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Evaluation on the Impact Resistant Performance of Fiber Reinforced
Concrete by High-Velocity Projectile and Contacted Explosion

Jeong-Soo Nam,"” Hong-Seop Kim,” In-Cheol Lee,” Hiroyuki Miyauchi,l) and Gyu-Yong Kim"”
1)Dep‘[. of Architectural Engineering, Chungnam National University, Daejeon 305-742, Korea

ABSTRACT In this study we experimentally evaluated an impact resistant performance of fiber reinforced concrete in the moment

of explosion by high-velocity projectile with emulsion explosive. To assess the impact resistance, we conducted the impact test of
high-velocity projectile which reaches an impact speed of 350 m/s and the experiment of contact exploding emulsion explosive. As a
result, bending and tensile performance depending on type of PVA, PE fiber (polyvinyl alcohol fiber, polyethylene fiber) and steel
fiber affects destruction of rear side in the form of spalling. Destroying the backside of the concrete compressive strength compared
to suppress the bending and tensile performance is affected. In addition, the experiment shows that the destruction patterns of
concrete specimen producted by high velocity impact and contact explosion are significantly similar. Therefore, it is possible to

predict the destruction patterns of specimens in the situation of contact explosion by high-velocity projectile.

Keywords : fiber reinforcement, impact resistant performance, high-velocity projectile, explosion, local damage
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Fig. 2 Performance of cement-based composite materials

Table 1 Experimental plan and mix proportions of concrete
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Unit weight (kg/m’)
Mix ID" | W/B Properties
Cement | Fly-ash | Water Agg. Agg. ) 88 )| Fibers® | SP® P
coarse |sand I'”[sand II
BC 0.3 533 - 160 948 750 - - 4.3
BM 0.4 960 169 452 - - 395 - 0.0 | Compressive strength (MPa)
PVA | 04 | 960 | 169 | 452 | - ~ | 395 | 255 | 169 | iens?ie Stre?gth(y(MP 2)
. t
PE | 04 | 960 | 169 | 452 | - T 305 | 186 | 226 | rensile strain (%)
= Flexural tensile strength (MPa)
STF 0.4 960 169 452 - - 395 153.9 56 |1 .
= Impact resistance
PVA+STF| 04 960 169 452 - - 395 |12.9+77.7| 11.3 |« Blast resistance
PE+STF | 04 960 169 452 - - 395 9.4+77.7| 16.9

Note) ) BC: base concrete, BM: base mortar, PVA: polyvinyl alcohol, PE: polyethylene, S

PVA+STF: PVA+steel (ratio 1:1), PE+STF: PE+steel (ratio 1:1)
2 G “)
Sea sand, silica sand,
© High range water reducer, setting flow of BC: 550+50 (mm), setting flow of the rest: 170+20 (mm)

fiber ratio: 2vol.%

: steel fiber,

Table 2 Physical properties of used material

Material Physical properties
Cement OPC, density: 3.15 g/cm3, fineness: 3770 cmz/g
Fly ash Density: 2.30 g/em’, Fineness: 3228 cm’/g
Sand Sea Density: 2.54 g/cm3, absorption: 1.01%
Silica Density: 2.64 g/cm3, absorption: 0.38%
Agg. coarse Density: 2.65 g/cm3, absorption: 1.39%, 25 mm
PVA Density: 1.30 g/cm3, Tensile strength: 1300 MPa, Length: 12 mm, Diameter: 40 um
Fiber PE Density: 0.95 g/cm3, Tensile strength: 2700 MPa, Length: 15 mm, Diameter: 12 ym
Steel Density: 7.85 g/cm3, Tensile strength: 1,140 MPa, Length: 50.9 mm, Diameter: 700 um, Hook type
Super plasticizer Polycarboxylic acid type
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Fig. 3 Schematic graph of the impact test set-up

(a) Impact start

(b) Impacting (¢) Impact finish

Fig. 4 Impact test shot with a high-speed camera situation

DEHIA =

Fig. 5 Example of damage mapping on specimen by impact
test

Fig. 6 Setup of blast testing and explosion

Fig. 7 Example of damage mapping on specimen by blast test

H HE5FEO| ofet drEd 23ES| WEA d5 87t 109



B7ksh] 18 AEPAS ek Z10® J]BAQ sty
S ERREE SRR EREL R REE
Sof o Y] P B P FAsA
Bt

A o

3. 4

Il

duot A oF

31 HAIEH g1 g1

30 A=AE

Table 3& AHA FFel HE AY 28AeNH ] B
g A%E tehd Rolth. GEYE Wk A%, 1%
2aYE WFA BCAHAZE FE BA Ui, &
Zehe ARAY A%, AT WAHA S BN

7} 437 MPa® 7F8 =4 Yehdtl Aen7 ZagE
A= BMAIEAOl Blal FSRAFE7E Astekalod,
ol= E=EFE Al Aol 2.0vol.% 2] AF7F E]] o ut

Table 3 Test results of engineering properties

Properti
FOPETES | Ave, Ave. Ave. ﬂg:{ffal
compressive| tensile tensile _tensile
strength | strength strain strength
1Ds (MPa) (MPa) (%) (MPa)
BC 64.3 2.78 0.01 5.87
BM 43.7 1.71 0.05 4.13
PVA 28.5 3.96 6.33 24.66
PE 27.9 3.601 4.01 30.74
STF 34.7 3.92 2.27 33.15
PVA+STF 35.8 6.34 2.12 29.08
PE+STF 36.7 8.88 2.87 29.37
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(a) BC: Cratering, 350 m/s

(c) BM: Spalling, 350 m/s
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(f) STF: Spalling, 359 m/s

(d) PVA: Spalling, 358 m/s

(g) PVA+STF: Cratering, 363 m/s
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(b) BC": Cratering, 906 m/s

(e) PE: Cratering, 351 m/s

(h) PE+STF: Cratering, 353 m/s

Fig. 8 Damage of specimens with reinforcement type after impact test
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Fig. 9 Destroyed depth of specimens by impact test
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(e) STF: Cratering

(c) PVA: Cratering

(f) PVA+STF: Cratering
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Fig. 10 Destroyed ratio of specimens by impact test

(a') BC (Reinforced Concrete): Spalling

(d) PE: Cratering

(g) PE+STF: Cratering

Fig. 11 Damage of specimens with reinforcement type after blast test
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Fig. 12 Destroyed depth of specimens by blast test

Fig. 13 Destroyed ratio of specimens by blast test
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Fig. 14 Correlation between the mechanical properties
and impact test results

Fig. 15 Correlation between the mechanical properties
and blast test results
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Fig. 17 Correlation between the destroyed properties of
impact and blast analysis
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