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Abstract
The main purpose of this study is to investigate, both experimentally and theoretically, the strength of concrete c¢ylindrical
shells with composite carbon fiber reinforcement under point load. In this study, composite carbon fiber reinforcement
consists of carbon fiber chips and carbon fiber sheets. The chips and sheets could improve the tensile strength of a concrete
shell in its internal and external regions, respectively. We investigated how the shell strength is influenced by the differences
among the top, bottom and both surfaces reinforced with a carbon fiber sheet attached to a concrete shell mixed with carbon
fiber chips. An experimental study was conducted on concrete shells in which static point load was applied perpendicular to

the shell surface up to the final fracture state. A theoretical study was conducted by material and geometrical nonlinear finite

element analyses including tension cutoff and tension stiffening effects. Nonlinear numerical calculations including
fluctuations in the actual shell thickness were carried out. The strength of shells with composite carbon fiber reinforcement
was discussed on the basis of the results of the fracture experiments and nonlinear analyses.
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Table 1 Shell Model.
Label = [1] - [2] - [3] Material Properties of Concrete Measmgﬁ:ﬁﬁi;sf Shell
{1] {2] (3] . . Average
Model Young's Cgllltlfe]:;?ve U;t;n;i?:e Poisson's Thickness Standard
Material Reinforced Modulus presst ¢ Ratio [mm] Deviation
Shell P t' Surf :E [GPal Strength Strength sy (Ratio & (cm]
roperties urface : : Fe [MPal “ Ft [MPa) : 8?:: 1;71 )o
CFN ) . N: None 8.51 (1.06) 1.46
CFA Covtindrical | | oo Biber ATAL 9.02 (1.13) 155
CFB Sy AR Ere P B’ Bottom 22.63 61.84 5.78 0.22 10.02 (1.25) 1.61
Shells Reinforced -
CFT Concrete T: Top 8.52 (1.07) 176
CFL L: Local 9.83 (1.23) 2.25
Table 2(a) Material Properties of Carbon Fiber Sheet.
. . . Modulus of . . .
Type Testure Fiber Diameter Tensile Strength Tensile Elasticity Elongation Density Specific Gravity Weight
{1 m) [GPa] {GPa] (%] N/ mm’} N/ mm?]
TR3110MS Plain Fabric 17.00 1.12 71.60 1.50 1,03%10°° 1.90 1.96x10°°
Table 2(b) Material Properties of Carbon Fiber Chip.
. . . . Modulus of . -
Type Fiber Length Fiber Diameter Tensile Strength Tensile Elasticity Elongation Density Specific Gravity
{mm] [um] (GPa] {GPa] %) N/mm’]
K661 18.00 17.00 1.77 180.00 1.00 1.90%107 1.90
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Fig.3 The Ultimate Strength Ratio to Experimental Strength.
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