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Enhancement of Impact Resistance of Layered Steel Fiber Reinforced
High Strength Concrete Beam

Doo-Yeol Yoo,” Kyung-Hwan Min,” Jin-Young Lee,” and Young-Soo Yoon"*

YSchool of Civil, Environmental and Architectural Engineering, Korea University, Seoul 136-713, Korea

ABSTRACT The collapse of concrete structures by extreme loads such as impact, explosion, and blast from terrorist attacks causes
severe property damage and human casualties. Concrete has excellent impact resistance to such extreme loads in comparison with other
construction materials. Nevertheless, existing concrete structures designed without consideration of the impact or blast load with high
strain rate are endangered by those unexpected extreme loads. In this study, to improve the impact resistance, the static and impact
behaviors of concrete beams caste with steel fiber reinforced concrete (SFRC) with 0~1.5% (by volume) of 30 mm long hooked steel
fibers were assessed. Test results indicated that the static and impact resistances, flexural strength, ductility, etc., were significantly
increased when higher steel fiber volume fraction was applied. In the case of the layered concrete (LC) beams including greater steel
fiber volume fraction in the tensile zone, the higher static and impact resistances were achieved than those of the normal steel fiber
reinforced concrete beam with an equivalent steel fiber volume fraction. The impact test results were also compared with the analysis
results obtained from the single degree of freedom (SDOF) system anaysis considering non-linear material behaviors of steel fiber rein-
forced concrete. The analysis results from SDOF system showed good agreement with the experimental maximum deflections.
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Table 1 Mix proportions of concrete
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W/C | S/a Unit weight (kg/m’)
(%) | (%) | Water | Cement | Fine agg. | Coarse agg. | SP
35 45 236 675 592 2.36

Table 2 Properties of end-hooked steel fiber
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Aspect ratio Density Ultimate
T MP E, (GP
ype fy (mm) dy (mm) U/ dy (kg/m’) Ji (MPa) +(GP) 1 ongation (%)
Hooked fiber 30 05 60 7.9 1,196 200 0.6

Where, /= fiber length, d,= fiber diameter, f, = tensile strength, £;=modulus of elasticity

Fig. 1 Details of test specimens

370 | t==32 =8t

== M24d M45 (2012)



Fig. 2 Test setup for static loading test of beams
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Fig. 3 Test setup for impact loading test of beams using drop-
weight impact testing machine

Table 3 Mechanical properties of NC and SFRC

specimen | 100 | 2l | oar

NC | 000 53.20 6.02
0.50 52.43 6.03
0.75 50.41 6.33

SFRC | 1.00 49.59 6.38
1.25 46.49 7.03
1.50 50.00 7.49

Where, NC =normal concrete, SFRC = steel fiber reinforced
concrete, Vy=volume fraction of steel fiber
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Fig. 4 Load versus mid-span deflection responses under
static loading condition
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Table 4 Summary of static loading test results

Specimen P, Ao P, A, Failure
(kN) (mm) (kN) (mm) mode

NwW 10.5 0.758 10.7 0.776 | Flexure
SW-L 12.2 1.077 12.3 1.081 | Flexure
S-2L 12.7 1.053 12.8 1.076 | Flexure
S-3L 13.0 1.208 13.6 1.328 | Flexure
S-4L 13.8 1.283 14.2 1.333 | Flexure
SW-M 11.2 1.307 13.9 2.489 | Flexure
SW-H 132 1.128 14.7 1.612 | Flexure

Where, P, = first cracking load, A, = mid-span deflection at first
cracking, P, = ultimate load, A, = mid-span deflection at ultimate
load



Table 5 Summary of impact loading test results

Specimen Drop weight | Impact energy | Number 1" drop
(kg) Q) of drops Max. d (mm) | Max. Fpy (kN) | Max. dpy (mm) | Max. de/dt (s)

NW 128.35 1 29.27 73.52 7.23 A

SW-L 128.58 3 241 70.63 8.41 0.133
S-2L 128.51 4 1.10 73.47 5.15 0.218
S-3L 12.97 128.41 6 1.14 61.07 5.99 0.161
S-4L 128.85 4 1.72 71.65 5.80 0.616
SW-M 128.69 4 2.15 69.52 5.49 0.313
SW-H 128.54 4 1.23 64.98 6.42 0.347

Where, d = center deflection, Fpy = drop load measured by a load cell in drop weight, dpy = deflection of drop weight, dg/dt = strain rate

*Acquired data is not available
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Fig. 5 Maximum crack widths with different loading steps

Table 6 Maximum crack width

Specimen Number of drops Max. crack width (mm)

NW 1 A

SW-L 2 6.16

S-2L 3 11.35

S-3L 5 11.22

S-4L 3 12.44

SW-M 3 9.20

SW-H 3 9.16

*Acquired data is not available
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Fig. 7 Distribution of maximum tensile strains at each time step by 1% drop
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Fig. 8 Midspan deflections by 1% drop
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Fig. 9 Crack patterns at final loading step
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Table 7 Transformation factors for equivalent SDOF system'”

Elastic region Plastic region

Load factor, &, 1.0 1.0
Mass factor, £, 0.486 0.333
Stiftness factor, k; 1.0 1.0
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Table 8 Comparison of experimental and theoretical deflections

Experimental i
. pre:sults SDOF A,,Ij;_tt(?)c Zi&
Specimen A | A. o | AL A B
Rt @) 3) @) B3/ MH/2)
NW 29.27 | 28.94 - - - -
SW-L 2.41 2.33 2.39 1.78 | 099 | 0.76
S-2L 1.10 | 0.85 1.68 0.75 1.53 0.88
S-3L 1.14 | 0.60 1.24 0.33 1.09 | 0.55
S-4L 1.72 1.60 1.86 1.19 1.08 | 0.74
SW-M 2.15 | -1.00 | 2.13 0.46 | 097 -
SW-H 1.23 0.78 1.40 0.50 1.14 | 0.64

Where, A, =maximum deflection, A,,, =residual deflection
“Data comparison is not available

Fig. 12 Idealized material models

£

ol

o] AFoNME BHF
NC¢} SFRC, LC X9
G Qe ARHoR %

I3+ SDOF 314

EUES & Al e

EEEEERBR:

=il

ox
of
ofN
i

}_

[o5
(e
N
bt
ol
-

>

o

s )
o ug
m
R
i)

o
ol
2

=2

x

o

2 ol
2

o

oX,

ofr

rlo

olX

oX ® orn o
4

rr

P

Fig. 13 Algorithm for calculating displacement at each time step by using Newmark method
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