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Abstract
The main purpose of this study is to investigate the effects of openings within a shell on the strength of concrete

hemispherical shells reinforced with carbon fiber chips. As the variable parameters of the shell openings, the number of

openings and their opening angles of elevation were adopted. Openings on the shell surface could introduce light into the

interior space of a building so that the interior space could be brightened and be comfortable to live in. The concrete with

‘carbon fiber chip reinforcement could realize high homogeneity and isotropy independently of the direction of ordinary steel

bar reinforcement. A fracture experiment was conducted on small-scaled concrete shell specimens reinforced with carbon fiber

chips, which were loaded perpendicularly under point load up to the fracture state. Nonlinear numerical analysis was carried

out to compare with the experimental results. The consistency between the experimental strength and the numerical strength

was checked by taking into account the actual shell thickness. Furthermore, the fluctuation in the natural frequency

corresponding to the fractural state on the shell surface was investigated.
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Table 1 Shell Model.

Type Name=[1]-[2]-[3] Concrete Modulus
Max. Thickness . -~ Average Standard
i1 " B) Ultimat Uttimate “Tmax Min IWCkaess | Thickness | Deviation
Model the Young's Cornpress?ve Te;sﬁe Poiss?n's [mm] -[mm;l T Tsp
Opening number Modulus Strength Strength Ratio (Tmax/To, (Troin/Ty) [mm] [mm]
Type Arrangement of E(GPa) ‘Fc(MPa) Ft(MPa) R To=Smm) (T/To) (Tsp/To)
Openings
HNN N:None N:None 16.40(3.28) 4.00(0.80) | 7.3401.47) | 2.25(0.45)
HoZz i=0,2 and 3 18.40(3.68) 1.80(0.36) | 6.23(1.25) | 2.54(0.51)
H04 H: i:Opening 13.20(2.64) 1.10(0.22) | 5.12(1.02) | 2.25(0.45)
H2? | Hemisphecical Arrangement 2 Two 24.1 64.4 6.0 0.213 13.20(2.64) 2.20(0.44) | 6.23(1.25) | 1.89(0.38)
H24 Model l;:r;)?/zzr 4: Four 20.50(4.10) 2.200.44) | 7.92(1.58) | 2.94(0.59)
H32 ®v=Variable Angle 14.80(2.96) 1.85(0.37) | 6.63(1.33) | 2.16(0.43)
H34 du=Unit Angle (15° ) 16.30(3.26) 1.90(0.38) | 7.24(1.45) | 2.37(0.47)
Table2  Material Properties of Carbon Fiber Chip. .
. . Modulus of Tensile . .
i D
Type Fiber Length Fiber Diameter Tensile Strength Elasticity Elonogatxon enstt); Specific Gravity
[mm] [um] [GPa] *[GPa] [%] [ton/mm*}
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Fig. 1 Shell Model.
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Fig.2 Experimental System.
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Fig. 3 Ultimate Strength Ratio of Standard Model.
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Table 3  Strength Ratio Adjusted by Shell Thickness.

E0 NO TG TL | EG1 | EL1 | EG2 | EL2 | EG3 | EL3 | EO/NO [ EGI/NO | EL1/NO | EG2/NO | EL2/NO | EG3/NO | EL3/NO

HNN 1.00 | 1.00 | 1.00 } 1.00 | 1.00 | 1.60 [ 1.00 | 1.00 | 1.00 | 1.00 1.00 1.00 1.00 1.00 100 | 1.00 1.00
HO2 0.49 | 1.00 | 0.85 | 0.67 | 0.58 | 0.73 | 0.68 { 1.09 | 0.80 | 1.62 0.49 0.58 0.73 0.68 1.09 0.80 1.62
HO4 038 | 1.00 | 0.70 | 0.62 | 0.55 1 0.62 | 0.79 | 1.00 | 1.13 | 1.62 0.38 0.55 0.62 0.79 1.00 1.13 1.62
H22 037 | 036 | 0.85 | 1.03 { 0.43 ] 0.36 | 0.51 | 0.34 | 0.60 | 0.33 1.02 1.20 0.99 1.41 0.95 1.67 0.92
H24 041 ) 036 | 1.08 | 1.08 { 038 [ 037 [ 0.35 | 035 | 0.32 | 0.32 1.13 1.04 1.04 0.97 0.96 0.90 0.89
H32 024 { 0.16 | 090 | 1.06 0.%6 0221029 | 021 ] 0.32 ) 020 1.48 1.64 1.40 1.81 1.32 2.01 1.25
H34 0.20 | 0.16 | 099 [ 1.07 | 0.20 [ 0.18 | 0.20 | 0.17 | 0.21 | 0.16 1.23 1.25 1.15 1.27 1.08 1.29 1.01
Average - - - - - - - - - - 0.96 1.04 0.9% 1.13 1.06 1.26 1.19
STDEV - - - - - - - - 0.39 0.38 0.26 0.39 0.13 0.44 0.32




