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Abstract
The main purpose of this study is to evaluate the strength of concrete shells with carbon fiber reinforcement on the basis of

linear buckling analysis. The ultimate strength of con¢rete shells could not be easily evaluated because of the requirement of

expensive experiments or complicated numerical analysis. However, on the basis of linear buckling analysis, as proposed by

the revised version of the IASS Recommendations, strength evaluation could be easily predicted although with a rough

precision. Therefore, in this study, ultimate strength evaluation by stability analysis is carried out with consideration of an

effective initial imperfection corresponding to an actual shell thickness fluctuation. For this purpose, hemispherical shells

fabricated from concrete reinforced with carbon fiber chips and cylindrical shells fabricated from concrete reinforced with

carbon fiber composites were investigated. These shells were supported without any additional stiffening members in order to

clearly analyze the boundary conditions. The results of ultimate strength evaluation are discussed on the basis of a fracture

strength experiment.
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Table 1 Cylindrical Shell Models.
Lavel=[1]-[2]-[3] Material Properties of Concrete Shell Thickness
[1] 2] (3] . Coefficient -
Ultimate X Ultimate
Young’s N Poisson’s Standard of
Model . . Compres: N Average o o Strength
prateral | Pt | Nt | Sweagm | RS | mfmed | D | Vet |
i} =Tl Ta
CFN o ] 7.83 2.06 0.26 346
C}F?‘A Carbon N:None s ois o1 9.02 1.55 0.17 8.39
CFB . 3 ) . L. 0. 10.80 3.09 0.29 6.04
CFT o Fiher Chip Aal 8.52 1.76 0.21 5.07
CFL Cylindrical B-Bottom 9.83 2.26 0.23 5.42
CRN Y Shells : 11.10 1.83 0.16 5.3z
CRA R: TTop 12.85 2.33 0.18 9.22
CRE Steel 23.7 53.3 0.230 i1.15 1.63 0.15 6.66
CRT Reinforced LiLocal 10.13 1.46 0.14 6.55
CRL 10.22 1.96 0.19 6.15
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Table 2 Hemispherical Shell Models.

Lavel={1}-[2]-[3] Material Properties of Concrete Shell Thickness
[1] {21 [E]] . Coefficient .

Model : Number Toung'’s Ccr'.lllllg;l;:;:ve POiSS?DYS Average Stal.]da.'rd o f X gtl::::ga:ﬁ

Shape Opening of Modulus Strength Ratio | p\lmm) | Deviatlon | Varation (]
P Arrangement Openi ‘E{GPal FelMPal v ‘Toalmm} CV
pemngs retra (=Tea/Ts)

HNN N:None 7.34 2.25 .31 5.37
Ho2 I=évipn N:None $.23 2.54 0.41 2.63
Ho4 H: I=0Opening 5.12 2.25 0.44 2.06
H22 Hemispherical Arrangement 2:Two 24.1 64.4 0.213 6.23 1.89 0.30 1.97
H24 Shells Parameter 7.92 2.94 0.37 2.18
H32 ©®v:Variable angle 4:Four 6.63 2.16 0.33 1.27
H34 uUnit Angle(15°) 7.24 2.37 0.33 1.06
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Table 3 Compatible Thickness Ratio.

Y OlAve)

Model T. T,
ode. A s aw Y1 Y2 Yo D)

CFN 7.83 2.06 1.26 0.84 | 0,74 1.14
CFA 9.02 | 1.56 1.37 | 0.85 { 0.83 || 1.02
CFB 10.80 | 3.09 1.86 | 0.83 | 0.71 1.16
CFT [ 8.52 1.76 1.60 | 0.81 | 0.79 1.02
CFL 9.83 2.26 1.65 | 0.83 0.77 1.08 103
CRN | 11.10 | 1.83 | 2.04 | 082 | 0.84 || 0.98 (7%)
CRA 12.85 2.33 2.53 | 0.80 | 0.82 0.98
CRB 11.15 1.63 1.85 } 0.83 | 0.85 0.98
CRT 10.13 1.46 193 | 0.81 | 0.86 0.95
CRL 10.22 1.96 1.63 | 0.84 | 0.81 1.04
HNN 7.34 2.25 1.66 0.77 | 0.69 1.12
H02 6.23 2.54 1.80 | 0.71 0.59 1.20
HOo4 5.12 2.25 145 | 0.72 | 0.56 1.28
H. H22 6.23 1.89 1.69 0.73 | 0.70 1.05
H24 7.92 2.94 | 240 | 0.70 | 0.63 1.11
H32 6.63 2.16 1.35 | 0.80 | 0.67 1.18
H34 7.24 2.37 1.76 | 0.76 | 0.67 1.13
Note) «: Compatible Thickness

v 1 : Strength Adjusted Thickness Ratio [{=(Ta- & 10)/Ta}=(T1/Ta)]
v 2: Fluctuated Thickness Ratio [{=(Ta~Ts)/Ta }=(T2/Ta)]

v o: Compatible Thickness Ratio {=v /v 2}
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