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Finite element simulation of
compressive strength of rock filled
concrete based on Abaqus method

WaNG Hui', HE SHIQIN', ZHU ZHONGFENG?

Abstract. Based on Abaqus nonlinear finite element analysis software, the compressive
strength of rock filled concrete cube and prism were simulated and analyzed. The rock filled
concrete was divided into a type of three-component composite material composed of self-compacted
concrete (SCC), rock and interfaces. The modelling, meshing and initial data export was completed
by Patran software, and then analyzed with ABAQUS. The results show that compression test of
rock filled concrete could be simulated with concrete damage model, and the compressive strength
calculated from the load—displacement curve was in good agreement with the experimental results.
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1. Introduction

Rock Filled Concrete (RFC) technology is developed on the basis of self-compacting
concrete (SCC), which features low carbon environmental protection, low hydration
heat, simple process, low cost, fast construction speed [1]. Construction of rock-
filled concrete is mainly divided into two processes: stone warehousing and pouring
of self-compacting concrete. During the construction process, rock-fill body with
particle size larger than 300 mm is placed in the surface of the storehouse, and then
self-compacting concrete is poured into the rock-fill body. Due to its characteristics
of good flowability, anti-separation and self-flowing, self-compacting concrete can
fill voids in the rock-fill body well, thus forming complete, dense and high strength
concrete [2].

The particle size of rock body in rock filled concrete is large, generally 150 ~
200mm. According to the requirements that the specimen size should be 3 times
of the rock body size, the size of specimen for research of mechanical properties of
rock filled concrete is very large. Also, there is high requirement for test equipment
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capacity and test condition, so it is difficult to study its mechanics and physical prop-
erties, and there is few related experimental research [3]-[4]. Numerical simulation of
rock filled concrete performance, however, is a good way to study. Based on Abaqus
finite element analysis software, compressive strength of 500 mm x500 mm x500 mm
cube specimens and 450 mmx450 mm x 900 mm prism specimens of rock filled con-
crete was numerically simulated. The specimen load-displacement curve and crack
propagation forms were analyzed to provide a numerical method for the study of
mechanical properties of rock filled concrete.

2. Numerical simulation of compressive strength of rock filled
concrete

2.1. Finite element simulation of rock filled concrete

Because 3D modelling of rock filled concrete is very complicated [5], 2D finite
element model was developed in this paper to simulate compressive strength of
rock filled concrete cube and prism. MSC.Patran software was used for modelling
and meshing. In modelling, RFCs were regarded as a type of three-component
composite material composed of self-compacted concrete (SCC), rock and interfaces
[6]. The rock outline in the specimen was randomly plotted by AutoCAD. The
CAD-exported files were imported in MSC.Patran and meshing was done. The rock
block was defined as ROCK group according to the CAD model, and the remainder
was defined as SCC group. Then, Inp file was preliminarily analyzed and exported,
and model material properties were defined by editing Inp file, and conferred to
the corresponding rock and self-compacting concrete. Then the Abaqus software
was used for finite element analysis, plastic damage of the concrete was analyzed by
concrete plastic damage model, and the stress-strain curve was obtained.

2.2. Material constitutive model

The constitutive model was obtained from the relevant experimental data. For
the rock, consider its plasticity descending branch, while plastic descending branch
in the stress-strain curve is not taken into account for SCC. The load-displacement
curves of rock and SCC were calculated and compared with the experimental data,
as shown in Fig. 1. The simulation parameters of 500 mm x500 mmx500 mm cube
and mm prism compressive strength are listed in Table 1.

Table 1. Material characteristics

SCC ROCK
Elasticity Poisson’s Compressive Elasticity Poisson’s Ultimate
modulus ratio strength (MPa) | modulus ratio strength (MPa)
(GPa) (GPa)
20.54 0.2 23 41.3 0.2 73
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Fig. 1. Constitutive model of SCC (up) and ROCK (bottom) inputted by Abaqus
simulation

2.8. Cubic compressive strength specimen modeling and
meshing

In order to reflect the meso-scale properties of the concrete [7], the cubic com-
pression model was separated into 40,000 meshing of 2.5 mmx2.5mm units. The
number of units and the computation is very large, and the computer analysis time
is relatively long. The model meshing is shown in Fig. 2.

2.4. Prism compressive strength specimen modeling and
meshing

The prism model was simulated by 450 mm x450 mm x 900 mm prism model, and
divided into 45,000 meshing of 3mmx3 mm units. The meshing and grouping are
shown in Fig. 3.
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3. Finite element simulation results and analysis

3.1. Stress distribution

The stress distribution of cube compressive strength specimen is shown in Fig. 4.

+1.22e+01

Fig. 4. Stress distribution of cube specimen: left-ROCK stress distribution,
right—SCC stress distribution

Stress distribution of prism compressive strength specimen is shown in Fig.5
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Fig. 5. Stress distribution of prism specimen: left—-ROCK stress distribution,
right—-SCC stress distribution

3.2. Failure state and load displacement curve

Because concrete damage model analysis cannot show concrete crack propaga-
tion of specimen, this paper applied equivalent plastic strain to simulate crack prop-
agation of the specimen. The equivalent plastic displacement of cube compressive
strength specimen is shown in Fig.6 and the resulting load displacement curve is
shown in Fig. 7. As can be known from Figure Fig. 7, the maximum load is 5, 940 kN
and the compressive strength is 23.76 MPa, which is close to the experimental result.
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Fig. 6. Equivalent plastic displacement diagram
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Fig. 7. Load-displacement curve of cubic specimen

The equivalent plastic displacement of the prism specimen is shown in Fig.8,
and the resulting load displacement curve is shown in Fig.9. As can be known from
Fig. 9, the maximum load of specimen is 4.790 kN and the compressive strength is
23.65 MPa, which is higher than the experimental result.

4. Conclusion

The stress distribution diagram for compression failure analysis of cube model
and prism model shows that SCC and ROCK can work together, and there is no
obvious discontinuity in stress distribution.

The cubic compressive and prismatic compressive failure modes are mainly crack-
ing failure in SCC.

The results of cubic compressive strength of rock filled concrete are close to the
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Fig. 8. Equivalent plastic displacement diagram
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Fig. 9. Load-displacement curve of prism specimen

experimental results. Due to there is error in boundary conditions and experimental
conditions in prism compressive strength calculation, the calculated value is higher
than the experimental results.
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