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Mechanical Characteristics of Ultra High Strength Concrete with
Steel Fiber Under Uniaxial Compressive Stress

Hyun-Ki Choi,” Baek-Il Bae,”* and Chang-Sik Choi”
"Dept of Fire and Disaster Prevention Engineering, KyungNam University, ChangWon, 51767, Korea
? Research Institute of Industrial Science, Hanyang University, Seoul, 04763, Korea
JDept of Architectural Engineering, Hanyang University, Seoul, 04763, Korea

ABSTRACT Design of fiber reinforced ultra-high strength concrete members should be verified with analytical or experimental
methods for safety. Members with compressive strength larger than limitation of current design code usually be designed with
analytical verification using stress-strain relation of concrete and reinforcements. For this purpose, mechanical characteristics of steel
fiber reinforced ultra-high strength concrete were defined under uniaxial compression. Mix proportions of test specimens were based
on reactive powder concrete and straight steel fibers were mixed with different volume fraction. Compressive strength of matrix were
distributed from 80 MPa to 200 MPa. Effect of fiber inclusion were investigated : increase of compressive strength of concrete,
elastic modulus and strain corresponding to peak stress. For the wide range application of investigation, previously tested test
specimens were collected and used for investigation and estimation equation. Based on the investigation and evaluation of previous
research results and estimation equation of mechanical characteristics of concrete, regression equations were suggested.

Keywords :
to peak stress, regression analysis
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Table 1 Strain at Peak Stress [MPa]

Researcher Equation Limitation [MPa]
fo n I ;
.6 _Jek _ ck _qc 5 p
Collins® €= ey MO8 E, =3320f%" + 6900 £, <110
Wee” €, = T80(f,,)"*/10° foe <120
Ros'? e, = (0.0546+0.003713f,, ) < 10~ fo <43
Shah-Fafits'> £ = 1.491 107 °f,, +0.00195 fo <66
De Nicolo' £, = 0.00076+ [(0.626f,, —4.33) x10™ 71" fop < 90MPa
CEB-fip 228" €, = 0.7(f,,,)"*" /1000 F. <100
=(2.0+0.085(f,, —50)*%*)10~ %, for f, = 50MP:
ECZIS) o ( 3 d(fL,]\ ) ) f(]\ a f(,k < 90MPa
otherwise ¢, =0.002 '

Soroushian'® €,y =0.0007RI+0.0021, RI=V,L;/D; -
Nataraja'” €y =€ +0.0006(RI), € =0.002, RI=W,L,/D; £ <50
Dhakal'® €y = €9 +20000, V7, € =0.002, o, =1.0(Flat), o, =24(Hooked) £/ <40

0F, : secant elastic modulus of concrete at 0.45f,(MPa), «,

: strain corresponding to peak stress(normal concrete), f,, :

compressive strength of concrete(MPa), &/ : reinforcing index, D, : diameter of steel fiber(mm), Z, : length of steel

fiber(mm), v,
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: volume fraction of steel fiber, W, : weight fraction of steel fiber
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Table 2 Modulus of Elasticity [MPa]

Researcher Limitation
KC1200719) E‘L = 8’500 ; fcu > E‘( - 0077wi5 3\/ cu fau = fak + 8
did not specified but
E =8,500 4 E =007m)" 3/f. ) fu=Ffat A
KCI12012" e =850V e, s M News S = Jat A Vf.. cannot exceed
Af =4 when f, <40MPa, Af =6 when f, > 60MPa QAN
. Vigoh
ACI318-11*" E, =4,700,/f, (normal weight concrete), E =uw'*0.043/f,,
El“i = EZ‘U [( ck +A )/ ‘cmv}l/gﬂma’ Af= SJUP(L’ cmo = IOAZP(L’
CEB-fip 228" ' Jat OIS ! e fp < 90MPa

By = B[/l )" MPa, E, =22GPa

Martinez*" E, =3,320/f,,. +6,900 MPa 21MPa < f,, <83MPa
Cook™ B, =3385%x 10w’ ()" MPa

Ahmad & Shah®® E, =3.385x10" "u?? (f,, )% MPa fop <84MPa
Graybeal1 b E, =3,840/f,,, MPa L. <200MPa

