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ABSTRACT Uniaxial compression tests for ultra-high performance hybrid steel fiber reinforced concrete (UHPC) were performed
to evaluate the compressive behavior of UHPC. The UHPC for testing contains hybrid steel fibers with a predetermined ratio using a
length of 19 mm and 16 mm straight typed steel fibers. Test parameter was determined as a fiber volume ratio to investigate the effect
of fiber volume ratio on the strength and secant modulus of elasticity. Test results showed that the compressive strength and elastic
modulus of UHPC increased with increasing the fiber volume ratio. Based on the test results, the compressive strength and modulus
of elasticity equations were proposed as function of the compressive strength of unreinforced and fiber reinforced UHPC,
respectively. The simplified equations for predicting the mechanical properties of the UHPC were a good agreement with the test
data. The proposed equations are expected to be applied to the SFRC and UHPC with steel fibers.
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Table 3 Summary of test results

Name (;ﬁ) RI (I\ZIciga) (gxifp"é) () | (mmanm) | (mimyfmm) (cﬁ#fa) é{s’;) Tl T (ﬁgﬁ) Bl B (ﬁ%éfn)
Co0-1 151.3 0.0035 0.0006 | 43.0 1.02 1.02
C0-2 134.5 0.0033 - 40.9 0.97 0.97
— 1 0 0 139.3 0.0033 422 1.00 1.00
Co-4 140.2 0.0036 - 38.8 0.92 0.92
Co0-5 131.2 0.0029 0.0004 | 46.0 1.09 1.09
C0.5-1 149.0 0.0028 0.0009 | 52.8 1.02 1.25
C0.5-2 157.0 0.0036 0.0006 | 43.7 1.08 1.03
C0.5-3 | 0.5 |0.45| 1355 | 148.2| 0.0035 | 0.0032 | 0.0004 | 392 | 46.4 | 0.93 1.06 0.93 1.10
C0.5-4 149.2 0.0032 0.0006 | 46.2 1.02 1.09
C0.5-5 150.5 0.0030 0.0007 | 50.0 1.03 1.18
Cl-1 156.7 0.0035 0.0007 | 45.1 1.07 1.07
C1-2 143.4 0.0032 0.0010 | 442 0.98 1.05
C1-3 1.0 | 0.9 | 154.3 | 146.1 | 0.0031 0.0033 | 0.0012 | 49.2 | 44.4 | 1.06 1.05 1.16 1.05
Cl-4 142.9 0.0034 0.0006 | 42.6 0.98 1.01
Cl-5 133.4 0.0032 0.0005 | 41.1 0.91 0.97
C1.5-3 171.0 0.0043 0.0007 | 39.9 1.17 0.94
Cl.5-4 | 15 | 1.35]| 175.0 | 165.9| 0.0037 | 0.0038 | 0.0018 | 46.8 | 43.7 | 1.20 1.08 111 1.04
CL.5-5 151.6 0.0034 0.0006 | 44.4 1.04 1.05
C2-1 177.3 0.0033 0.0015 | 53.3 1.22 1.26
C2-3 181.3 0.0032 0.0009 | 56.7 1.24 1.34
— 1 20 | 18 170.6 0.0032 53.9 1.17 1.28
C2-4 162.8 0.0029 0.0007 | 55.6 1.12 1.31
C2-5 160.8 0.0032 0.0007 | 50.0 1.10 1.18
Notes: V, is the fiber volume ratio; RI is the reinforcement index (=Vj(/,/d,)); I, and d, are length and diameter of

steel fiber; f, and f,, are measured maximum stress and average maximum stress;

is the average axial strain; £, is the modulus of elasticity;
E, are the maximum compressive strength and the secant modulus of elasticity of the test specimens
Cl1.5-2, and C2-2 specimens were not included because

transverse strain;
elasticity; f, and E

&

rfrn

without steel fibers, respectively. Test results of CO0-3, C1.5-1,

of test error.
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Fig. 3 Effect of fiber volume ratio on compressive strength
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Table 4 Existing compressive strength equations

Authors Compressive strength equations
Fanella et al.? oy =Fo+19(RD
Ezeldin et al.” fp=Fo+351(RI)
Nataraja et al.” fup = o +21604(RI")

Song et al.” ., =85+15.12V, 471V}

Yazici et al.'” f.y = 50.4869+0.0434(1,/d, )+ 1.9667
Kang et al.'? fop =10 +78(RI)

Notes: f, is the maximum compressive strength of fiber
reinforced concrete; f,, is the compressive strength of concrete
without steel fibers; &7 is the reinforcement index (V(l;/d;));
RI" is the reinforcement index by weight; V, is the fiber
volume ratio; and I, and d, are a length and a diameter
of the steel fiber, respectively.




