A RIBL
Vol. 44, No. 1, 2004, pp. 41-46.

fRFBFEFAMEFTR T 7 U — PEFERFRD

B DAL DS AR RE IS R
BT ORE*T BRI R

Effects of Opening Arrangement of Concrete Hemispherical Shells
Reinforced with Carbon Fiber Chips on Cracking Pattern

by

Kazuhiko MASHITA", Shintaro SAKAI'? and Kenjiro KAWASAKI™
(Received on March 29, 2004 & Accepted on May 26, 2004)

Abstract

The main purpose of this study is to investigate the effects of shell openings on the strength and failure patterns of concrete
hemispherical shells reinforced with carbon fiber chips. As the variable parameters the of shell openings, the number of
openings and their locations were adopted. Openings have been designed by prominent architects in concrete shell structures,
because openings on the shell surface could introduce light into the inner space and could brighten the interior space. Carbon
fiber chip reinforcement could realize high homogeneity of the concrete property and present a smooth construction process
without ordinary steel bar reinforcement. As for the shell strength and cracking pattern, the effects of differences by the
inclination of a connecting line between the central point on the horizontally projected surface and the central point in the
openings from the grand line, the difference in the number of openings and the difference in the arrangement of the openings
on the horizontally projected surface, were investigated, both experimentally and numerically, in this study. The failure
experiment was conducted on concrete small-scaled shell specimens reinforced with carbon fiber chips, which were loaded
perpendicularly with point load up to the failure state. The nonlinear numerical analysis involving irregularly variable
thicknesses corresponding to the experimental specimens was adopted. The results were discussed on the bases of the results of
the experiment and numerical analysis.
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Table 1 Material Constants and Thickness Ratio of Experimental Models.

Type Name=[1]-[2])[3]-[4] Ratio of Concrete Modulus Max.Thickness Mi . Average Standard
- - in. Thickness N L
m 2113} l 41 , Ultimate Ultimate . i Tmax Tmin Thickness Deviation
Model Young's Compressive Tensile Poisson’s [mm] 1 T ‘Tso
T Opening Modulus Strength Strength Ratio (Tmax/To, T[n_lm/]T ) {mm] [mm]
ype Arrangement EGPD) | poMPa) | FuMPa) v To=5mm) (Tmin/To (T/To) (Tso/To)
S00a 00:B1=0° 25.7 60.4 5.43 0.238 13.00(2.60) 3.50(0.70) 7.36(1.47) 1.44(0.29)
S00b ) 278 78.2 6.52 0.232 11.40(2.28) 3.20(0.64) 6.04(1.21) 1.49(0.30)
$30a 30:01=30° 259 67.3 6.08 0.258 13.30(2.66) 3.80(0.76) 7.12(1.43) 1.67(0.33)
S30b S:Static ’ a:One 278 782 6.52 0.232 17.90(3.58) 4.00(0.80) 8.03(1.61) 2.99(0.60)
S45a Model 45-Drods? b:Two 259 673 6.08 0.258 14.00(2.80) 3.50(0.70) 7.22(1.44) 1.84(0.37)
$45b - 28.8 67.5 6.20 0.233 18.00(3.60) 3.90(0.78) 9.15(1.83) 2.36(0.47)
S60a 50-01260° 26.6 69.9 7.16 0.234 12.00(2.40) 3.00(0.60) 6.58(1.32) 1.53(0.31)
S60b ’ 23.9 59.9 6.43 0.254 13.30(2.66) 2.70(0.54) 7.17(1.43) 1.72(0.34)
Average — — — 26.6 68.6 6.30 0.242 — — — —
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Fig. 1 Shell Models.
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Fig. 2 Ultimate Strength Ratio of Standard Model.
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Table 2 Average and Standard Deviation of Strength Ratio.

Strength Ratio Average Standard Deviation

Discrete Model
-14% 0.13

Experimental Model
Standard Model

/ -31%

Experimental Model

0.23

Average Model
/ +80%
Experimental Model
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S45a $45b $60a S60b

D Ratio of Dis. Model Strength to Exp. Model Strength. @ Ratio of Sta. Model Strength to Exp. Model Strength.

