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Preface

The 2016 International Conference on Advanced Material Science and Environmental Engineering
(AMSEE2016), with generous support from individuals and institutions, will be held in Chiang Mali,
Thailand, from June 26 to 27, 2016, mainly focusing on materials science and environmental engineering.

Since 1960s, advanced material science has become an emerging scientific domain. It is closely related to
many other fields, such as metallurgy, solid state physics, and chemistry. Thus, it is currently recognized as
an intersection of a variety of fields and will play an increasingly important role in the future. As for the
environmental engineering, it is widely known that environmental problems are becoming increasingly
serious with the accelerating development of modern industry. And people’s consciousness of sustainable
development has created a solid foundation for the advancement of environmental engineering. As a result,
AMSEE 2016, organized by the Science and Engineering Research Center (SERC), Hong Kong, provides a
platform for those who make strenuous efforts to facilitate the development of advanced material science and
environmental engineering.

Before the deadline, we have received approximately 249 papers from prominent scholars and scientists from
different regions. These papers have gone through a strict reviewing process. All the submissions were
double blind reviewed; both the reviewers and the authors remained anonymous. Firstly, all the submissions
were classified into several chapters in accordance with the topics. Then the chairs assigned the submissions
to reviewers according to their research interests. Each submission was examined by two independent
international reviewers. Only papers approved by both reviewers were accepted for publication. If two
reviewers held different opinions, the paper should be transferred to the third reviewer (usually a new
reviewer) assigned by the chairs. The final result ought to be decided by the third party. Ultimately, 77
submissions of innovation and practicability were accepted for publication, which means around 30.92
percent papers have been accepted. In this book these papers are divided under 5 chapters:

Chapter 1: Materials Science and Materials Processing Technology
Chapter 2: Environmental Science and Energy Engineering
Chapter 3: Applied Mechanics and Mechanical Engineering
Chapter 4: Measurement, Test and Industrial Application

Chapter 5: Communications and Signal Processing

In this conference latest researches and excellent oral presentations will be presented by researchers for
exchange of information and this will contribute not only to their future studies but also to the advanced
material science as well as the environmental engineering field.

In the whole preparing process, we have been supported by many people and institutions. Here, we would
like to show our sincere appreciation to all the participants and organizations for their contribution to
AMSEE 2016: International Scientific Committees, to Atlantis Press and to all the committee members for
their hard work.

It is such a privilege for us to witness this great conference. And we truly hope that there will be more
cooperation and communication with these outstanding people. Finally, we wish that this conference will be a
success and our participants can all benefit from it and we are looking forward to the next great conference.

AMSEE 2016 Committee
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Study of Concrete Aging Effect on the Contact Force
and the Contact Time during the Impact of an Elastic
Sphere upon a Viscoelastic Beam
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Abstract—In this paper the effect of concrete aging on contact
force and contact time during the impact of steel ball upon a
concrete beam has been investigated. Three concrete beams were
tested at the ages of 7, 14, 28, 56, 91 and 182 days. It was found
that contact force increases with concrete age, whereas the contact
duration becomes shorter. The most significant changes occur at
early ages, before 28 days, and this process slows down after this
age: average maximum contact force is increased by 19.82% and
average contact time is decreased by 20.87%. This is related to
concrete hardening: at very early ages concrete behaves more like
a viscoelastic material and possesses a certain damping effect
which is reduced with concrete aging.

Keywords-viscoelastic beam; contact force; contact time

L INTRODUCTION

With worldwide growth of construction area, construction
risks, obviously grow. Nowadays, many accidental impact
actions on structural elements occur during its transportation,
elevation, mounting, service and repair works. Some of them
may cause the material microstructure changes in the contact
zone and may affect its bearing properties, durability,
stress-strained condition, stress distribution of entire structure
etc., which, in turn creates additional risks. For safety reasons,
those risks must be taken into account. A good way to estimate
the damage of structures during the impact is to have a certain
method to predict the behavior of the material under the impact
loading. In this regard, it is important to estimate the contact
time and contact force during the impact interaction.

In the previous work Rossikhin and Shitikova proposed two
approaches for studying the impact response of a viscoelastic
Bernoulli-Euler beam under the impact by steel sphere. The
Young’s Modulus of the viscoelastic beam was considered as a
time-dependent operator and was defined either using the
Kelvin—Voigt fractional derivative model or via the standard
linear solid fractional derivative model. According to the first
approach, Poisson’s ratio is not an operator, but a constant. The
second approach assumes that the bulk modulus is a constant. It
was found that the solution obtained with the first approach is
much simpler comparing to the one obtained with constant bulk
modulus [1].

© 2016. The authors - Published by Atlantis Press

175

In this paper the way to estimate contact duration and
contact force experimentally is proposed for the case when a
viscoelastic Timoshenko beam is impacted by an elastic sphere.