REEHMERERD > 7 ) — MEEEROBOEI I RITTHE

2. Zhix, Yo VORURIMAKREICEBLEA L, diFRitERs
WED 3 FIHFATEZ L0, ZNOOPEHEE LT 2 FHE
PR E RS LOLEILNS.

4.3 OUEIERE

Fig4 \CHAHEER R U IO 3 SHHEOMERER Y
=AMETHRESHEET Uiz, BEERTIE, 2ToHREIR
WCOUENIREDO#E N H~LER L TV ORRBE NS,
FERAOOHET T = VTHE L VS~ BoSEFLTW3EE

B OEHLEREA~L O UEMAER L TWSENFER ST,
hid, BREERE LI THEASBSh, BogET
ODEBHELLT ol tEX NS, H3A [TRWTIXHE
OMEEZETEIIERLTWAOTERAERSh L. Zhi
BRREMPAR 4S EICEL, BOEESEE LD L TnhsngES
Lz éE2bh3. 7o, RDHIARBKRTIICIEST,
A TOOUEhAFEMER LR L. Thid, 8FELEED
EAGEHE L= 2 L TRIDEEIICISABEP L, REEEECH

Exp. Model Dis. Model Sta. Model Shl
Top Bottom Top Bottom Top Bottom Thickness
Surface Surface Surface Surface Surface Surface
HNN
/./_\
HO02
HO04
~__
P
‘e
H22
N
~
PN
L
H24 ~
\ ,
S~ L7
L i
H32 = (
< 7
\_/ /,/
LT
H34 )
Concrete Crushed Patern. Shell Thickness Pattern,

/ :Concrete Cracking in the 1 Direction. l :Concrete Yeilded in Compression. D ~2.99
Bsoo~s9 [Jo0o~099 P1000~1099 [r100~11.99 fr12.00~

X :Concrete Cracking in the 2 Directions. l :Concrete Crushed.

[3.00~390 [Baco~s90  [Pso0~599 [eoo~e99 [7.00~7.99

(Unit:mm)

Fig.4 Cracking Pattern,



BETHE - SR - @ - AL B’

BTHIREBOeTANIC L HMELEL, —KITKEBITEL,
BELDEELLRS. LELY, BOMSBERERICRIE
TRETHR L. '

44 WEEHMEE

EMEREART & 0 B b NI EL MRS E Figs 1T, BHEERR
UEBIRERNT L 0 B o W BEEM MR L Fig6 IIRT.

Fig.5 1Y, 2507 0.2 muBFc AV T HNN 2 5% L L7258, fith
L H22 T 51.6%3¥%, H24 T 64.5%%, H32 T 80.6%7, H34 T 88.7%
BATENTZ., Zhiy, BoBIARERT 5 &Iz @i g
TIoBhmstsnt.

Fig.6 |2, ARIBRERITRELEBRERELOLBEERLE. AR

30
% 20
—
!
]
5 wy o S
0.0
0.0 0.2 04 0.6 0.8
Displacement [mm]
[ HNN -+ H22 H24 |
30 r
E 20 |
L]
o
<@
- 10
PP raem— - —
0.0 02 0.4 0.6 08
Displacement [mm]
|——mn - a3 H34 |
Fig.5 Load vs. Displacement Curves of Standard Mode!
30
%ol
5
a
Q
-l 19
00 Ld - 1 .
9.0 9.2 0.4 0.6 0.8
Displacement [mm]
(a) H32
30
[
]
&
=]
- 1.0
0.0
0.0 0.2 04 (X [12:]
Displacement [mm]
(b) H34
Experimental Model. «==** Discrete Model.

Fig.6 Load vs. Displacement Curves.
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Table4  Free Vibration on Shell Model.
Natural Frequency
Fracture

Model Elastic Fracture Frequency
[Hz]:Fy [Hz]:F, Parameter[%]
Re:(Fy-Fy)/Fy
HNN 111.3 90.9 -18.3
HO2 77.5 68.1 -12.1
HO04 81.3 73.4 -9.6
H22 67.8 69.4 2.3
H24 53.4 51.6 -3.5
H32 59.7 47.5 -20.4
H34 64.4 - -
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