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Abstract

The main purpose of this paper is to investigate, both experimentally and numerically, the mechanical behaviors of

reinforced concrete circular cylindrical shells with carbon fiber sheets under impact point load. The reinforcement with carbon

fiber sheets, which were attached on the shell surface, resulted in mechanically favorable characteristics of shell structures,

particularly under impact load, with relatively easy operations. Both of an attached area and the reinforced direction of carbon

fiber sheets were investigated for the failure pattern of a concrete shell. A failure experimental study was conducted on

different types of small-scaled shell specimens, ones of which were made of a reinforced concrete with carbon fiber sheets and

the others of which were made of that without the sheets to compare their mechanical behaviors. These specimens were loaded

at the center of the upper surface with impact point load. As for numerical analysis, nonlinear numerical calculations were

carried out by a nonlinear transient dynamic finite element method. Cracking patterns and nonlinear behaviors were discussed

based on experimental and numerical results.
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Label = [1]-[2] . . Shell Thickness [mm]
il @] Material Properties of Concrete (Ratio to Ty in Parentheses )
Ultimate Ultimate .
1 g N
Model Sheet Size of Sheet Size of Young’s Compressive Tensile Ponss'on' s Standard
X Directi . N Modulus : Ratio : Average I Reduced
irection Y Direction E [GPa] Strength : Strength : Deviation
a F. [MPa} F, [MPa] v
NN N : None N : None 26.1 58.5 3.62 0.195 11.82(1.01) 1.79(0.15) 10.03(0.86)
Q : Quarter Q : Quarter

QH 280(mm] 280[mm] 23.0 53.1 3.55 0.211 11.65(1.00) 2.24(0.19) 9.41(0.81)

HQ H : Half H : Half 26.2 64.0 2.72 0.209 10.91(0.94) 1.50(0.13) 9.41(0.81)

HH F Sfﬂ[m‘“] S560[mm} 27.1 56.2 3.43 0.233 11.36(0.97) 1.71(0.15) 9.65(0.83)

FQ 1120[{mm] 20.4 55.0 3.29 0.211 12.59(1.08) 2.17(0.19) 10.42(0.89)
Average — — 24.5 57.4 3.32 0.212 11.67(= Ty) 1.88(0.16) 9.78(0.84)

Table 2 Material Properties of Steel. Table 3 Material Properties of Carbon Fiber Sheets.
. Ultimate . . Modulus
Steel Bar Young’s Yield ; Fiber Tensile " N . . .
Diameter Modulus Strength Tensile Type Texture Diameter | Strength OfTCI.lS‘lle Elongation Densttg' Spect{ﬂc Welghzt
{mm] [GPa] [MPa] Strength [ 1 [GPal Elasticity (%] (N/mm’] Gravity {N/mam?]
[MPa] “m [GPa]

0.85 186 162 250 Plain os ~ 6
2 335 364 363 TR3110MS Fabric 17.0 1.12 71.6 1.50 { 1.03X10 1.90 | 1.96X10
D3 198 334 487
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Fig.2 Failure Experiment.
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