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ABSTRACT This experimental study aims to evaluate the impact performance of UHPC exterior panels through high velocity
impact tests. The impact performance of UHPC was compared with that of granite in terms of panel thickness, and strain histories
were recoded on the rear face of panel specimens. The UHPC turned out to be a good exterior facade material, because the appearance
of UHPC is natural enough and impact performance was superior to granite. After colliding, compression pulse reached to the rear
face but that pulse was reflected in tension pulse with respect to the free point outside the rear face of the panel. This tension pulse
caused the scabbing from the rear side, as the strain histories on the rear face showed three different regions as compression region,
steady region and tension region. The shear plug deformation by shear force also was one of the primary reasons for the scabbing

based on the observation. Therefore, the scabbing seemed to be affected by both tension and shear forces.
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Table 1 Mix proportion of concrete

Material Value
Specified compressive strength (f:x) 180 MPa
W/B (%) 20
v, %) 16 mm 0.5%
20 mm 1.0%
Water 150 kg/m’
Premixing of binder constitutions 400 kg/m’?
Fine aggregate 867.4 kg/m’
Antifoaming agent 0.5 kg/m’
Superplasticizer 18.1 kg/m’®

W/B = water-binder ratio, V; = steel fiber volume fraction,
Premixing of binder constitutions is consist of cement, expansive
admixture for cement mixture, zirconia silica fume, shrinkage
reducing admixtures, filler.
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Fig. 1 Muzzle energy of various cartridges (kgf.m)®
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Fig. 3 Impact test machine
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Table 2 Results of specimens

Specimen | Velocity | Failure Weight Front Rear

No. (m/s) mode Before (kg)|After (kg)| Loss (%) |Area (mm”)|Depth (mm)|Area (mm?)|Depth (mm)

SC180-10-1| 178.3 | Perforation 4 3.98 0.50 333 - 2447 -
SC180-10-2 | 189.0 | Perforation 4.28 4.24 0.93 324 - 2970 -
SC180-10-3 | 169.5 | Perforation 3.96 3.94 0.51 338 - 2012 -
SC180-10-4 | 179.8 | Perforation 4.08 4.06 0.49 336 - 2458 -
SC180-20-1 | 188.7 | Scabbing 7.86 7.82 0.51 137 3.5 7350 13.6
SC180-20-2 | 173.4 | Scabbing 7.94 7.9 0.50 259 4 7871 13.6
SC180-20-3 | 187.1 Scabbing 7.62 7.6 0.26 177 4 4409 13
SC180-20-4 | 188.7 | Scabbing 8.06 8.04 0.25 320 4 6830 13.3
SC180-30-1| 154.8 Spalling 11.84 11.82 0.17 479 4 - -
SC180-30-2 | 156.1 Spalling 11.92 11.92 0.00 573 4 - -
SC180-30-3 | 179.5 Spalling 12.04 12.02 0.17 1178 3 - -
SC180-30-4 | 210.6 Spalling 11.72 11.7 0.17 345 3.5 - -
Table 3 Selected specimens

Specimen SC180-10-1 SC180-10-2 SC180-20-1 SC1800-20-2

Front face

Rear face

Specimen SC180-30-1 SC180-30-2 G-White G-Black

Front face

Rear face
458 | st2232|ESHS| =27 XM|28F X|4=(2016)
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Fig. 8 Strain histories at rear face under impact
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Table 4 Compressive strain and each region time

Emax.C secq secg
SC180-10 13.0 ps 0.071 0.049
SC180-20 16.1 ps 0.083 0.034
SC180-30 20.5 ps 0.070 0.048
G-White 84.2 us 0.033 -
G-Black 80.3 us - -

C = compressive region, S = steady region

S
(oA
o
ol &
Fog e
I to
o
DL
o
ro
ol
ol

ki

=2
X

!

