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Cracking Pattern of Concrete Cylindrical Shells under Impact Load.
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Abstract

The main purpose of this paper is to investigate the cracking patterns of carbon fiber chip reinforced concrete circular
cylindrical shells with openings and with low boundary stiffness under impact line load. In our previous study, the
investigation for the nonlinear behavior on concrete cylindrical shells with low edge beam stiffness had been presented.
However a little bit inadequate evaluation had been found on some concrete material constants in the nonlinear numerical
calculations, and therefore in this paper the effects by low edge beam stiffness were revaluated. In addition to these revaluated
numerical models the effects by low edge arch stiffness on shell strength were newly investigated, both experimentally and
numerically. The failure experimental study was conducted on small-scaled shell specimens, which were made not only from
carbon fiber chip reinforced concrete but also from steel reinforced one for the mechanical behavior to be compared. These
specimens were loaded onto the center line parallel to the circular directrix with impact line load. As for the numerical
analysis the nonlinear numerical calculations was carried out by the transient dynamic response finite element method. The
cracking patterns and the nonlinear behaviors were discussed based on the experimental and numerical results.
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Fig.1 Shell Model.
Table 1  Shell Model.
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Note : (*1) DPR-R, XR, % T,, where DPL is a steel disk and
Ry, R; and T, are the outer radius, the inner radius and the thickness, respectively.
(*2) T.S : Manufactured by Tokyo Sokki Laboratory.
RIK. : Manufactured by Riken.

Fig.2 Experimental System.

Label = {1]-{21-[3]1 Material Propen?es of Plain Contfrete and CFCR One o g ChomAacd Reduced
U R s b Il i - g = o
N N Depth of Mo : N . tio : mm mm mm
Material Sirength : Strength : — -
Openings Edge Member E [GPa) gy o ) v (T/To, Ty=8mm) (I/To, To=8mm)
RCA A 25.6 58.0 3.15 0.217 5,60 (1.20) 1.05 8.55 (1.07)
RCB* Type 263 615 3.48 0.236 8.73 (1.09) 1.39 7.34 (0.918)
RCC Reinforced | Closed Arch : 20mm 25.1 615 3.0 0.203 11,7 (1.46) 1.76 9.98 (1.25)
ROA C (R=Omm) Beam : 40mm 27.9 61.5 331 0.223 9.59 (1.20) 0.880 3.71 (1.09)
ROB* 24.9 57.2 2.93 0.225 9.28 (1.16) 1.45 7.83 (0.979)
ROC B 1ype 25.1 61.5 3.01 0.203 969 (1.21) 1.43 8.26 (1.03)
FCA Arch : 40mm 20.6 60.0 6.39 0.252 8.60 (1.08) 115 7.45 (0.931)
Carbon Beam : 20mm
FCB* Fi 251 60.3 5.58 0.240 8.59 (1.07) 1.18 7.41 (0.926)
FCC " iber Openea C 249 60.7 6.17 0.226 10.7 (1.34) 3.13 1.59 (0.949)
FOA gl‘?l’b ) (R=140mm) Type. 23.8 633 6.93 0.241 10.4 (1.30) 1.57 8.80 (1.10)
FOB* b Arch ; 40mm 24.4 63.0 5.92 0.235 8.04 (1.01) 0.990 7.05 (0.8%1)
FOC Beam : 40mm 26.6 67.6 6.60 0.246 10.1 (1.26) 1.39 $.67 (1.08)
Nots :  * Publish in 20017
Material Properties of Plain Concrete and CFCR One : Design Model = E : 25.0 [GPa] , F. : 60.0 [MPa] , F, : 3.00 (RC), 6.00 (CFCRC) [MPa] , v : 4.200
Table 2 Material Properties of Steel. Table 3 Material Properties of Carbon Fiber Chip.
Steel Bar A A b « " Ultimate Tensile . o . Modulus
Diameter Young (S}P Yiel MP: Strength Flb“h Dinb:: er S’l‘;nsﬂch of Tensile Elongation Dcnsitg Specific
(mm) (GPa) (MPa) (MPa) Type ’z:mg‘) ("“m) tarey | Elasticit ) Nimm®) | Gravity
0.85 186 162 250 “ (GPa)
12 235 364 463 1.86X
5 e o) e X661 18.0 17.0 1.77 180 1.00 109 1.90
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Fig.4 Initial Crack Strength and Ultimate Strength.
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Table 4 Initial Crack Strength Ratio (P,).

(a) Discrete (b) Average () Reduced (@) Design

Model] Model Model Model
RCA 0.75 0.74 0.88 0.75
RCB 0.72 1.00 1.00 1,00
RCC 0.72 0.95 0.95 0.88
ROA 0.61 0.80 0.85 1.00
ROB 0.77 0.91 0.90 1.00
ROC 0.65 0.93 1.00 0.92
FCA 0.84 1.00 0.77 0.72
FCB 0.73 0.96 1.00 1.00
FCC 0.71 0.95 0.77 0.87
FOA 0.82 0.82 0.82 0.95
FOB 0.75 1.00 0.94 0.95
FOC 0.78 0.85 1.00 0.92

Note : P, = P,/ P, ( P; = Initial Crack Strength, P, = Ultimate Strength)
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