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Abstract

The main purpose of this paper is to investigate, both experimentally and theoretically, the strength of reinforced concrete
roof-type circular cylindrical shells with carbon fiber sheets under static load. Carbon fiber sheet reinforcement could be

expected not only to improve the strength and mechanical behaviors, but also to retrofit with easy operations. In this study, the

effects of the attached area and direction of carbon fiber sheet reinforcement on shell strength were investigated. The shell

was subjected to static point load at the center of the shell surface and supported by hinges at four corners.

An experimental study was conducted on reinforced concrete shells with carbon fiber sheets on their bottom surface. Point

load was applied perpendicularly on the shell surface to the final failure state. A theoretical study was conducted using

material and geometrical nonlinear finite element analyses. The concrete shell strength was significantly influenced by the

actual thickness variances of the designed thickness so that nonlinear numerical calculations including discrete shell thickness

variances were carried out. The ultimate strength under point load was discussed based on the results of the failure

experiments and nonlinear analyses.
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Fig.1 Shell Model
Table 1 Shell Model
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Fig.2 Reinforced Region with Carbon Fiber Sheets

_ ; . . Measurement of Shell Thickness {mm]
Label=[1]-12] Material Properties of Concrete and Ratio to Average Thickness Ty in Parentheses
Model [11 [2] Youns" Ultimate Ultimate ]
g's . N - )
Sheet Size Sheet Size Modulus Compressive Tensile Polsson's Ratio Average 3“‘?"‘."‘ Reduced
of X Directi of Y Di trength Strength HIY eviation
: E [GPa] :F. [MPa) :F, {MPa]
NN . 26.1 58.5 3.62 0.195 12.0 (1.09) 2.15 (0.20) 9.86 (0.90)
H : None 23.0 53.1 3.55 0.211 11.2 (1.02 1.80 (0.16 9.40 (0.85
Q Q : Quarter (280mm) ( ) ( ) ( )
HQ H:Half (560mm) 26.2 64.0 2.72 0.209 10.4 (0.95) 1.49 (0.14) 8.93 (0.81)
HH F:Full (1120mm) 27.1 56.2 3.43 0.233 10.6 (0.96) 1.51 (0.14) 9.10 (0.83)
FQ 20.4 55.0 3.29 0.211 10.8 (0.98) 1.59 (0.14) 9.18 (0.83)
Average — ] e 24.5 57.4 3.32 0.212 11.0 (=T,) 1.71 (0.16) 9.29 (0.84)
Table 2 Material Properties of Steel Table 3 Material Properties of Carbon Fiber Sheets
, . Ultimaty " . Modulus
Stoel Bar Young’s Yield Te::;: D‘F 1be{ X ms‘lel of Tensile | Elongation Density Specific Weight
Diameter Modulus | Strength Strength Type Texture o Elasticity Gravity
mm] [GPa] [MPa] [MPa] [z m] [GPa] [GPa] [%] [N/ mn?’) [N/ mm®]
0.85 186 162 250 Plai
1.20 235 364 468 TR3110MS Fa;:’i‘c 17.0 112 71.6 1.50 1.03x10" ° 1.90 1.96X10" ¢
D3 198 334 487
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Y /" : Concrete Cracked in the One Direction X : Concrete Cracked in Both Directions i : Concrete Yield in Compression M : Concrete Crushed
t Ultimate Strength : NN = 3.82kN, QH = 3.82kN, HQ =3.92kN, HH =4.02kN, FQ = 4.02kN

X Fig.4 Cracking Pattern of Standard Model at 3.82kN (=NN Ultimate Strength)
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Table 4 Strength Ratio Adjusted by Shell Thickness and Concrete F,
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S (.80KN) | (521KN) | (608KN) | (5.26kN) | (3.95KN)
WDiscreteModel | 6.9% | -13.4% | 371% | 21.2% | -5.7%
HAverags Model | 15.4% 5.1% -10.0% | -24% -7.3%
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Note : P, = Error Ratio on Ultimate Strength [ Pere = (Posm — Pexp) / Pexp 1
Poum = Numerical Ultimate Strength (Discrete » Average * Reduced)
P, = Experimental Ultimate Strength Described in Each Parentheses

Fig.6 Error Ratio on Ultimate Strength

Strength E0 T0 E1 F Elg TO? E2 T0° E3 S0 E0/SO E1/50 El;/SO E2/S0 E3/S0
QH /NN 0.90 0.93 0.96 0.98 0.98 0.87 1.03 0.81 111 1.00 0.90 0.96 0.98 1.03 1.11
HQ /NN 1.05 0.87 1.21 0.75 1.60 0.75 1.39 0.65 1.61 1.03 1.02 1.18 1.56 1.36 1.57
HH /NN 0.91 0.88 1.03 0.95 1.08 0.78 1.16 0.6% 1.31 1.05 0.86 0.98 1.03 1.10 1.25
FQ /NN 0.68 0.90 0.76 0.91 0.84 0.80 0.85 0.72 0.94 1.05 0.65 0.72 0.80 0.81 0.90
Average — — — P — — — — — — 0.86 0.96 1.09 1.08 1.21
STDEV —— ——— — —_ —_— — e S — — 0.16 0.19 0.33 0.23 0.28
Note :

EO : Experimental Strength Ratio E2 : (=E0/T0?) Experimental Strength Ratio Adjusted by T0? TO : Actual Shell Thickness Ratio

E1 : (FE0/T0) Experimental Strength Ratio Adjusted by TO E3 : (=E0/T0’) Experimental Strength Ratio Adjusted by T0? TO? ; TO Squared

Elqg : (FE1/F,) Experimental Strength Ratio Adjusted by TO and F, S0 : Standard Strength Ratio TO® : TO Cubed
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