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THE RESEARCH OF IMPACT TEST FOR STRUCTURES
WITH CUSHION MATERIALS

Jeng-chuan Liou,! Yeong-shiang Chen,? and Yu-wen Liu’
ABSTRACT

Recently, there has been substantial damage to the hills of Taiwan due to the
weakening of soil and increased rain from storms and typhoons. The damage is
threatening people’s lives and property. Therefore, the government has built many Sabo
structures, but they can not entirely withstand the impact forces of large amount of
rocks. Our institute conducted impact test experiments by adding cushion materials to
the Sabo structure to decrease some of the impact forces in order to protect the structure.
Our data indicate that rubber plate at a thickness of 12 cm and hardness of 40 or 60 can
decrease the acceleration impact by about 95% at a slope angle of 6 to 14 degrees. We
concluded that these cushion materials have excellent impact reduction capability and
can help maintain the safety of the Sabo structures.

INTRODUCTION

The bridge piers and Sabo structures are often destroyed by the impact and
transportation forces of debris flow during typhoon seasons in Taiwan. Several
researchers have presented theoretical analysis and experimental results on the impact
force of debris flow (Liu, et al., 1996; Yu, 1992; Shiau, 1995; and Lin, 1994). From
their studies, the shape of impacted force by debris flow can be classified in to three
patterns: saw-toothed impulse, rectangular impulse, and peaky impulse, Of these three
patterns, the peaky impulse, which is impacted by big and hard rocks, is the most
destructive to structures because the impact to the structures is instantaneous and the
dissipation of impact energy is very quick and large.

In order to maintain the safety of impacted structures, cushion materials can be used
on the surface of the impacted structures to reduce the peak impact force and extend the
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time of energy dissipation. For the selection of cushion materials, Chen, et al. (1996,
1997) made a series of studies using a mass-spring-damping system to examine the
structure’s reactions to the impact of large rigid mass. Their studies suggested that
cushion materials of sufficient thickness with proper damping ratio and lower stiffness
than the structures could reduce the maximum forces of impact vibration. This present
research is based on the studies of Chen et al. (1996-1997) and focused on the effect of
rubber plates as cushion material to test the impact of structures using rigid mass.

IMPACT VIBRATION THEORY
Impact Vibration Mechanics

Impact vibration mechanics for rigid body impact structures can be used a mass-
damping system to model as figure 1, and it can be expressed as equation (1) or (2).

mli() +eU)+kU@) = F )
U() + 280l(t) + @ U(t) = Flm 2)
where {/(t) acceleration /(1) velocity U/(r) . deformation
k - stiffness ¢ . damping m . mass

@ : \[k/m natural frequency F - external forces & (’/C,. damping ratio
Cai 2/lem critical damping
The maximum forces of impact vibration system can be analyzed by equation (2) for
the initial conditions [/(0) = 0 and{/(t) =V, , where V., is the impact velocity, and it’s
shown in figure 2. In figure 2, the nondimensional parameter V., is defined as equation
(3)
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Cushion Characteristics

In figure 2, it show that the maximum forces of impact vibration system have a
minimum value when damping ratio £ between zero to one for every curves which
represent differential N,. values It also show that the maximum forces of impact
vibration system are reduced when the natural frequency or stiffness is decreased.

Therefore, cushion materials with proper damping ratio and lower stiffness than
structures, but the thickness is enough, which can reduce the maximum forces of impact

vibration system.
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MATERIALS AND METHODS

A channel was designed for the impact test. The diagram of the channel design is
shown in Figure 3. A rigid mass of steel weighing 33 Kg was used to test the impact on
the end plate of the channel from the top of the channel. The impact test was conducted
at five channel slope angles of 6, 8, 10, 12, and 14 degrees. Rubber plates with
thicknesses of 0, 3, 6, 9, and 12 cm and hardnesses of 40 and 60 were used as cushion
materials on the surface of the channel end plate. Each condition was tested at least 3
times. The impacted vibration acceleration values on the center of the channel end plate
were recorded. The effects of the cushion materials on reducing impacted vibration
acceleration were analyzed.

RESULTS AND DISCUSSIONS

The data of the impact tests are presented in Figures 4 to 12. The time-history
records of impacted acceleration for the channel slope angle of 12 degrees are shown in
Figure 4 (with no rubber plates) and in Figure 5 (with rubber plates with a thickness of
12 ¢cm and hardness of 60 for cushion materials). Figures 6 to 10 show the peak
impacted acceleration values (PIAV) at a constant channel slope angle with rubber
plates of different thicknesses and hardnesses. Figures 11 and 12 show the reduced
percentages of the PIAV with rubber plates of different thicknesses at a hardness of 40
(Fig. 11) and 60 (Fig. 12) when compared to no rubber plates.

Comparison of Time-History Records

Figures 4 and 5 show that the cushion material of rubber plates can reduce the PIAV
and extend the duration of impacted time-history records. This means that the impacted
energy is dispersed more slowly. Therefore, cushion materials can protect the impacted
structures and rubber plates are ideal cushion materials for this effect.

