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’ Introduction @ Input parameters for utilization of UFC 3-340-02
> The values of the dimensions and reinforcement details of the RC walls were converted into the
@ Purpose of this research values of input parameters as described in Fig. 6 and Table II.
> In this study, the dynamic analysis of reinforced concrete (RC) walls subjected to blast loading o Likewise, the values of input parameters were determined from the material properties of the RC
were copducted to evaluate th_e variation in dgformatlon depending on wall thickness, diameter of walls and the general values provided by UFC 3-340-02, as summarized in Table I1I.
reinforcing bar (rebar), and reinforcement ratio. : _ . . . .
_ _ _ (a) . ; Table 11: The input parameters derived from the dimensions
> Previous studies were referred to make use of the blast loads generated by the detonation of e | 1::, +D,. 4D, and reinforcement details of reinforced concrete walls.
e | _ _ : : [ I N b ! _
trinitrotoluene (TNT) at ground surface; and the dimensions, reinforcement details, and material S Input parameters | Related equations
properties of the RC walls containing radioactive materials in nuclear facilities. .;, ot soction hrcknesa (b = S
o For the dynamic analysis, the experimental data provided by “Structure to Resist the Effects of Do | | Dow= D=3 e ot of comroosiomretorcamont (0o | D' = Dasy * Diar * Dior2
Accldental Explosions” (UFC 3_340_02) were used. R e S e Vertical distance from compression fiberto | . _ o o
centroid of compression reinforcement (D’,) v.ooooov Ve
: v Y Horizqgta:c dista}nce fro:cn compresai}or)\ fiber to D, =D, - Dy, - Dy /2
- centroid of tension reinforcement (D,, net  Tver  Thor
’ Materlals and methOdS (h) « . Vertical distance from compression fiber to D =D.. -D. /2
n— . . t D.‘“TD%D centroid of tension reinforcement (D,) v et - ver
@ Description of blast-loading gnvm_)nment [ N . g Table I11: The input parameters derived from the material
> The blast wave generated by hemlsphe”?al TNT properties of reinforced concrete walls and UFC 3-340-02.
surface burst was assumed to be perpendICUIarly —--- Ground reflected wave 5 o oip Input pa_rameters Related equations
propagated to the 3x3 m RC wall as shown in Fig. 1. g}y;:m:g :jr:;riZisgti;zgogffgbraerbar ()DIFq) DIF. =117
o |% ..... I, S HP ds gs i >
> Figs. 2 and 3 present the peak reflected pressures Mach stem | D Gocien e roes of o (1) Tt = BF
and load durations with the TNT charge weights of Exp — Reinforced concrete wall Fig. 6. Reinforced concrete cross-sections: Dynamic increase factor for shear (DIFy) | DIFy, = 1.1
. . . ] ] ] ] ] ] Dynamic design stress for shear (f,,) f,, = f’. X DIF,
3—30 kg and the standoff distances of 0.5—10 m Radioactive wastes (a) horizontal direction, and (b) vertical direction. Poisson’s ratio (v) v =0.167
referred in the previous study. " Standoff distance # Dynamic analysis of reinforced concrete walls —
© The Va|ueS Of bIaSt |OadS were Used fOI‘ the dynamIC Fig 1 Surf . ol _ o The propertles Of flrst Second and flnal ylelds I (Standoff distance)=
- Ig. 1. Surface burst blast environment. . ! ’ _ 0.008 - 3 kg (10 m)
analysis of RC walls. ) occurring in the RC walls were calculated by using
= TNT charge weight> s | <TNT chargeweight> | A& the experime_ntal qlata, equations, and calculation T oo
T 20000 ke 1 o ek procedures given in UFC 3-340-02. ¥
> 20000 kg 8 R > Dynamic design factors such as ultimate resistance(R,),
8 14 15k9 S 0003 w20k equivalent maximum elastic deflection(Xg), equivalent o
% 1 Bk o 1 —o i elastic stiffness (Kg), and effective natural period of o008 | - | | |
= 100000 - . —— g 5 o Vibration (T ) Were Calculated. 0.000 0.004 | 0.008 0.012
L p> . _ _ _ Time (sec)
2 7 S ooid > With the values of dynamic design factors, an acceleration Fig. 7. An example of the deflection
§ 04 -Impulse extrapolation numerical method was used to prediction in a RC wall using an acceleration
o 2 4 & 8 10 o 2z 4 8 8 1 derive the maximum deflection (X)) induced by blast -impulse extrapolation numerical method
_ Standoff distance (m) Standoff distance (m) PPt . : : :
Fig. 2. Peak reflected pressures with the IN1 charge  Fig. 3. Load durations with the TNT charge weights of loads as prese!'\ted |r1 Fl_g. { | (X, : deflection depending on time step).
weights of 3—30 kg as a function of standoff distance. 3—30 kg as a function of standoff distance. ° Th_e de_formatl_on criteria of protection category 1(9m_S 2), .
@ Structural features of reinforced concrete walls which Is the highest level that protects personnel against Om =3,  ldegrees]
o |n the previous study, the dimensions, reinforcement details, and material properties of the RC the uncontrolled release of active radiological materials - -
’ ’ ’ and equipment from blast pressures, was used for analysis [ Maximum support rotation(8p) ]

walls containing radioactive materials in nuclear facilities were examined.

o These data were used to identify the variation in deformation depending on wall thickness,
diameter of rebar, and reinforcement ratio.

