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	(a) Deformation-failure process
	(b) Typical nominal stress-strain curve 

	Fig.1 Two-stage feature of macroscopic mechanical behavior of concrete under uniaxial tension









	

	Fig. 2  Schematic diagram of the series-parallel spring stochastic damage model (Li and Zhang 2001) 
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	(a)  Micro bar and failure mode
	(b)  Damage evolution process on meso-scale
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	(c) Stress-strain curves on macro-scale

	Fig. 3  Mechanical behavior of concrete under uniaxial tension described by the IPBS
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	(a)   Nominal stress-strain curve
	(b)   Effective stress-strain curve
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	(c)  Microscopic spring beam model

	


	(d)   Cylinder model

	Fig.4   Uniaxial tensile damage evolution process



















	


	(a)  Damage evolution mechanism on a mesoscopic scale
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	(b)  Degradation factor
	(c)  Evolutionary factor

	Fig.5. Two types of mesoscopic mechanism of quasi-brittle material













	


	Fig. 6  Relationship between constitutive behavior on macro-scale and damage evolution process on meso-scale 
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	Fig.7  The influence of the fiber volume fraction on the damage mechanism of concrete









	Fig.8  Summary of uniaxial tensile test information

	Gao（1991）
	Fiber
	Types
	Length to diameter ratio
	Volume fraction  /%
	Equivalent diameter /mm
	Average length /mm

	
	
	Melt-drawn
	50
	0.5,1.0,1.5,2.0
	0.5
	25

	
	Mixture
 /kg/m3
	Cement 
	Water
	Sand
	Stone
	Water reducer

	
	
	450
	225
	887.5
	887.5
	0

	Han et al.（2006）
	Fiber
	Types
	Length to diameter ratio
	Volume fraction 
/%
	Equivalent diameter /mm
	Average length /mm

	
	
	Large-end 
	44.34
	0,0.5,1.0,1.5,2.0,2.5
	0.698
	30.96

	
	Mixture
/kg/m3 
	Cement
	Water
	Sand
	Stone
	Water reducer

	
	
	450
	158
	737
	1105
	4.5










	Fig.9  Results for calculation parameter

	Origin of data
	
（%）
	E0/×10GPa
	
/×10-4
	
/×10-4
	
/×10-4
	H
	R2

	Han et al.（2006）
	0
	3.481
	0.771
	0.993
	1.311
	0.260
	0.9995

	
	0.5
	3.413
	0.909
	1.134
	1.427
	0.307
	0.9997

	
	1.0
	3.107
	1.032
	1.362
	1.598
	0.327
	0.9993

	
	2.0
	2.921
	1.127
	1.771
	2.210
	0.419
	0.9991

	
	2.5
	3.046
	1.181
	2.211
	2.441
	0.450
	0.9994

	Gao（1991）
	0.5
	3.427
	0.164
	0.394
	1.601
	0.202
	0.9773

	
	1.0
	3.512
	0.088
	0.357
	1.905
	0.186
	0.9692

	
	1.5
	3.649
	0.033
	0.261
	2.209
	0.172
	0.9846

	
	2.0
	3.712
	0.030
	0.194
	2.411
	0.162
	0.9721










	

	


	（a）Nominal stress-strain curve（Plan view）
	（b）Effective stress-strain curve（Plan view）
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	（c）Envelope of the nominal stress-strain curve（3D view）
	（d）Envelope of the effective stress-strain curve（3D view）

	Fig.10  Stress-strain curves under uniaxial tension






	

	


	
（a）ρ -curves
	（b）H-ρ curve

	


	（c） E0-ρ curve

	Fig.11 Influence of fiber volume fraction on the characteristic parameters








	

	


	（a） DR-ε curves
	（b）Ev-ε curves

	Fig.12 Evolution curves of damage variable and evolution factor










	

	


	（a）Nominal stress-strain curve（Plan view）
	（b）Effective stress-strain curve（Plan view）
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	（c）Envelope of the nominal stress-strain curve（3D view）
	（d）Envelope of the effective stress-strain curve（3D view）

	Fig.13 Stress-strain curves under uniaxial tension








	

	


	
（a）ρ -curves
	（b）H-ρ curve

	


	（c） E0-ρ curve

	Fig.14 Influence of fiber volume fraction on the characteristic parameters











	

	


	（a）DR-ε curves
	（b） Ev-ε curves

	Fig.15  Evolution curves of damage variable and evolution factor










	

	


	（a）Results for Gao (1991)
	（b）Results for Han et al.（2006）

	Fig.16 Influence of fiber volume fraction on the energy absorption capacity
















	


	Fig.A1  Measured stress-strain curves of steel fiber-reinforced concrete in uniaxial tension from Han et al. (2006)










	


	Fig.A2  Measured stress-strain curves of steel fiber-reinforced concrete in uniaxial tension from Gao (1991)
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