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Kim, Gyu-Yong This research concentrates on the potential explosion hazards that could arise from unforeseen
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The research contributes primary data for the formulation of structure protection design by assessing
the impact resistance across various reinforcement techniques used in cement composites. The
experimental results elucidate that reinforced concrete, serving as the quintessential structural
Received : February 27,2023 material, exhibits a 20% advancement in impact resistance in comparison to its non-reinforced
Revised :May 1,2023 counterpart. In situations typified by rapid loads, such as those seen with high-velocity impacts, the
Accepted : May 6, 2023 reinforcement of the matrix with fibers is demonstrably more beneficial than local reinforcement.
These insights accentuate the importance of judiciously choosing the reinforcement method to
augment impact resistance in structural design.
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Table 1. Experimental plan
Series Type thiillzszislz:m) V:;;Zjif;(tﬂjs) Ty}:;mforcemeniocaﬁon Specime D" Test item
50 - - C5-N-170
80 170 - - C8-N-170
I Concrete 200 - - C20-N-170
50 - - C5-N
80 340 - - C8-N
200 - - C20-N Compressive strength(MPa)
- - C8-N Elastic modulus(GPa)
Front C8-DIOF Failure area ratio
I Concrete 80 340 Rebar D10 Rear C8-DIOR ;Fe;f:; j‘i ;ejzstis(e mﬁ;
Re-bar D13 Front C8-D13F Scabt?ing thickne.ss(mm)
Rear C8-D13R Weight loss ratio(%)
Wire welding Front MB8-WF
2-layer Rear M8-WR
I Mortar 80 340 Re-bar D10 Rear MS8-D10R

PA 2.0 Vol% Dispersion M8-PA
SF 2.0 Vol% Dispersion MB8-SF

a. PA and SF refer to polyamide and steel fibers, respectively.
b. Specimen type and thickness — Reinforcement type and location — Projectile velocity(Show only for projectile velicity 170m/s; omit for

340m/s)
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AAY2 27 1.15mm EAPF12.5%12.5mm AAFE = 013 714 AlE-& A&ttt E994f-= Figure 1 9 2-‘2}
o] Z0] 30mm, AFZ = 594MPa2] Z&|otu|=d-Fet Zo] 30mm, U T 1,140MPal] 74-7-5 AHE-513t

A ¥ Table 37 2tk A @A HE} L= 7]E A1t Bl n e 4= QL= ol AR SoMPa=z A7513]

H
T g L A S Foll 22 Ee W/B 43%, REEFEE40% 2 2753 M8-PA B MS-SFO| H-i=

Table 2. Properties of the materials used

Materials Mechanical properties
Cement(C") Ordinary portland cement, Density : 3.15g/em’ , Fineness : 3,630cm?/g
Fly-ash(FA) Density : 2.20g/cm’ , Fineness : 3,228cm*/g
Slag powder(SP)  Density : 2.90g/cm’ , Fineness : 6,500cm*/g
Silica sand(S) Density : 2.64g/cm’ , Absorptance : 0.38%

Sand(S) Density : 2.56g/cm’ , Absorptance : 0.97%
Gravel(G) Crushed granite, Maximum size : 20mm, Density : 2.65g/cm’, Absorptance : 0.90% 1 l'l lll ,'I " "I 'l
Re-bar(R) KS Product, SD400, D10 and D13 '
Wire welding(W)  Wire diameter : 1.15mm, Grid : 12.5x12.5mm EE::::::::i:
Polyamide fiber(PA) Bundle type @0.5mm, Length : 30mm, Density : 1.14g/cm’, Tensile strength : 597MPa ;F:;q:;;——?—
Steel fiber(SF) Hooke type 20.5mm, Length : 30mm, Density : 7.85g/cm’, Tensile strength : 1,140MPa I ]
a. The letter in brackets means an abbreviation. Figure 2. Wire welding
Table 3. Mix proportions of cementitious composites
Type W/B S/a Wateg Unit weight(kg/m’)
(%) (%) (kg/m”) C SP FA s G PA SF
C 43 48 170 316 40 40 824 907 -
M
M-PA2 40 - 400 850 - 150 350 - 22.8
M-SF2 157

a. Sand was used for concrete, and silica sand was used for mortar.
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Figure 3. Specificatons of high velocity impact test machine and specimen Figure 4. Projectile and specimen jig
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Figure 5. Methodology for failure area calculation
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Table 5. Mechanical property results

D f.(MPa)* E(GPa) f(MPa)°

C 57.4 313 2.67

M 56.7 22.1 1.88
M-PA2 495 21.0 2.03
M-SF2 56.2 229 4.88

a. f. : Compressive strength, b. E : Elastic modulus
c. f : Tensile strength
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Table 6. Failure classification