Effect of Rubber Plate Thickness

Figure 6 shows the PIAV for the channel slope angle of 6 degrees. As the thickness
of the rubber plate increased, the reduction of the PIAV also increased. In Figures 11
and 12, the reduced percentage of PIAV was between 93 and 95% when the thickness of
the rubber plates was 12 cm when compared to no rubber plates. Even at 3 cm
thickness, the rubber plate reduced the PIAV by 55 to 66%. Therefore, rubber plates are
excellent cushion materials for reducing PIAV or impacted forces.

Effect of Rubber Hardness

In Figure 6, the PIAV for rubber plates with hardness of 40 were smaller than
hardness of 60 because of the natural frequency or stiffness of hardness of 40 is smaller
than hardness of 60. Figures 11 and 12 also show that the reduced percentage of the
PIAV with hardness of 40 were greater than hardness of 60. However, this difference
became less as the thickness of the rubber plates approached 12 cm.
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Effect of Slope Angle

Figures 6 to 10 show that the PIAV increased accordingly as the slope angle or
impact energy increased. They also show that the difference of PIAV between hardness
of 40 and 60 was decreased when the slope angle increased. Figures 11 and 12 indicate
that the reduced percentage of PIAV did not vary with the slope angles when the
thickness and hardness of the rubber plates remain constant.

CONCLUSIONS

Based on the data from this research, we concluded the following:

1. Regardless of the slope angles, the impact acceleration force is the greatest when
there is no rubber plate cushion material. As the rubber cushion thickness increases,
the impact acceleration rate gradually decreases. The impact tests show that the
rubber plate has excellent cushioning effect and it can be used for Sabo structures or
bridge piers. ' :

2. The steeper the slope angle, the larger the impact acceleration, thus the larger the
impact force.

3. The thicker the rubber plates the more the reduction in PIAV percentage regardless
whether the rubber plate hardness was 40 or 60. Rubber plates at a thickness of 12
cm can reduce the PIAV for the impacted energy by 93 to 95%. Therefore, it offers
excellent protection to the safety of the Sabo structures.

4. We recommend adding cushion materials to the hillside Sabo structures or bridge
piers to help protect these structures from being destroyed by debris flow.

5. The cushioning effect of the rubber plate at hardness of 40 is better than hardness of
60 because the natural frequency or stiffness is less for hardness of 40 than that of
60.

ACKNOWLEDGEMENT
This research was supported by the council of agriculture, Taiwan, R.0.C.

REFERENCES

Liu, K.F., and Yu,B.(1996).<Impact force and Energy Dissipation of Concave Debris
Dams"sé’roceedings of the 8" Hydraulic Engineering Conferences Taipei, Taiwan,
521-528.

Liu, K.F., and Lee,F.C.(1996).A Study of the Impact Force on Debris Dams”,
groceggings of the 8" Hydraulic Engineering Conference Taipei, Taiwan,

77-584.

Yu, F.C.(1992).A Study on the Impact Factor of Debris Flow”, National science
Council, Part A: Physical and Engineering> Taiwan, 16(1), 32-39.

Hsiao, C.Y.(1995), “A Study of the Impact Force on Slit Dam by Debris Flow”,
Master thesis, University of Chung-hsing, Taiwan.

Lin, H.C.(1994), “The Impact Force of Dams by Debris Flow”,Master thesis,
University of Chung- hsing, Taiwan.

- 232 -



Chen, Y.S., Chang, Y.L., Liu, Y.W., and Liou, J.C.(1997).«Analysis of Cushion
Characteristics on Sabo Structure by Using Energy-dispersion Impact Theory»,
Proceedings of the First National Debris Flow Conference, Nantou, Taiwan, 83-91.

Chen, Y.S., and Chang, Y.L.(1996).«Optimum Parameters of Horizontal Impacted
System"”, Journal of National Chia-Yi Institute of Agricultures NCIA, 49, 69-80.

Chang, Y.L. and Chen, Y.S.(1996).“Optimum Parameters of Vertical Impacted
igsgﬂ'ﬂ I(J)Y Rigid Mass", Journal of National Chia-Yi Institute of Agriculture- NCIA,

, 95-105.

Chen, Y.S., and Chang, Y.L.(1997).«Optimum Parameters of Horizontal Impacted
System with Friction Effect”, foupnal of National Chia-Yi Institute of A griculture
NCIA, 51, 83-95.

a
Figure 1 Impact vibration model system
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Figure 2 Maximum forces of impact vibration system
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Figure 3 Diagram of channel for impact test
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Figure 4 Time-history records of impacted acceleration

( for 12"channel slope angle without rubber plate )
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Figure 5 Time-history records of impacted acceleration

( for 12" channel slope angle and with rubber plate
of 60 hardness and 12cm thickness )
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Figure 6 Peak impacted acceleration values (PIAV) for 6" channel slope angle
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Figure 7 Peak impacted acceleration values (PIAV) for 8" channel slope angle
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Figure 8 Peak impacted acceleration values (PIAV) for 10" channel slope angle
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Figure 9 Peak impacted acceleration values (PTAV) for 12" channel slope angle

Figure 10 Peak impacted acceleration values (PIAV) for 14" channel slope angle
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Figure 11
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Figure 12 Reduced percentage of the PIAV
( for 60 hardness of rubber plate )
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