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Abstract

This study concerns the strength of concrete shell structures reinforced with composite carbon fiber, which consists of carbon
fiber chips and carbon fiber sheets. The glue work between the concrete shell surface and the carbon fiber sheets had
imperfections in our previous study, so the strength of concrete reinforced with carbon fiber sheets could not be confirmed in
the previous experiments. Accordingly, in this study, more precise careful glue work was attempted so that reasonable
experimental results were achieved in comparison with numerical results. In the experimental study, small-scale cylindrical
shell specimens with four kinds of regions reinforced with carbon fiber sheets were applied with a single static point load until
fractural states were attained. In the theoretical study, material and geometrical nonlinear finite element analyses including
tension cutoff and tension stiffening effects were adopted to compare the results of the fractural experiments. The strength of
concrete shells reinforced with composite carbon fiber is discussed on the basis of the results of the fractural experiments and
numerical analysis while taking the effects of shell thickness into consideration.
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Fig. 1 Shell Model.
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Fig. 2 Reinforced Regions with Carbon Fiber Sheets.

Table 1 Shell Model.
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First Capital | Second Capital CFCRC Shell Thickness
Ultimate Ultimate
Young's - . . . Global Global Local Local
T
Model Name | 1 torial Sheet Region | Modulus:E | (ompressive ensile Foisson's | Average | Standard Average | Standard
[GPa] Strength:Fc | Strength:Ft Ratio:v (mm) Deviati (mm) Deviati
2 [MPa] [MPa] mi eviation mm eviation
FN None:N 24.3 48.7 3.94 0.228 8.67 1.24 8.59 0.623
ET Carbon Top:T 24.5 52.5 4.46 0.227 9.03 1.15 9.15 0.438
FB Eiber:F Bottom:B 24.5 52.5 4.46 0.227 9.14 1.28 9.38 0.534
FA All:A 243 48.7 3.94 0.228 8.57 1.29 8.46 1.23
Table 2(a) Material Properties of Carbon Fiber Sheet.
. . } . Modulus of . i .
Fiber Diameter Tensile Strength . .. Elongation Density . . Weight
Type Texture fum] [GPa] Tensnl[eGl;]:]suclty %] [N/mm] Specific Gravity [N/mm?]
TR3110MS | Plain Fabric 17.00 1.12 71.60 1.50 1.03x10° 1.90 1.96x10°
Table 2(b) Material Properties of Carbon Fiber Chip.
. . . Modulus of . .
. Fiber Diameter Tensile Strength . .. Elongation Density - .
Type Fiber Length [um] [GPa] Tensnl[eG%l:]stlcaty [%] [N/mm’] Specific Gravity
K661 18.00 17.00 1.77 180.00 1.00 1.90x107° 1.90
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Fig.4 Load vs. Displacement Curve
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Table 3 Strength Ratio Adjusted by Shell Thickness.
Strength E00 S00 TG1 TL1 E10 EG1 EL1 EG1® EL1? EGI® ELI’
L;FA/EN 2.69 2.96 0.99 0.98 0.91 0.92 0.92 0.93 0.94 0.94 0.95
2;FB/FN 2.05 1.94 1.06 1.09 1.06 1.00 0.97 0.95 0.89 0.90 0.81
3;FT/FN 2.16 1.54 1.04 1.07 1.39 1.34 1.31 1.28 1.23 1.23 1.15
Average — — — — 1.12 1.09 1.07 1.06 1.02 1.03 0.97
STDEV — — — — 0.25 0.22 0.21 0.20 0.19 0.18 0.17
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Table 4 Ultimate Strength.

Ultimate Strength
Experiment Average Discrete
Model N
odel Name Model Model Model
[kN] [kN] [kN]
FN 1.68 1.90 1.63
FT 3.56 3.19 3.51
FB 3.38 3.32 3.19
FA 4.44 4.52 4.11
20% N
g
% 0%
-4
g
a
-20%
FN FT FB FA
B Average Model 13.2% -10.3% -1.8% 1.8%
# Discrete Model -2.9% -1.3% -5.7% -7.4%

Fig.5 Ultimate Strength Ratio to Experimental Strength.
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1.25
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