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EXTENDED ABSTRACT

Introduction

In the safety experiment with reinforced concrete (RC) beams under impact loading,
the prediction of bending capacity and their response to maximum deflection are
considered important indicators of failure. On the other hand, researchers are always
interested in providing a reliable model based on numerical methods such as finite
element (FE), boundary element (BE), etc., which offers the possibility of studying the
behavior of RC structures under various conditions of impact loads by identifying the
parameters and relationships affecting the formation of cracks. In this field, researchers
have proposed factors aimed at preventing and reducing damage to structures. This paper
uses the experimental results simulate the free fall of a hammer on an RC beam. The
advanced LS-DYNA software was used for the nonlinear finite element analysis analysis.
The models developed in this paper provide a practical tool for predicting RC beam failure
modes and can significantly reduce the costs of laboratory tests. The matching of
numerical analysis results with laboratory results makes the numerical model have
acceptable accuracy. With the detailed study done for the amount of loading and
compressive strength of concrete, the flexural failure modes of concrete beams with
strengths of 32 MPa, 42 MPa, and 52 MPa have been compared in 2 m/s, 4 m/s, 6 m/s, 8
m/s, and 10 m/s loading rates.

Methodology

As shown in Figure 1-a, the hammer-free fall test is used to apply the impact loading on
the RC beam. At a height of 0.15 m, the 400 kg hammer is released from the upper surface
and middle opening of the RC beam. Reinforced concrete (RC) beam support with 1400 mm
length has a special design that allows free rotation, but its degree of freedom of translation
is limited. Hammer-RC contact force and intermediate deformation are measured using a
dynamic force sensor and a laser displacement sensor; respectively. By placing a thin plastic
layer on the lower surface of the RC, the accuracy of the laser sensor's accuracy in recording
the response with a sampling rate of 100 kHz is increased.
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Figure 1. Details of the model; (a) experimental, (b) numerical

In this paper, the powerful LS-DYNA software is used to simulate the effect of hammer-free
fall on RC based on the explicit nonlinear dynamic finite element method. The components
of the finite element model are shown in Figure 1-b. The material model
CONCRETE_DAMAGE is used for describing the complex behavior of concrete under
pressure and tension, even at high strain rates. PEICEWISE_LINEAR_PLASTICITY material
model is used to investigate the behavior of steel bars. This material model is of elastoplastic
type with the ability to define the plastic region in the stress-strain curve. Since the material
of the hammer is much harder than steel, the RIGID material model is used. This study
models the interaction between RC and the impactor wusing the
AUTOMATIC_SURFACE_TO_SURFAE contact model. The
CONSTARINED_LAGRANGE_IN_SOLID contact algorithm is used for the interaction between
steel and concrete.

Results and discussion

As shown in Figure 2-a, the effective plastic strain (flexural failure modes) correspond to
the results of the free fall impact test. According to Figure 2-b, the difference of maximum
deflection for the RC beam is about 0.5 mm (less than 8%) that indicates a good agreement
between the obtained results and the validation of the numerical model.
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Figure 2. Comparison of experimenral and numerical result for Sample $1616; (a) failure mode, (b) RC
deflection

As shown in Table 1, the bending deflection of RC beam decreases with the increase of
compressive strength. For each 10 MPa increase in concrete compressive strength (from 32
MPa, 42 MPa and 52 MPa), the displacement of the central opening is reduced by
approximately 10%. At a loading rate of 10 m/s for low compressive strength (32 MPa) to
high compressive strength (52 MPa), the impact force increased by approximately 31%.

Table 1. Comparison of models

Model LR (m/s) S.(MPa) TF max (kN) 8 (mm)
SI616 915 " 120 (EXP) 6.4 (EXP)
170 (FE) 5.9 (FE)
2532 2 189 77
C4S32 4 403 32
32
C6S32 6 547 76.1
C8S32 8 622 127
C10S32 10 769 188
2542 2 189 7.41
C4S42 4 433 29.7
C6542 6 42 620 723
C8542 8 790 124
C10S42 10 900 184
2552 2 197 7.16
C4852 4 461 27.6
C6S52 6 52 682 69
C8S52 8 851 121
C10S52 10 1006 181

EXP: Experimental result Sc: Compressive strength of Concrete
FE: Finite element result IF: Impact force
LR: Loading Rate &: Mid span deflection of RC beam
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Conclusion

In this paper, based on experimental and numerical modeling, the bending failure modes
of RC beam under free fall hammer impact is investigated. The numerical model can be used
to develop a parametric study including types of fall height, arrangement of reinforcment,
etc. to evaluate the failure modes of RC beams. A parametric study has been carried out at 5
different loading rates of 2 m/s, 4 m/s, 6 m/s,8 m/s and 10 m/s for concrete beams with
compressive strength 32 MPa, 42 MPa and 52 MPa. The obtained results show:
1- The displacement of the middle opening decreases by 10% for every 10 MPa increase in
concrete compressive strength.
2- The compressive strength of concrete at a low loading rate (2 m/s ) does not have a
significant effect on the impact force.
3- The impact force at the loading rate of 10 m/s increases by approximately 31% for low
(32 MPa) to high (52 MPa) compressive strength.
4- Increasing the diameter of steel bars on the impact response of concrete free fall in the
most critical impact conditions (compressive strength 32 MPa and loading rate 10 m/s) has
a negligible effect on the maximum deflection of RC beam.
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