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ABSTRACT

The purpose of this study is to investigate the mechanical characteristics of plain and steel fiber high strength
concrete under uniaxial and biaxial loading condition. A number of plain and steel fiber high strength concrete cubes
having 28 days compressive strength of 82.7 MPa(12,000 psi) were made and tested. Four principal compression stress
ratios (o,/0,=0.00, 050, 0.75 and 1.00), and four fiber concentrations(V; =0.0, 05, 1.0 and 15%) were selected as
major test variables. From test results, it is shown that confinement stress in minor stress direction has pronounced
effect on the strength and deformational behavior. Both of the stiffness and ultimate strength of the plain and fiber
high strength concrete increased. The maximum increase of ultimate strength occurred at biaxial stress ratio of 0.5(,
/o,=05) in the plain high strength concrete and the value were recorded 30 % over than the strength under uniaxial
condition. The failure modes of plain high strength concrete under uniaxial compression were shown as splitting type
of failure but steel fiber concrete specimens under biaxial condition showed shear type failure. The values of elastic
modulus were also examined higher than that from ACI and CEB expression under biaxial compression condition.

Keywords : high strength concrete, fiber reinforced high-strength concrete, stress-strain relation, failure modes, elastic modulus
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Table 1 Concrete mix proportions (unit: kgf/m®)

Cement Coarse Fine Water Silica Sup:';r
aggregate | aggregate fume | plasticizer
534 1098 653 133 30 13,44

Table 2 Type and properties of fiber

Fiber Equivalent Length [ Tensile Elasticity
type |diameter dr(mm)|L; aqnm)]| strength £ |modulus (GPa)

Hooked 050 35 1115 207

steel
Upper Loading Platen

Load Cell

Axial LYDT l"' e Axial LVDT

| I - Steel Plate
‘/Hydrau]ic Jack

..... o v
(23 - \ Eﬂtﬂ /@ %

Base Plate

Hydraulic Jack

Fig. 1 Test set up
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Table 3 Test variables and ultimate strength

Compre- | Minor Ultimate Increase

Test Steel fiber| ssive /major trenath of
specimen | contents |strength of| stress sfren% ultimate
series (Vp cylinders ratio | ° (I\Zl;,;;s strength

(MPa) (CNED) (%)

UPC-0.0-0.00 0 81.0 0.00 82.3 -
UPC-0.0-0.50 0 80.8 0.50 106.9 298
UPC-0.0-0.75 0 80.7 0.75 102.1 24.1
UPC-0.0-1.00) 0 81.3 1.00 9.5 19.6
UFC-0.5-0.00| 0.5 84.0 0.00 88.1 -
UFC-05-0.50 0.5 83.8 0.50 112.8 28.0
UFC-05-0.75 0.5 84.2 0.75 109.2 24.0
UFC-05-1.00) 0.5 82.9 1.00 104.0 18.0
UFC-10-00 10 836.5 0.00 835 -
UFC-1.0-0.50 1.0 85.2 0.50 112.4 27.0
UFC-1.0-0.79| 1.0 88.0 0.75 109.7 24.0
UFC-1.0~1.00 1.0 87.5 1.00 101.8 15.0
UFC-1.5-0.00) 15 88.2 0.00 100.8 -
UFC-15-050 15 89.5 0.50 121.0 20.0
UFC-15-0.75 15 88.7 0.75 1189 185
UFC-15-1.00) 15 88.5 1.00 109.0 9.0
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Fig. 2 Increase in ultimate strength for plain and
fiber high strength concrete
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Fig. 3 Stress strain curves for plain and fiber HSC
under uniaxial compression
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Fig. 4 Stress strain curves for plain and fiber HSC
at stress ratio of 0.5
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Fig.- 5 Stress strain curves for plain and fiber HPC
at stress ratio of 1.0
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(a) Plain HSC under
uniaxial compression

Fig. 6 Crack patterns

(b) Fiber HSC under
uniaxial compression
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(a) Plain HSC under
biaxial compression

Fig. 7 Crack patterns

(b) Fiber HSC under
biaxial compression
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Table 4 Values of elastic moduius by test, ACl and CEB

. Initial tangent | Elastic modulus
SPECimen | modulus, e | (MPax10") Tesy Tes/
(MPax10")  [Test| ACI [CEB
392 3.92 [ 3.70 [ 367 | 1.059 | 1.068
3.94 394 | 3.70 | 3.67 | 1.065 | 1.074
3.81 381|370 | 367 | 1.030 | 1.037
4.09 409|370 | 3671105 ] 1.114
UPC-0.0- 3.98 3981370 3671076 1.084
0.00 3.74 3.74 | 370 | 3.67 | 1.011 | 1.019
3.68 3.68 | 3.70 | 3.67 [ 0.995 | 1.003
3.76 3.76 | 3.70 | 3.67 | 1.016 | 1.025
3.94 3941237013671 1.065]1.074
3.90 390|370 | 3.67]1.054 ] 1.063
5.11 465 | 412403 ]1.129 | 1.154
519 4724124031146 | 1171
5.39 490 | 4121403 ]1.189 | 1.216
5.26 479 | 4121403 | 1.163 | 1.189
UPC-0.0- 592 475 | 412|403 | 1.153 | 1.179
0.50 5.24 4771412 403]1.158 | 1.184
531 483(412]403]1.172]1.199
5.27 480|412 ]4.03]1.165(1.191
5.21 4744124031150 {1176
5.36 488 14121403 1184|1211
5.23 4524043961119 ] 1141
5.26 455 | 404|396 | 1.126 | 1.149
5.24 4534041396 1121|1141
5.03 435|404 ]3.96|1.077 | 1.098
UPC-0.0- 5.26 455 | 404|396 ] 1.126 | 1.149
0.75 5.05 437 | 404|396 | 1.082 | 1.104
510 441 [404]396]1.092]1.114
5.07 439|404 ]396]1.087]1.109
517 447 | 4041396 | 1.106 | 1.129
5.02 443404396 | 1.074 | 1.096
477 391 39739710985 | 0997
4.80 3.94 | 397 | 3.97 | 0.992 | 1.005
496 407|397 397 ]1.025 | 1.038
491 4.03]397]397 1015 1.028
UPC-0.0- 462 379397 (397 | 0955 | 0.967
1.00 470 3.85 | 3973970970 | 0.982
481 3.94 | 397|397 [ 0992 | 1.005
465 3.81 1397 {397 | 0960 | 0.972
470 3.85 | 3.97 | 3.97 | 0.970 | 0.982
465 3.81 397|392 10960 | 0.972
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d
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Elastic Modulus ( Mpa X 10%)

70 80 90 100 10
Compressive Stress (Mpa)

Fig. 8 CoMParison of the values of elastic modulus
from test and ACIl, CEB expression
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