specimen details(Masmoudi et al., 2005)

Specimen Bar diameter | Concrete cover o/db Specimen length
db (mm) ¢ (mm) L (mm)
C-10-20 9.5 20 2.1 380
C-10-34 9.5 34 3.6 380
C-13-19 12.7 19 1.5 380
C-13-32 12.7 32 2.5 380
C-16-23 159 23 1.5 380
C-16-30 159 30 1.9 380
C-19-22 19.1 22 1.2 380
C-19-29 19.1 29 1.5 380
C-25-19 254 19 0.8 380
C-25-25 254 25 1.0 380

Fig. 3 2D plane stress FE model of the specimen
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Fig. 4 Stress-strain-damage relationship of the concrete

A7, £, AT, wy= A2 o] 02 mhe] #LAT

AR E T 4 (15)9F 2.

54£ 15
7, (15)

o714, 222 E 9ol A] ¢, 0.04 N/mm= 78kt
(Lopez et al., 2008; Grassl et al., 2008)

o 4- Ay EF-E/d) g IA = Jankowiak and Lodygowski
(2005)&] WHEA St thgk 479} Kim & Adu Al-Rub(2011)
o] AFE Fuste] AA3FHTHFig. 4). Concrete-damaged-
plasticity 22| A~/ 77 w72+ Prakash et al.(2011)
o] AFE 15+ Table 20 YERA 3h& AR5t

3.22 FRP KA

FRP B7}-& A2k HIRIT & o] Foi % BEgHA = Aot
T} kel EAJo] ol ol EAS VAL Utk &
Ao =22k By o2 k] AFNhE afjAlstr] 9
3l o} B HEE oA ko guek e A
o} wtek szolu] 18] 1 WF A= Masmoudi et
al.(2005)2] A= %3}t Table 3). &3 FRP R742]

gugee 1 a)4e] Wslol SPshA o] mEol] FRP 1
Ao A8 e s

Table 2 Parameters of the concrete plastic model

Parameters Input value
Dilation angle 15.0
Eccentricity 0.1
K* 0.667
Viscosity Parameter 0.005
Ratio of the ultimate biaxial compressive stress to the 112
ultimate uniaxial compressive stress
Ratio of the uniaxial tensile to the uniaxial 0.1

compressive strength

*Ratio of second stress invariant on the tensile meridian to that on
compression meridian at the initial yield for any given value of the
pressure invariant

Table 3 Properties of FRP rebar

Transverse elastic| Transverse | Transverse expansion
Rebar . R R
al modulus, poisson’s coeffcient
material | 5 (MPa) ratio v, a, (x10-6)
GFRP 7,100 0.38 33
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Fig. 5 Thermal strain for ¢/db > 1.5
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Table 4 Cracking temperature difference

Cracking AT (C)
FRP bar/concrete External surface
Specimen | ¢/db interface of concrete
Analysis FE Test FE
results results results results
C-10-20 2.1 21 20 - -
C-10-34 3.6 22 21 - -
C-13-19 1.5 20 19 30 45
C-13-32 2.5 21 21 - 52
C-16-23 1.5 20 20 40 47
C-16-30 1.9 21 21 - 46
C-19-22 1.2 19 19 30 36
C-19-29 1.5 20 19 30 45
C-25-19 0.8 18 18 30 27
C-25-25 1.0 19 19 30 27
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Fig.7C

C-10-20 C-10-34
(a) D=10 mm
C-13-19 C-13-32
(b) D=13 mm
C-16-23 C-16-30
(c) D=16 mm
C-19-22 c-19-29
(d) D=19 mm
C-25-19 C-25-25
(e) D=25 mm

rack distribution at A7=60T
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