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Abstract: Four-point flexural tests were carried out on
14 reinforced high-strength engineered cementitious
composite (HS-ECC) beams. The effects of concrete
types,
stirrups on the flexural and shear behaviors of reinforced

reinforcement ratios of longitudinal bars and

beams were explored. Then, the bending capacitity of the
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HS-ECC beams with stirrups was calculated based on the
plane-section assumption and material constitutive
models, and the shear capacitiy of HS-ECC beams

without stirrups was calculated according to the
specifications at home and abroad. Finally, the finite
element model of HS-ECC beams was established via
Abaqus. It is shown that: all the HS-ECC specimens with
stirrups are flexural failure; the ultimate flexural load and
the stiffness of HS-ECC beams

reinforcement ratio, but the ductility remains stable; HS-

increase with the

ECC beams with stirrups demonstrate superior flexural
performance and crack distribution capacity compared
with conventional concrete beams; the failure modes of
HS-ECC beams without stirrups vary from flexural failure
to shear failure with the increasing reinforcement ratio;
the higher the reinforcement ratio of HS-ECC beams, the
higher the shear capacity and stiffness, while the lower
the ductility; calculation results of the bending capacity of
the HS-ECC beams are

experimental values; the load-displacement curves of the

in good agreement with

HS-ECC beams are simulated with the finite element

model effectively.

Key words: high-strength engineered cementitious

composite(HS-ECC); flexural and shear behaviors;

theoretical analysis; finite element model
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Tab.1 Geometric parameters and reinforcement of

specimens
ENEEIRE TR e 12l i 7 PR ECHIR Y%
NU1 HS-ECC
NU2 HS-ECC
RC2D6 WimEiREE L P6@50 206 0.69
RC3D8 TEREE L P6@S50 308 1.86
RC3®10 PR P6@50 3310 2.94
RU2D6 HS-ECC DE@50 206 0.69
RU3®8 HS-ECC D@50 308 1.86
RU3®10 HS-ECC DE@50 3310 2.94
RC2D6NS i iRsE+ 206 0.69
RC3®SNS  miRsE+ 308 1.86
RC3®IONS  MimiREE+ 3010 2.94
RU2DENS HS ECC 206 0.69
RU3DSNS HSECC 308 1.86
RU3®10NS HS-ECC 3310 2.94
P iz e B AT S A BN 2 R . SR H

W AR AR IR AL 2L, AL R 500 kKN. Ny
A D A5 2 AN AR, R B Ol 450 mm, 42 B
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Fig. 1 Geometric parameters and reinforcement of specimens (unit: mm)
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Fig. 2 Loading setup, instrumentation layout and digital image correlation method
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Tab.3 Geometric and mechanical parameters of longitudinal steel bars in the theoretical model of each

,/107° 0.,/ MPa
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119.6
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Fig. 8 Horizontal stress-strian distribution of HS-ECC and steel bars along the depth of midspan cross section
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Tab.4 Experimental and theoretical flexural capacity of HS-ECC beams

A4S P,./kN P /N P, . /KN P /N P, /kN P, /kN P, /kN P, ./kN Pt/ Py
NULRINU2  29.34 52.675  61.395 15.6 511 61.4 61. 4 1.00
RU206 29.30 64.000  74.300 16.3 63.3 72.1 75.4 75.4 1.01
RU3®S 30.00 81.900  109.200 17.5 103.6 113.3 115. 1 116.2 1.06
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Tab.5 Calculation formula for shear capacity of HS-ECC beams
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Tab. 6 Experimental and theoretical shear capacity of HS-ECC beams

jEniE e Veo/KN V,/kN V,./kN V,o/kN VJ/KN  V/V,  Vo/Ve  Vu/Ve V'V
RU2®6NS 37.3 47.3 56. 0 35.9 69.0 1.27 1.50 0.96 1.85
RU3®SNS 53.1 47.3 58.0 50.0 69.0 0.89 1.09 0.94 1.30
RU3®IONS 59.8 47.3 59.2 58.2 69.0 0.79 0.99 0.97 1.15
V2 Vo, R AR ]
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Fig. 17 Theoretical compressive and tensile stress-
strain curves of HS-ECC in finite element

model
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Tab. 7 Basic parameters of concrete damage plasticity model for HS-ECC beams
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Tab. 8 Mechanical parameters of material for HS-ECC beam

. MO p B/ BN EJNS T e 5, WO
mm °) mm °) mm *) mm *) mm ) mm °)
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Fig. 18 True stress-strain curves of steel bars with

different diameters in finite element model
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Fig. 20 Numerical and experimental load-midspan deflection curves
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Tab. 10 Comparison of experimental, theoretical

and numerical maximum load

. P/ Pov/ Por/ Fmocnam  Proooum
BT T N "W Paves Poma
NU1 FNU2 61.4 61.4 64.2 1.05 1.05
RU2®6 74.3 70.8 74.5 1.00 1.05
RU3®D8 109. 2 113.9 116.1 1. 06 1.02
RU3®10 120. 3 130.4 130.3 1.08 1.00
RU2®6NS 74.6 70.8 74.3 1.00 1.05
RU3®ENS 106. 2 100.0 116.2 1.09 1.16
RU3P10ONS 119.5 116.4 125.4 1.05 1.08
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