> As assumed In the previous study, the RC walls were considered to have the same area as the
3x3 m (Length (L)xHeight (H)) in the direction of a blast wave, whereas wall thickness (D,) Is

© Results and discussion

o FIg. 8 shows that support rotation tends to increase as either the standoff distance decreases or the
TNT charge weight increases.
o It was confirmed that the support rotations of cases #1—4 decrease to less than 2 degrees when the

varied depending on case. _ . .
_ P _ J _ _ _ _ 30 kg TNT charge Is detonated at a distance of more than 3 m.
> As Illustrated in Fig. 4, horizontal and vertical rebars were concerned to be symmetrically placed (a) " (b) ™
upward and downward. Lacings and stirrups were not considered. Y TN harge weight T g o et
> In this study, as summarized in Table I, the four cases were analyzed, respectively. g 1 — . B
L Table I: The dimensions, reinforcement details, and % 5 —12kg ;% E — 12 kg
. . . . _— — 15 k
- *» material properties of reinforced concrete walls examined. 2 - ;gﬁg 2 — 20 HS
. . Case number S 14 | —— 23 kg 5 14 |23 kg
Properties Uunit ] 5 3 1 = —30kg = — 30 kg
Length (L) m 3 3 3 3 o © —
Wall thickness (D,) m 0.3 0.2 0.3 0.3 2 a ?
4 Cover thickness (D,..) mm 20 20 20 20 o =
Diameter of horizontal W) 79
reinforcement (Dhor) mm 15.9 15.9 19.1 15.9 0.0 | | | | . | . | , | 0.01 ! : ] . T : T . ! - T
Diameter of vertical m 19 7 19 7 25 4 159 ’ ‘ 4 ° | 10
reinforcement (D, ' ' ' ' Standoff distance (m) Standoff distance (m)
ri?;}%fcferrlr?grléo(gtal) 0.005| 0.008 | 0.01 | 0.004 (C) 100 - — — (d) 100 - — —
hor . < charge weignt= 1 % < chnarge weig
Ratio of vertical - 3kg 1 3 kg
D, reinforcemment (p..) 0.003 | 0.005| 0.017| 0.004 @ _ o h R
Density of steel (p.) 103kg/m3| 7.854 | 7.854| 7.854 | 7.855 ) 10 W - | —— Dkg % 10 - ~{——9kg
The modulus of elasticity o) : —— 12 kg = — 12 kg
of reinforcing steel (E.) 10" Pa | 1.999 | 1.999 | 1.999 | 1.999 g - ;ﬁ Eg 2 j _ ; E ::g
Yield stress of c - c .
+ reinforcing bar (f,) 10°Pa 4 4 4 | 4ldr S R N NN 23 kg s 1 . 23 kg
Density of concrete (p,.) 103 kg/m3| 2403 | 2403 | 2403 | 2.403 g %
i ) ) ] The modulus of elasticit = -
Fig. 4. Schematic drawing of reinforced concrete wall of concrete (E.) g 10°Pa | 2616 | 2.616| 2.757 | 2.664 1= RF R N e DR ’é B e
(Black line : horizontal rebar, Red line : vertical rebar, SO?]Tferteesz"e) strength of 107Pa | 27 | 27| 3 | 28 s 3
and Blue line : yield line Iocations). Case #1, #2 :FThe spacing of horizontal and vertical rebars is identical. @ 0.0 | | | | . 0.01 | | | | | . .
_ _ _ o 2 4 6 g 10 o 2 4 6 3 10
‘ Assumptlons for dynamlc anaIySIS (a) Standoff distance (m) Standoff distance (m)

o For conservative analysis, the RC walls were concerned
as the RC beams because beams are primary support
members not to attain large plastic deformations.

Fig. 8. Support rotations of (a) case #1, (b) case #2, (c) case #3, and (d) case #4 with
the TNT charge weights of 3—30 kg as a function of standoff distance.

> As shown In Figs. 8(a) and (b), even though the cases #1 and #2 have the same diameter and spacing

° The ?C_V\r’]a”s We"eh assumed tﬁ_haVbe the cross-sre]f:tionf © Tl o = of horizontal and vertical rebars, the support rotation of case #1 is smaller than that of case #2.
&lre)ecor\ml\clzlrtetengoc\gf ol\?egr ?r:esggn:n?esgicoanuigiﬁ:‘lcj)srcérr]r?e(r)] ; I[| ’é ‘ II | 5 | o Considering that the wall thickness of case #1 (D,=0.3 m) is thicker than that of case #2 (D,=0.2 m),
. e mp . the result implies that a thick RC wall has better explosion resistance.
IS not exhibited in elements with support rotations less L L

" & * " > Figs. 8(c) and (d) present that the support rotation of case #3 is smaller than that of case #4, whereas

than 2 degrees. . . L .
JIEES . Fig. 5. (a) Symmetrical yield line locations for the cases #3 and #4 have the same wall thickness.
> As presented In Fig. 5(a), the pattern of symmetrical two-way element with four edges supported; _ _ _ ~ B .
yield lines was assumed to be developed on the RC and uniformly-loaded two-way elements with | | © The diameter of the horizontal a[‘d vertical rebais for case #3 (Dpo=19.1 mm, Dy, =25.4 mm) is
walls through the process of first, second, and final (b) all edges fixed, (c) two opposite edges fixed larger than that for case #4 (Dy,,=15.9 mm, D,,,=15.9 mm), and the reinforcement ratio for case #3

yields because the blast loads were formerly assumed ~ and two edges simply-supported, and (d) four (Phor=0.01, p,,=0.017) s greater than that for case #4 (p,,=0.004, p,,=0.004).
to be delivered uniformly on the RC walls. edges supported. o |t represents that a large-diameter of rebars with a high reinforcement ratio strengthens resistance.



