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Abstract

The main purpose of this paper is to investigate the strength and failure patterns of carbon fiber chip reinforced concrete
hemispherical shells with some openings under point load at the top of the shell. Openings within shell surface could make the
interior space to be keeping high quality, because both of introducing the light into the inner space and of brightening the
interior space to be comfortable. Therefore up to now many famous concrete shell structures with openings has been
constructed. On the other hand carbon fiber chip reinforced concrete shell structures could realize not only the good
mechanical behaviors, such as high homogeneity and isotropy, but also smooth construction process with none or reducing of
steel bar reinforcing. In this paper, the effects by the number of openings and their arrangements on the shell surface were
investigated for shell strength, both experimentally and numerically. The failure experiment was conducted on carbon fiber
chip reinforced concrete small-scaled shell specimens, which were loaded perpendicularly with point load up to the failure
states. The noniinear numerical analysis was conducted on the layered iso-parametric models with irregularly variable
thickness corresponding the experimental specimens. The results were discussed based on the experiment and numerical
analysis. Furthermore the effects by the variances within material constants of concrete and by those within the actual shell

thickness were also investigated for shell strength.
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Table 1 Material and Thickness Ratio of Experimental and Actual Analysis Model.

Label={1}-2}-{3} Modulus Ratio of Concrete 1o Each Average One Shell Thickness Ratio 10 To
Model [ 2 B3 Young's cﬁlﬁﬁ;‘fve l?fn'l'ﬁf Poisson’s Standard
Model Type Openings States m&’f M;d;:l“‘ s;.:/;i:h S;r:/;sh i‘,;,‘;’ Averag M Mini Deviation
F 1-1 R 1 1.10 104 1.06 1.03 1.37 322 0.67 043
F 12 1: One §=0 2 0.85 093 103 1.05 1.37 3.7 076 0.39
F 2A-1 ; . —ve0° 1 1.10 1.04 1.06 1.03 1.3} 294 .64 0.32
F 2A-2 2A: Two at Diagonal 6 =180 2 {.85 0.93 1.03 1.05 1.50 328 0.85 0.34
F 2B-1 IF: Carbon Fiber Chip . o —on” 1 1.03 111 0.81 097 1.53 3.52 0.88 047
P 282 | Reinforced Concrete 28: Two at = =90 2 1.03 L1} 0.81 0.97 1.36 2.68 0.74 0.30
F 3-1 . . 1 103 0.94 0.99 094 144 326 0.7% 0,34
F 32 3: Thiee §-90 2 0.85 093 1.03 1.05 1.57 3.56 0.86 043
F4.1 3 o 1 0.99 0.98 L12 1.00 1.56 2.84 0.91 0.31
Fa2 W kil 650 2 103 L1l 081 097 168 3.3 035 040
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Table 2 Material and Thickness Ratio of Sta. Model.
Ultimate Ultimate .
: Young’s . B Poisson’s Shell
Analysis Compressive Tensile ) .
Modulus Ratio Thickness
Parameter Strength Strength
E/Ee P/Po T/Te
Fc/Fco Ft/Fto
Fc 1.00 0.5~3.0* 1.00 1.00 1.00
Ft 1.00 1.00 0.5~3.0%! 1.00 1.00
E 0.5~3.0%' 1.00 1.00 1.00 1.00
T 1.90 1.00 1.00 1.00 0.5~2.0%
Note) To=5.00mm Eo=24.2GPa Fco=64.7MPa Flo=6 21MPa Po=0.34

*1:0.50, 1.00, 1.50, 2.00 and 3.00
*2:0.50, 1.00, 1.50 and 2.00

Table 3 Average and Standard Deviation of Strength Ratio.

Averag Standard Deviati
Dis. Model / Exp. Model 1% 0.15
Ave. Model / Exp. Model +12% 0.18
Red. Model / Exp. Model -23% 0.13
35 ¢ 35 ¢
3.0 30 ¢
25 25 ¢t
g 2.0 g 20 |
| B
S 1.5 3 1.5 ¢t
1.0 1.0 ¢
05 05 |
0.0 0.0
00 02 04 06 00 02 04 06
Displacement (mm) Displacement (mm)
Fl-i(Exp.)=» = = =Fl-1(Dis.) F4-1(Exp.)= = = «F4-1(Dis.)
F1-2(Exp.) ------. F1-2(Dis.) F4-2(Exp.) -~~~ F4-2(Dis.)

F2B-1

(2.29)

(a) F1 (b) F4

Fig. 3 Load vs. Displacement Curves of Exp. Model and Dis. Model.

F2B2  F3-1 F3-2 F4-1 © F4-2
(2.15)  (1.83) (252) (2.71) '(2.55) (Unit:kN)

M Ratio of Ave. Model Strength to Exp. Model Strength.

Fig, 2 Ultimate Strength Ratio of Analysis Model to Experimental Model.
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