Table 5 Test results in previous researches
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11) N N
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Kang et al.” 79.5
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Fig. 9 Comparison of predicted strength with test data

Table 6 Ratio of test results to predicted compressive
strength (f.;/f. prea)

Fanella’s Eq.|Kang’s Eq.| Proposed

Authors
Mean (S.D) [Mean (S.D)|Mean (S.D)

1.11 (0.08) [0.92 (0.09)] 1.09 (0.09)

Ezeldin et al.”

Nataraja et al.® | 1.04 (0.07) [0.83 (0.08)| 1.03 (0.08)

Song et al.” 1.10 (0.03) |1.04 (0.02)|1.02 (0.03)

Yazici et al.'” | 1.10 (0.05) |1.02 (0.06)| 1.02 (0.05)

Kang et al.” | 1.06 (0.07) [0.97 (0.04)| 1.00 (0.08)
This study (Eq.(1))| 1.11 (0.10) |1.07 (0.08)| 1.02 (0.09)
Total 1.08 (0.08) |0.97 (0.09)| 1.03 (0.08)

Note: f,; is the maximum compressive strength obtained from

the tests and £, ., is the predicted compressive strength.

o
X
¥
K-
- 4
Norot
oL
1o
N
)
>,
i
2
30,
X
5o
N
2
M
=2

S7P7F YR shAE A dAE Boks
BAA ] Skl W 4FAES] S7hs WEs
Bhl ket olgfdt AT-ddE HigoR o] e

Me R B FAEY] dFAEE Bdds A

=
T %

sto] thx 213 2ol Aksitt,

fcf,pr'cd = llfdJ (1)
AZIA, foo BAR7E EYHEA &2 FH7F UHPCO
S ARECl =

Fig. 9% 2(1)ellA Alotd A4 B 57359t 7]
= AEgks vwdt Zojth Ate AFAE] thst A
ke Ht 1.02, EFAX}F 0.082 Ay 2 Axst



o7 L}E}kkt} Table 6> A|te =27} 7]E A
£ Yebdth vE 918 Table 42] A<t

2R]ES FyH|E %E3 Fanella 293}
2105 A}2-313A T}, Fanella et al.”2} Kang et al.'?

of laf Atd 70“1‘§Tr B kSR 22 et 1.08,
] , 0.09%2 UERH whepA AlgkE
AT B = AS iﬂagg] SlE7IT = PMO SolgT A
Eﬂﬂ?ﬂ—”— Zdglo] UEAET} 29.4~235.1 MPa’l 734

r B4 ZIYEC] gjal 487bsE Aow dAvdh

5.2 EMYA|
71 Ao wEw, A B %ﬂﬂEO £Hg
70

Z]
°ﬂ w} gEix e, FR7} 238 EQ] w7 é
ARNE Y oz AQF= STt Ezeldin et al.

Bl s

Z

JJr ataraja et al.¥ %’:}7270 7} 50 MPa ©]5FQl A6
v} 2AYES] BAATE £, =F,+3105(R) ¢ 2ol
AlqFatgl o, Kang et al. oo RS} 200 MPa o]
[e]

A A B4 UHPCE &3AIFE B, = B, +1139(R))
9} 7Fo] A<t o}oﬂﬁ} ole g Oﬂ?éﬂrt CRULRARI R
f+ B ZAES @S S7He
= As 4”] E]r aHAINE, Fig. 10014 & 4 Sl%el,
A B4 ZAYEY] @ATE dFEE(S)Y T

60
50 -
’840 k
o
O30 -
LLIQ2O i @ Ezeldin et al.
¢ Kang et al.
10 A o This study
—Proposed
0 . T
0 100 200 300

f.s (MPa)

Fig. 10 Modulus of elasticity

Table 7 Ratio of test results to predicted modulus of elasticity
(E of pré‘d)

Ezeldin’s Eq.|Kang’s Eq.| Proposed

Authors
Mean (S.D) |Mean (S.D)|Mean (S.D)

Ezeldin et al.” | 0.98 (0.05) |1.06 (0.07)| 1.02 (0.07)

Kang et al.? | 0.90 (0.05) [0.99 (0.02)|1.00 (0.02)

This study 1.05 (0.11) |1.09 (0.11)| 1.01 (0.10)

Total 0.98 (0.10) |1.05 (0.09)| 1.01 (0.07)

Note: E, is the modulus of elasticity obtained from the

tests and £, .., is the predicted modulus of elasticity.
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