Series C5-N-170 C8-N-170 C20-N-170 C20-N
Grade (iii) Perforation (1) Penetration (1) Penetration (iii) Perforation (iii) Perforation (1) Penetration
Series C8-N C8-DI10F C8-DIOR C8-DI13F C8-DI3R
Grade (iii) Perforation (ii) Scabbing (ii) Scabbing (1) Penetration (1) Penetration
Series M8-WF* MS8-WR MS8-D10R MS8-PA MS-SF

Grade (iii) Perforation (1) Scabbing (ii) Scabbing (1) Penetration (1) Penetration

a. Left picture : Front side of specimen, Right picture : Rear side of specimen
b The area marked in a separate color on the specimen means the peeled part.

|
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Table 7. Empirical formula(Modified NDRC)

Penetration depth Perforation limit thickness Scabbing limit thickness
_ 5 NM Va)"* e . PRI hy, _ x 2V x
G=3.813x10 W(F 3:3.19(3)70.718(3) (ES 1.35) Vi 7.91(5)— 5.06(5) (ES 0.65)
x x

LA a x 3=132+124( ) 135 < 2 <135 b (ﬁ) Lo
G:(Q_d) (£=2), G=2-1 (£>2) =L 24— (O g = 135) T=2124136( | (0.65 < < 11.75)

G : impact function, V: Nose shape factor = 0.72(flat), 0.84(hemispherical), 1.0(blunt) and 1.14(very sharp), A/ : mass,
d : diameter of projectile, f, : compressive strength of concrete, 1, : velocity of projectile, « : penetration depth, e : perforation limit thickness, 7,
: scabbing limit thickness
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Figure 6. Length of failure on specimen front and rear according Figure 7. Ratio of failure area and weight loss relative to

to thickness and projectile velocity specimen thickness and projectile velocity
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Figure 8. Relationship between penetration depth and spalling  Figure 9. Relationship between scabbing thickness and scabbing
area ratio in accordance with specimen thickness and projectile area ratio in accordance with specimen thickness and projectile
velocity velocity
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Figure 10. Depth of failure on specimen front and rear according Figure 11. Ratio of failure area and weight loss based on re-bar
to re-bar type and reinforcement location type and reinforcement location
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Figure 12. Depth of failure on specimen front and rear as per Figure 13. Ratio of failure area and weight loss according to
reinforcement type reinforcement type

Journal of The Korea Institute of Building Construction 269



Seok, Won-Kyun - Kim, Young-Sun - Lee, Yae-Chan - Nam, Jeong-Soo - Kim, Gyu-Yong

N
= =
w M
P ~N m
P51 Ul
x o
o 0oy
32
-2
S
@ n
o >
‘w
o
[
o
o
w
® <
& ®
o]
® o
= ®
oo
T m g ®
x o
2 ® o
5%
o
1
=
o o o o o
[} < ™ ~ —
(%) o13ed ss0| JYSIPM
E
Q o
= 5 [=] m
w =z N s
= Eo % = &
3| EEG = Z e
x| o3 g @ .@L”
w T E = 23 1
o2 <C
fzge x ®
L Lm.mtm M
o Lo x
% | ETEQ *«
Elgew? £5
S| E£EBEL % E
= .meS. &R =
[ g9~ o
e | 2238 L
v oL )
®
° [
°
)
. B
- b
o o o (=] o o o
w ["a] = [a2] o~ i

(ww) yadap aunjrey

60 80 100

40
Spalling area ratio (%)

20

40 60 80

20

Remained thickness (mm)

Figure 14. Relationship between failure depth and remaining Figure 15. Relationship between spalling area ratio and weight

thickness based on reinforcement type

loss ratio in accordance to reinforcement type

1) 14 A 5ol ofF AR TeiZols A St 571

i

2t A

S

A T, B ZRoll wEhas GAF

o}, ufinta

o= ept

= Ao = ettt

OF 20% AAS

4

fol| vl

il

BA0] $170] 5

| 274] 7} 6,38 A A8 e

A Aol ]S

ajo

,.7ro
|
>
i
il
s
o|J
o
J;NO
T
No
=
=3
ol
-
|
=)
<
.
“ g
& A
_z _z
A o
™ o
J)) BR
)
N
ol S
g R
= T
T M
=
o
H H
ok
% T
v 2
K
ﬁo _._.:
VI =
]
T H

5) B F5el wet 232 E FxE] WS4

el

ol
o]

oA A=A

PSS ==
= O

ESS A]

H

3

B

3
%S|

e 2

e we s o

3}

N

T2 Eof H]

ot

a



Impact Resistance Characteristics of Cementitious Composites Subjected to High-velocity Projectiles with Reinforcement Types
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