1.  EXPERIMENT

Within the framework of the experiment three concrete
beams (1000 X 100 X 100 mm) and a batch of cylindrical
samples (200 mm in height and 100 mm in diameter) have been
cast (see Figure I). Mix proportions were designed according to
ACI standard C211.1 [2] with the water to cement ratio of 0.41
(see Table I). Cylindrical specimens have been tested at the
ages of 7, 14 and 28 days for the compressive strength, whereas
the testing period for the beams was much longer: 7, 14, 28, 56,
91 and 182 days. All the specimens had water curing for a week,
after that they were taken out of the water and cured in the air.

TABLE 1. MIX PROPORIONS ACCORDING TO ACI, KG/M?

Fine Coarse .
Wle(lter Cerl’?ent aggregates, aggregates, Superpll(astICIZer,
g g kg kg g
194.00 473.17 777.26 932.38 2.20

[,
FIGURE I. CASTING OF CONCRETE SAMPLES



In order to obtain contact time and contact force during the
impact, the following experimental set up was constructed. A
simply supported beam was impacted by a steel sphere, which
in turn was dropped from the height of 100 mm in the middle of
the beam. During the impact it is important to prevent the beam
from vertical jump, otherwise the signal will be destroyed. For
this reason, the ends of the beams were tightly bound to the
supporting rod by steel wire. The mass of the ball is 261.19 g.
PCB 352C33 accelerometer is attached to the bottom surface of
the beam, right under the impact point. Detected signal was
transmitted to data acquisition system AD-Link and eventually
was converted into digital signal. Visual Signal software has
been used to transform and visualize the data. Impact test
scheme and the experimental set up are shown on Figure I and
Figure III, respectively.

100 mm

Steel ball d=40 mm

Steel wire Mass=261.19 g

Timoshenko type beam

Supporting rod
Accelerometer PCB 352C33

1000 mm

FIGURE II. IMPACT TEST SCHEME

When the data are obtained on PC and properly visualized,
contact time can be measured as a half-period of the first
vibration in similar way with the authors of the reference [3].
Scheme of contact time measurement is shown on Figure IV.
Since the acceleration is recorded during the experiment, the
contact force can be calculated by using the Newton’s Second
law. Contact force during the impact is a function of time and
can be represented graphically as it is shown on Figure V.

FIGURE III. EXPERIMENTAL SETUP

176

—

Acceleration, m/s?

AW
vV VvV

Contact time

Time, s

FIGURE IV. SCHEME OF THE CONTACT TIME MEASUREMENT
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FIGURE V. CONTACT TIME AND CONTACT FORCE MEASUREMENT

II. RESULTS AND DISCUSSIONS

As it was mentioned above, the impact tests have been done
at the ages of 7, 14, 28, 56, 91 and 182 days. When testing the
beams at very early ages, it is important to ensure that they will
not break down due to the lack of strength. Compressive
strength is a good criterion for such an estimation. At the age of
7 days it was 29.78 MPa and has reached the value of 43.57
MPa at 28 days.

350
e ¢ Beam1l
325 + Beam 2
%) 1 O Beam 3
E 300
& i & Average
£
= 275
(8]
I i
S 250
O -
225 —
200 — T T T
0 40 80 120 160 200
Age, days

FIGURE VI. DEPENDENCE OF CONTACT TIME ON THE AGE
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FIGURE VII. DEPENDENCE OF MAXIMUM CONTACT FORCE ON THE
CONCRETE AGE

The concrete age dependence of the contact time and
maximum contact force are shown on Figures VI and VII,
respectively. It could be seen from these two figures that the
contact time decreases while the contact force increases with
the concrete age. The most significant changes occur at early
ages, before 28 days, after that the changes become less
significant. Comparing percentage values of the contact time
and contact force changes between 7 and 28 days, it could be
noted that the average contact time decreased by 27.72%,
whereas the average maximum contact force increased by
29.27%. This is related to concrete hardening. When concrete is
fresh, it possesses a certain viscosity, which reduces during
setting and hardening. At this stage impact time is the longest
and the contact force is the smallest due to the damping effect
and energy dissipation during the impact. However, after the
concrete has gained some strength, damping is reduced, and its
effect on the contact force and contact time becomes less
significant.

1Iv. CONCLUSIONS

The effect of concrete aging on the contact force and contact
time during the impact of an steel sphere upon a concrete beam
was considered. It was found that the contact force increases
with concrete age, while the contact time is decreases. The most
significant changes occur at the age before 28 days, after this
the process slows down. An average contact time at the age of

28 days is decreased by 27.72% comparing to its value at 7 days.

Average maximum contact force at 28 days increases by
29.27%, respectively. This phenomenon could be explained by
the reduction of damping effect and impact energy dissipation
with the concrete aging due to its hardening.
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