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Abstract
The strength and postdamage patterns of predamaged and retrofitted carbon-fiber-chip-reinforced concrete cylindrical shells

were investigated, both experimentally and numerically, in this study. The concrete was artificially predamaged before the

loading experiment using a one-point concentrated load, and the retrofit applied to the predamaged shells was realized using

noncontracted mortar and carbon-fiber sheets. In the experimental study, a static point load was applied perpendicularly onto

the predamaged and retrofitted cylindrical shell specimens until the postdamage was obtained by applying the maximum

strength. In the numerical analysis, nonlinear finite element analysis including concrete crack{ng and tension-stiffening effects

was applied. The strength and postdamage patterns of the predamaged and retrofitted carbon-fiber-chip-reinforced concrete

shells are discussed on the basis of the results of the numerical analysis and the experiment.
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Table 1 Shell Model.
Material Properties of Concrete Shell Thickness [mm]
. Ultimate Ultimate

Model Name Young f Compressive Tensile Poisson's Global Global Local Local
Modulus:E g i’ . Standard Standard
[GPa] Strength:F, Strength:F, Ratio:v Average Deviati Average Deviation

a [MPE] [MPa] cviation

FDnn 21.6 59.9 4.5 0.233 8.71 0.86 9.49 0.28

FSan 2L5 56.5 4.5 0.247 8.86 0.74 8.52 0.23

FDaa 22.6 64.4 4.9 0.252 8.43 0.61 8.79 0.37

FDab 23.1 55.9 4.4 0.226 9.13 0.81 9.74 0.35

FDba 23.0 49.5 4.0 0.238 8.82 0.67 9.19 0.47

FDbb 23.0 49.5 4.0 0.238 ° 9.27 0.73 9.78 0.38

FRaa 23.2 66.0 4.6 0.274 9.46 0.66 9.91 0.38

FRab 23.2 66.0 4.6 0.274 8.90 0.74 9.21 0.44

FRba 22.1 59.2 5.4 0.261 9.40 0.95 9.04 0.39

FRbb 23.0 49.5 4.0 0.238 9.36 0.81 9.32 0.42

FSaa 23.2 66.0 4.6 0.274 9.07 0.83 9.79 0.40

FSab 22.6 64.4 4.9 0.252 8.81 0.69 8.76 0.33

FSba 253 70.0 53 0.279 8.59 0.69 8.90 0.44

FSbb 223 84.1 4.4 0.238 8.66 0.60 8.93 0.42

Table 2(a) Material Properties of Carbon Fiber Sheet.
. . . Modulus of . . .
Fiber Diameter Tensile Strength . L Elongation Density Weight
Type Texture Tensile Elastict
” [pm] [GPa) g %] N/mm’] N/mm?}
TR3110MS Plain Fabric 17.00 1.12 71.60 1.50 1.03x10°5 1.96x10°°
Table 2(b) Material Properties of Carbon Fiber Chip.
. . . Modulus of . :
" Fiber Diameter Tensile Strength . .. Elongation Density
Type Fiber Length Tensile Elastici
P Bt [} [GPa] topag %] N/mm’]
K661 18.00 17.00 1.77 180.00 1.00 1.90x10°
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Table 3 Strength Ratio Adjusted by Shell Thickness.

Strength

Ratio Eq Sg Tat Tu E; Eq Eu Eg: Er, Eg Eus
FDaa/FDna 0.87 0.94 0.97 0.93 0.92 0.95 0.99 0.98 1.07 1.02 1.16
FDba/FDnn 0.89 0.81 1.01 0.97 1.10 1.09 1.13 1.07 1.17 1.06 1.21
FDab/FDnn 0.97 0.91 1.05 1.03 1.06 1.01 1.04 0.97 1.01 0.92 0.98
FDbb/FDnn 0.98 0.77 1.06 1.03 1.28 1.20 1.24 1.13 1.21 1.06 1.17
FRaa/FDnn 1.20 0.96 1.09 1.04 1.25 1.15 1.19 1.06 1.14 0.97 1.10
FRba/FDnn 0.96 0.91 1.08 0.95 1.06 0.98 1.11 0.91 1.16 0.84 1.22
FRab/FDnn 0.95 0.94 1.02 0.97 1.01 0.98 1.04 0.96 1.07 0.94 1.10
FRbb/FDnn 0.86 0.86 1.07 0.98 1.00 0.93 1.02 0.86 1.04 0.80 1.05
FSno/FDnn 2.02 2.17 1.02 0.90 0.93 0.91 1.04 0.90 1.15 0.88 1.28
FSaa/FDnn 2.48 2.13 1.04 1.03 1.16 1.12 1.13 1.07 1.09 1.03 1.06
FSba/FDan 2.24 2.11 0.99 0.94 1.06 1.08 1.13 1.09 1.21 1.11 1.29
FSab/FDnn 2.19 2.12 1.01 0.92 1.03 1.02 1.12 1.01 1.21 1.00 1.31
FSbb/FDnn 2.19 2.10 0.99 0.94 1.04 1.05 1.11 1.05 1.17 1.06 1.25

Average - - - - 1.07 1.03 1.10 1.00 1.13 0.97 1.16
STDEV - - - - 0.11 0.09 0.08 0.08 0.07 0.09 0.10
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Fig.2 Strength Error Ratio to Experimental Strength.
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