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ABSTRACT This paper concerns the flexural behavior of steel fiber-reinforced ultra-high-performance concrete (UHPC) beams
with compressive strength of 150 MPa. It presents experimental research results of hybrid steel fiber-reinforced UHPC beams with
steel fiber content of 1.5% by volume and steel reinforcement ratio of less than 0.02. This study aims at investigating of compressive
and tensile behavior of UHPC to perform a reasonable prediction for flexural capacity of UHPC beams. Tensile behavior modeling
was performed using load-crack mouth opening displacement relationship obtained from bending test. The experimental results show
that steel fiber-reinforced UHPC is in favor of cracking resistance and ductility of beams. The ductility indices range from 1.6 to 3.0,
which means high ductility of hybrid steel fiber-reinforced UHPC. Test results and numerical analysis results for the
moment-curvature relationship are compared. Though the numerical analysis results for the bending capacity of the UHPC beam

without rebar is larger than test result, the overall comparative results show that the bending capacity of steel fiber-reinforced UHPC

beams with compressive strength of 150 MPa can be predicted by using the established method in this paper.

Keywords : steel fibers, ultra-high performance concrete, flexural capacity, ductility index, crack
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Table 1 Mix proportion (weight ratio)

Water- Fine Water-
binder | Cement |Zirconium| Filler a reducing
ratio €8 | admixture
0.2 1.0 0.25 0.3 1.1 0.02
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Fig. 1 Compressive strength test setup
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Fig. 2 Test results of Compressive stress-strain curves
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Fig. 3 Compressive stress-strain relationship
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Fig. 8 Stress-strain relationship

1 = ,wll% f;;k,:el (4)

A71A, wyy =0.01h
l
_f

Uim = 7, )

EH }.1101]/\‘1 ?_1]0]—70]— ftk 111: }\—]O]Xo]—z)}- 't_‘ }\_]‘(l')r-o/l
Ao, k&= A4 2aYES gAY ‘ﬂoﬂ upe} F
S W= A8 (fiber orientation coefficient)©]™, ©]
Ao A= 1.0S 4833t Fig 8ol 2AZES A%
¥-CMOD =410 258 Ags Q18- idE a7
245 YeERd Itk

3. B oflH

Zi1As ZAYE FA 4G5S AA5st] flsked
G 7S AEsielty. dHaiAs astr] fle)
o A ST (multi-layer)”’| S 48385 oH, A o
S oy MO Zayen O ReTE? HAl wuo)
Ax WY ES dFoz Faxsiota Mg sk thFig. 9).
A S] AT stdoA e MEES 5 FHS ol
£ o]gste] A3 4 9l

A, A dART B o] WY ES 7Hdsith 7t
Ak gl dall FHS AXE Wghete] @ Yo |
FE TEE AT MyE Adxdel e B dHd
A 9 st MPES 27 the 2ol ALkt

6z‘op c ¢ (6)

€0 = (h—c) o 7)

2 et WEE 2EE A4S ¥, ARm el
I5¢ 28y 2AYE 2 P20 $YUEE W

180 | et=232|E5ts| =2F! M28F X25 (2016)

— £i0p
“7 :‘7 C
Neutral I )
Axis M
d|h [} f

I |, | o

>,

] 4 Ehotiom
PR S—

(a) Cross section (b) Strain distribution (c) Stress distribution

Fig. 9 Strain and stress distribution in the section
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Table 2 Details of test beams

Beam Beam Rebar
Beam width height '
(mm) (mm) No. Ratio
F15-NS-RO 200 250 - -
F15-NS-R2 200 250 2-D13 0.006
F15-NS-R3 200 250 3-D13 0.009
F15-NS-R4 200 250 4-D13 0.012
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Fig. 10 Dimension of test beam
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Table 3 Test result of cracking and ultimate load
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Fig. 12 Crack pattern (F15-NS-R3)

Initial cracking Yield state Ultimate state Ductility index
Beam P, M, A, P, M, 4, P, M, 4, A,
(kN) | (kN-m) | (mm) | (kN) | (kN-m)| (mm) | (kN) | (kN-m) | (mm) A,
F15-NS-R0 | 37.8 22.7 2.6 - - - 44.7 26.8 52 2.0
F15-NS-R2 | 30.0 18.0 1.5 71.7 43.0 11.0 76.0 45.6 17.9 1.6
F15-NS-R3 | 48.4 29.0 2.6 111.3 66.8 20.2 118.6 71.2 34.6 1.7
F15-NS-R4 | 44.1 26.5 3.8 108.2 64.9 134 139.9 83.9 39.5 3.0
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Table 4 Test and analytical results

Beam Test result | Analytical result M,
(M,.1) (M) Mg

F15-NS-RO 26.8 44.0 1.64
F15-NS-R2 45.6 64.1 1.40
F15-NS-R3 71.2 74.1 1.04
F15-NS-R4 83.9 84.1 1.00
Mean 1.27
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