=
il
o
o
_}I_‘

-
=2 T
FHPES 13.0 psR oM, dF11E] T AR 0.071%
A BEFIES AR 0.049% % th Fig. 8(b)2 FHT
AEFRFELS 16.1 usPoH, U517 F AIZH 0.083
Z, B A7k % 0.034% % JERSTE Fig. 8(c)
o 4] SC180-30-29] Htul UFHYPELS 205 usR o™ ¢+
T F AR 006920 TR AR F
0.048%% S =AUt A7 FALAE Ho) F5HE
o] 74 Wyl AXvhe= IS & 5 Qlth S 9k
g7p AsE PR o] PEFEH 7HEY] wlEl Aow
E 4 gk sk B ARATE FAGAF
= Aotk R = ARAE ebAY /43791 4] A
59 A B A9 glsitk 339t G-White, G-Black
AAA= BaTgte] glvke Fo] o] & w3t

-

i

3o

[o:

o] AFoME= 1% BlAHAY 9% FANFS U=
UHPCO] USAES = =
o, Mo FAS HER Sk I 1k
AL FAAUA = AREA 1 k3]

FrAFsHAl A st

i g

=

Aol A3 UHPCE 7|5+ AP AR 4%
A4S Bl sPdehe a1 n)dAlel o)s)
? JhHo R Uy A FHAZHQl 99y
HbH UHPCE 20 mm O] AboA &= o
3hA] ekekow, 30 mmoll A= A uka vl

1)

oo ek

g
_?1_',

>,
=)
)
o
il

UHPC®] ¥ w332
Sk Tk

JYE 28 wjHe] vk
£ 7Kt} ©o]+= shear plug
Joll A AR oz kst

ol
B 2
b

Lo
o o
8 ?

_|_,
o3
Uﬂﬁrm

B T
iy

Al

oft ©, o

3)

=2 do o}
1 o
e i
Qb gt
@ "
Z =L
ox > M
o L LR
To 3o °
o
4ﬂimﬂl
[ [
o W
l
N
o
AL
ki
e

U7} AzlataA Aaas SR WAE=
Aol ZAYE AL EE ZIeHA wid
geto] HAYS o7 Atg Tt &, v e gEhd
A& shear plug@Zdell ot due ) njdge o

of ot Qg o] FAld FFS 7|A LAY

FEWEHFENFHENTY 147

TARI S ATHIA (13 A TA0)el o3 s
Y

References

1. Kang, S.-H., and Hong, S. G., “Performance of Fresh and
Hardened Ultra High Performance Concrete without Heat
Treatment”, Journal of the Korea Concrete Institute, Vol.
26, No.1, 2014, pp.23-34 (in Korean).

2. Koh, K.T., Park, J.J., Ryu, G.S., and Kang, S.T., “Effect of
the Compressive Strength of Ultra-High Strength Steel Fiber
Reinforced Cementitious Composites on Curing Method”,
Journal of the Korean Society of Civil Engineers, Vol.27,
No.3, 2007, pp.427-432 (in Korean).

3. Koh, K.T., Ryu, G.S., Park, J.J., and Kim, S.W., “Material
Characteristics of K-UHPC”, Proceedings of the Korean
Concrete Institute, Vol.24, No.2, 2012, pp.861-862 (in Korean).

4. Lee, J.H., Hong, S.G., Joh, C., Kawhk, 1., and Lee, J.W.,
“Biaxial Tension-Compression-Strength of UHPC in Structural
Panels”, Proceedings of the Korean Concrete Institue, Vol.
27, No.2, 2015, pp.213-214 (in Korean).

5. Pyo, S., Sherif, El-Tawil, S., and Naaman, A.E., “Chaarac-
teristics of Ultra High Performance Concrete (UHPC) under
Tension at High Strain Rates”, Proceedings of the Korean
Concrete Institute, Vol.26, No.2, 2014, pp.521-522 (in Korean).

6. Kim, G.-Y., Nam, J.-S., and Miyauchi, H., “Evaluation on

D4E7S W o UHPC THLel LEZAs | 461



Impact Resistance Performance of Fiber Reinforced Mortar
under High-Velocity Impact of Projectile”, Journal of Korea
Architecture Institute, Vol.27, No.9, Sep. 2011, pp.101-108
(in Korean).