Gao™ E,,= E.(1+0.173(RD) MPa 70MPa < f,, <85MPa
Padmarajaiah®™ E, = E,+2440.2(RI) MPa ., <69MPa

c

E : secant elastic modulus of concrete at 0.45f,(MPa), w,

: unit weight of concrete(kg/m*), f, : compressive strength

of concrete(MPa), &7 : reinforcing index, D, : diameter of steel fiber(mm), Z, : length of steel fiber(mm), V, : volume

fraction of steel fiber, W, : weight fraction of steel fiber

Table 3 Mix proportion

Weight (kg/m?) fo
ID w/b — - - —
Cement Silica Fume | Sand | Filler Steel Fiber Super-Plasticizer | [MPa]
80-0 and f series | 0.30 780 1097 114 0, 37, 74, 147 0.5 80
100-0 and f series | 0.25 809 1052 162 0, 37, 74, 147 1 100
150-0 and f series | 0.20 820 918 186 0, 37, 74, 147 1.04 150
200-0 and f series | 0.17 830 912 246 0, 37, 74, 147 1.08 200
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Fig 1 Test setup

Table 4 Test Results (mean value)

300

250 —

—@— /= 80MPa
—{3— f'=100MPa
—A— f'=150MPa
—%— f/=200MPa

]
‘_/*,/—*/—’30

= —
=¥ 7
= £
= 200 =4 =
< )
) A =
7 150 b %
5 120 >
R 4 =
a . s ] 3]
[} _L - —
= 100 _ g-
g J O © 15)
O —S10 ©
50 =
0 L] I L] I L] I L] I L] 0
0 0.4 0.8 1.2 1.6 2

Fiber Contents [Vol %]
(a) Compressive Strength

1D [ v, [% | £ [MPa] | s, [MPal] «, [%]
C80-0 0 32,970 80.79 3.16
C80-10.5 0.5 33,597 82.60 3.55
C80-f1.0 1.0 34,097 85.17 3.64
C80-12.0 2.0 34,768 89.01 4.04
C100-10 0 36,233 104.86 3.39
C100-10.5 0.5 37,376 107.39 3.71
C100-f1.0 1.0 38,732 111.93 3.95
C100-12.0 2.0 38,099 116.92 4.09
C150-0 0 42,023 149.40 3.97
C150-f0.5 0.5 41,203 154.96 4.47
C150-f1.0 1.0 42,365 159.60 4.77
C150-12.0 2.0 43,222 162.40 4.79
C200-0 0 45,512 198.21 4.87
C200-10.5 0.5 45,019 202.70 4.97
C200-f1.0 1.0 46,734 210.40 5.26
C200-12.0 2.0 47,515 216.52 5.39
V; : volume fraction of steel fiber (%), £, : Elastic modulus
(MPa), f, : compressive strength of concrete (tested value,
MPa), ¢, : strain corresponding peak stress
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Fiber Contents [Vol %]
(b) Elastic modulus

Strain at Peak Strength [107]
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Fig. 2 Change of Mechanical Characteristics according to
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Fig. 3 Failure Pattern of Steel Fiber Reinforced Ultra-High
Strength Concrete and Ultra-High Strength Concrete
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©  Test Results
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Modulus of Elasticity [MPa]
1
1
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Fig. 4 Relation between compressive strength of concrete
and Elastic modulus
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Table 5 Statistical Evaluation of previously suggested equations
for Modulus of Elasticity

Researcher Mean SD CV IAE
KCI2007'® 0.99 0.12 0.12 8.52
KCI2012" 1.01 0.12 0.12 8.42
ACI318-11"7 0.93 0.13 0.14 | 13.72
CEB-fip 228" 0.83 0.10 0.12 | 20.65
Martinez'® 1.05 0.13 0.12 9.45
Cook'” 0.75 0.09 0.12 | 32.44
Ahmad & Shah®” 1.07 0.12 0.12 9.83
Graybeal'" 1.14 0.16 0.14 | 13.54

SD : Standard Deviation, CV : Coeffiecient of Variation,
IAE : Integrated Absolute Error(%)

Table 6 Statistical Evaluation of previously suggested equations
for Strain at peak stress

Researcher Mean SD CV IAE (%)
Collins® 0.99 0.12 0.12 8.74
Wee” 1.16 0.17 0.15 16.37
Ros'? 0.78 0.19 0.25 42.05
Shah-Fafits'® 0.84 0.09 0.11 19.49
De Nicolo' 0.93 0.11 0.12 11.58
CEB-fip 228" 0.99 0.13 0.13 10.56
EC2" 1.09 0.15 0.14 12.52

SD : Standard Deviation, CV : Coeffiecient of Variation,
IAE : Integrated Absolute Error(%)
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