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

Fig. 3 Ultimate Strength Ratio of Analysis Model to Experimental Model.
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Table 3 Strength Ratio Adjusted by Shell Thickness and Ultimate Tensile Strength.

E0 T Ft ET EFt EC ET/NO EFt/NO EC/NO EQ/NO No
S00a 1.00 1.00 1.00 1.00 1.00 1.00 1.060 1.00 1.00 1.00 1.00
S00b 0.68 0.82 1.20 0.83 0.57 0.69 0.83 0.57 0.69 0.68 1.00
$30a 1.14 0.97 1.12 1.18 1.02 1.05 1.18 1.02 1.05 1.14 1.00
S30b 0.65 1.09 1.20 0.59 0.54 0.49 0.59 0.54 0.49 0.65 1.00
S45a 0.76 0.98 1.12 0.77 0.68 0.69 1.20 1.05 1.07 1.18 0.64
$45b 1.18 124 1.14 0.92 1.00 0.81 1.36 1.48 1.19 1.69 0.68
60a 0.44 0.89 1.32 0.49 0.33 0.37 1.25 0.85 0.95 1.12 0.39
$60b 0.49 0.97 1.18 0.50 0.41 0.42 1.39 1.14 1.17 1.35 0.36
Average - - - - - - 1.10 0.96 0.95 1.10 -
STDEV - 0.28 031 024 0.34 -
EEmETRLE. WK THD. EHICECH, LEROKREL T ROSIEREH

7, 3 BEOMITAMICRNETS &, @MEEEF LTI
BEECRWT 14%ME 2D, BIEERICH LES B 3tE
LT RE o7, BiZ, BREOHREKICAVWTRHEER
A LEEBERD D R RENT.

42 WHWIE
BIHREOCEBRCEKBIIEAE LR L, BEXRIVE
LNERBWMAOORIELZT 7. SUREOHE TREELH,
arysY—roOSIREERCHABEICELT, 5/ S00a
DEMEIZRTHHEL LT Table 3 ISR L7, AR E0 I3REE
EBROERWNLEAR LTS, RRO THI = AVL2EIICEIT
SREERHEOFHPICESIRERTHS. AKO Fit, =
7= FOSIRMEICESSIBHRERTHSD. KiZ, ET
X, LEROKRER TiCx3 5 ERW N E0 ORI v RH /-
REMIEERM AL THS. FKICEFtE, LELo3ERER
FiZatd 2ERM AL B0 ORI VRO -FIEHREREER

Load (kN)

— SO0
$30a
o

04 os
Displacement (mm)
Fig. 4 Load vs. Displacement Curves of Sta. Model.

Load (kN)

0.0 0.1 0.2 03 04 0.5
Displacement (mm)

(b) S30a

FIORP LR INOMBRUORER#ERICS T3 ERR N
EO DRIV ROE-MEERESHEERW AL TH B, KT
NO IE, REHWE Smm R~ E 27V — MEEETIZE— L
EFBEORETTNIVEBEOLN-EERALTHS. S LR
FROHEET/NOYNL, REFMIEERW HHED)ICAT 5 EER A
HNO) L DHERE LTRDE, REMERNEBELTHS. R
KOHREFUNONWL, FIBRBEHEERMAKEF)CHT 5
EM AN L DEEL L TRDEZ, JIEBRERERAIESGH
Th5. RROHEECNOL, HEERESHEERM L
ECHIXT B EER N0 & DHE L LTRD 7=, HERR
BAOMERABASHTH S, KICRAROHRENN)IL, ERig
HH(EONZ T 5 EEWMW AN EOREL L TR, W
BOHTHD.

WEERICEB T 5 NEAHEVNONIEY 10%8, (oxtL,
HWEMERHEAHET/NONL 10%8 & 720, HIEM L BIE®RD
BIZEIZ o7 LL, ZhoDEEREETIZ034 5D

40
35
30
25
20
LS
10 i
os |,

00 L

Load (kN)

0.0 01 02 03 04 0.5
Displacement (mm)

(a) S00a

40
35 t
30

Load (kN)

0.0 0.1 02 03 04 0.5

Displacement (mm)
(c) S60a
Dis. Model - - - - - - - Ave. Mode! |

r_ Exp. Model

Fig. 5 Load vs. Displacement Curves.
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