. Jang, S.-J., Son, S.-K., Kim, Y.-H., Kim, G.-Y., and Yun,
H.-D., “Face Damage Characteristic of Steel Fiber-Reinforced
Concrete Panels under High-Velocity Globular Projectile
Impact”, Journal of the Korea Concrete Institute, Vol.27,
No.4, 2015, pp.411-418 (in Korean).

8. Koh, K.T., Ryu, G.S., Park, J.J., and Kim, S.W., “Material

Characteristics of K-UHPC”, Proceedings of Korean Concrete
Institute, Vol.24, No.2, pp.861-862 (in Korean).

9. http://www.shooterscalculator.com/

10.

11.

12.

2 9 B APA ATE 1% naA FE A UHPC
2 o W UHPCH 3129t M Ad Aol 5542
UHPCE: 93] 5891 0m), Y F A% shdeke] ule) 5

ol FEE = FEAL viwle] L 1 F AR X

o} ole e M B HAUZEE WY 7)5o] g2
Sota) FUE AWEE 1% FF A AdLo] wue] =

= Z7skzel skl Miwe] waE Ak g
A0l @ AT, UHPC, 1IEEZ0KE, iR HIYE 012, shear plug

462 | =232 E

Korea Agency for Technology and Standards, Concrete
Compressive Strength Test Method, KS F 2405:2010, Bulltin
No. 2010-0654, Korea Standards Association, 2010 (in Korean).
Korea Agency for Technology and Standards, Soundproof
panel - Metallic, KS F 4770-1:2015, Korea Standards Association,
2015 (in Korean).

ASTM International, Standard Test Method for Performance
of Wood and Wood-Based Floor and Roof Sheathing Under
Concentrated Static and Impact Loads (ASTM E661-03),
American Society for Testing and Materials, 2015.

. Kim, G.-Y., Nam, J.-S., and Miyauchi,
Impact Resistance Performance of Fiber Reinforced Mortar

H., “Evaluation on

14.

15.

under High-Velocity Impact of Projectile”, Journal of Korea
Architecture Institute, Vol.27, No.9, Sep. 2011, pp.101-108
(in Korean).

Li, Q.M., Reid, S.R., and Ahmad-Zaidi, A.M., “Critical
Impact Energies for Scabbing and Perforation of Concrete
Target”, Nuclear Engineering and Design, Vol.236, No.11,
2006, pp.1140-1148.

Li, Q. M., and Tong, D. J., “Perforation Thickness and Ballistic
Limit of Concrete Target Subjected to Rigid projectile
Impact”, ASCE Jounral of Engineering Mechanics, Vol.29,
No.9, 2003, pp.1083-1091.

. Yankelevsky, D.Z. “Local Response of Concrete Slabs to

Low Velocity Missile Impact”, International Journal of Impact
Engineering, Vol.19, No.4, 1997, pp.331-343.

. Yang, I.Y., Yang, D.R., and Lee, C.M., Impact Engineering,

Won Chang Publishing Co. Ltd., 2010, p.371 (in Korean).

. Beppu, M., Miwa, M., Katayama, M., and Ohno, T., “Damage

Evaluation of Concrete Plates by High-Velocity Impact”,
International Journal of Impact Engineering, Vol.35, 2008,
pp.1419-1426.

. Kim, H.-S., Kim, G.Y., Koo, K.-M., Cheo, G.-C., Yoo, J.-C,,

and Kim, M.-H., “Evaluation of Local Failure of Concrete by
High-Velocity Impact”, Proceeding os Architectural Institute
of Korea, Vol.33, No.2, 2013, pp.617-618.

==%! M28H Ml4= (2016)

5l%

g WEAHE
7hstol ABAL] AL wstglov, ww
Fatol S ALgal] ol A stk o
198 402 syl dastol] Wit

_1]— o YL]'J"”V} He“gﬂt shear plug 54"]’01
of oa FAlel daF 71H AT Jow AR

Aoketo 3 5ol g

r..\l 39
oBL
i
ox Mo
A
fl
ol
2
v





