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This study suggested that protective panels should be installed as sacrificial members as a safety
design method for structures with potential explosions such as hydrogen charging stations to
E-mail : minimize direct damage to the structure and have resilience. To this end, the focus of the experiment
gyuyongkim@cnu.ackr is on quantitatively evaluating the impact of the structure when the protection panel is installed closely
or spaced apart from the structure in a high-speed collision situation of the projectile. The experimental
design used steel plates instead of concrete structural members mainly used in the past for excellent
Received : September 20, 2023 reproducibility, and the impact of structural members was compared and analyzed through deformation
Revised :November 22,2023 (jfferences on the back of the steel plate. In addition, the impact of changes in the physical properties
Accepted : November 23,2023  of the elastic body used as a separation material for the protective member and the difference in shock
wave transmission time according to the protective member and the elastic body on the structural
member was investigated.
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Table 1. Outlin of experimental design

Variable Projectile
Series Thickl;l:scs(EThk.] Tk EPP Density To(t;ar:r;l;;lk. Specimen ID* vzr(:/csi)ty Test item
(mm) (mm) (kg/m’)
50 - - 50 P50
I 60 - - 60 P60
70 - - 70 P70
80 - - 80 P80
39 E10(39) - Strain of steel plate( ;.e)
69 E10(69) - Penetration depth(mm)
I 30 10 100 60 E10(100) 340 - Shock wave transmission time
120 E10(120) (ms)
39 E30(39)
69 E30(69)
1 50 30 80
100 E30(100)
120 E30(120)

a. For example, P50 refers to a 50mm thick fiber reinforced cement composite panel without reinforcing EPP, and E(39)10 refers to a specimen with
a density of 39kg/m’ and a thickness of 10mm attached to the back of the P50 specimen.

2.2 MMz =4 % FRCC HHgt

2 Aol AFEEE A= o] E24 -2 Table 201 YFEFH L0 ™, EPP2] &4 2 A2 Table 3 ¥ Figure 22} 2Tt
Table 4= FRCC Al A7 9] A vl g} Bl &oba] B4 Ald23E ‘/}E‘r‘ﬂ AT}, FRCC AdAlE 15 HE ZEHEAMIE B
ZeolofAE A = ARSI oM A= AR ARSSIAT B A= 2 o] 30mm, 17 594 MPa®| &0t

A2 Holu| 2 2% ZU5FA .

II‘I

S Bk Ju, Ale BAL i 379 g o] glo] 20+2% M2 ‘/’rE’r‘*ﬂr ZRA = A7 5to] -85 7k
KS D 3503-2018 TQHF 228 FA73A) of] &3 $S275(F e 71 & $S400) ZF= T7 5SmmE AF8-5FI).

Table 2. Properties of materials employed

Materials Mechanical properties
Cement(C*) Ordinary portland cement, Density : 3.15g/cm’, Fineness : 3,630cm?/g
Fly-ash(FA) Density : 2.20g/cm’, Fineness : 3,228cm*/g
Silica sand(S) Density : 2.64g/cm’, Absorptance : 0.38%
Polyamide fiber(PA) Bundle type @0.5mm, Length : 30mm, Density : 1.14g/cm’, Tensile strength : 597MPa

Steel plate(SP)

SS275(KS D 3503-2018 Product), Thickness : 5Smm

a. The letter in brackets means an abbreviation.

Table 3. Properties of expanded polypropylene(EPP) employed

Division

Unit and test method

Test data with forming ratio of EPP

x23.0 x13.0 x 9.0 x 7.5

Density kg/m’ ISO 845 39.1 69.2 100.0 120.0
Tensile strength kgflem? ISO 1798 6.7 10.7 14.1 19.2
Elongation % ISO 1798 22 18.2 20 20.6
10% 1.83 4.30 4.89 6.36

Compression stress kgf/em® 1SO3386-1 20% 2.28 5.35 6.01 8.52
30% 3.18 6.93 7.72 12.49
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Forming ratio x7.5

“~Forming ratio x9.0

Forming ratio x13.0

Figure 2. EPP sample used in this study

Table 4. Composition ratios and mechanical properties of fiber-reinforced cementitious composite(FRCC)

. W/B Water Unit weight(kg/m®) Mechanical properties
Specimen o 3 5
(%) (kg/m”) C FA S PA f.(MPa)* E(GPa) f(MPa)°
FRCC 40 400 850 150 350 22.8 457 21.5 2.01

a. f. : Compressive strength, b. E : Elastic modulus, c. f; : Tensile strength
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Figure 4. Specimen holding jig within the testing chamber

Figure 3. High-velocity impact testing apparatus
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Figure 5. Replacement of strain gauges on the
3.1 Oy Mk front and rear of the specimen
Table 5= 1% 574 A9 T 9hAA 2] 2174 28 T2 FRCC A4 2] AT} vl u}3] FAFS Lrebd Aot BhALA]
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Table 5. Patterns of front and rear failures in FRCC test specimens

Series P50 P60 P70 P80

Series E10(39) E10(69) E10(100) E10(120)
H . .
Series E30(39) E30(69)

E30(100) E30(120)

) .... i

a. Left picture : Front side of specimen, Right picture : Rear side of specimen

3.2 HHHO| Y -AZH 2
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Figure 6. Strain-time correlation relative to different types of protective panels
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