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ABSTRACT

Through the research, design datas are provided for the enhancing product performance and
competitiveness. In the paper, based on problems that exist in the construction of concrete mixing station,
actual conditions of Tengzhou city and research results in China United cement plant, concrete mixing
station’s overall structure is designed. And the structure’s harmonic response and dynamic properties are
analyzed based on its characteristics with HZS150 mixing station of steel structure as the carrier; the overall

structure is also optimized.
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1. INTRODUCTION

Along with increasing urbanization in China, as a
developing city, Tengzhou’s basic construction is
booming, which causes the great development of
concrete machinery [1]. Tengzhou is a third-tier
city which is rapidly developing, the demand for
concrete increases, and concrete mixing station and
concrete mixing building is becoming more and
more important. However, the city's concrete
mixing stations still face the issues of low technical
content, large regional difference and low quality.
Some products even have low production capacity,
low automation degree, low weighing precision and
poor environmental performance. On the other
hand, Tengzhou has a small economic scale; most
of manufacturers need equipments which feature
less investment, high degree of automation, high
mixing quality, high production capacity, high
weighing precision and continuous production[2,3].

2. ARCHITECTURE DESIGN OF HZS150
CONCRETE MIXING STATION

(1) Structure of main body

In this paper, HZS150 is the research object, it is
254 m high, symmetrical appearance is
emphasized, roof, upper bracket, batching, mixing
layer, middle layer and lower upright post are main
parts, the platform’s primary and secondary beams

are formed by welding. The main structure is
composed of upper frame, bent frame, " door"-
shape frame, belt conveyor, aggregate batching
device, mixing platform and ingredients platform,
its whole structure is shown in figurel[4,5].

Ingredient layer platform, belt conveyor and
bracket are in furnish layer platform, unloading
device collect aggregate, water, liquid admixture,
cement, coal according to certain proportion, and
then feed them into the mixer.

(3) Mixing layer platform

Concrete hopper is installed under mixing layer
platform, and a mixer (2000L) is installed in the
platform, the mixer has an unloading device, the
system’s main function is mixing concrete evenly.

3. ANALYSES

3.1 Harmonic response analysis

Harmonic response is continuous periodic
response in the whole system caused by mechanical
load. In this paper, the ANSYS method is used for
harmonic response analysis, namely, the responses
in the structure are determined in different
frequencies, responses are found in corresponding
frequency curve, peak values in the curves are
observed[6,11]. Harmonic loads in three directions
are respectively

X 1 Fx =2000sin(27x f)t (1)
Y : Fy =-3375sin(2z f )t (2)
Z :Fz =150sin(27z f )t (3)
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The values for the three directions are different,
but their frequencies are the same.

(1) In X direction, with harmonic load, the
displacement of column vertex and central node of
edge beam of mixing layer in X direction is the
research subject, the displacement of the nodes
under various frequencies is analyzed, as shown in
Figure2 and Figure 3 ( From figure 2- figure 8, X
axis represents frequency, y axis represents axial
displacement ).
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Figure 1: Design Of Overall Structure
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Figure 2: The Displacement Of Central Node Of Edge
Beam Of Mixing Layer In X Direction
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Figure 3: The Displacement Of Column Vertex In X
Direction

(2) In Y direction, with harmonic load, the
displacement of support node of mixer and central
node of mixing layer’s edge beam is the research
subject, and the displacement of the nodes under
various frequencies is also analyzed, as shown in
figure 4 and figure 5.

(3)In Z direction, with harmonic load, the
displacement of upper column top and central node
of mixing layer’s edge beam is studied, as shown in
figure 5 and figure 6.

Based on the analysis from figure 2 to figure 7, it
is found that: (1) Mixer’s vibration frequency is
proportional to response value, response curve rise
with large frequency, and response curve decrease
with small frequency, and the three kinds of loads
cause the same response. (2) The structure’s
vibration frequency shall be between 0.75 and 1.25,
when excitation frequency =2.1HZ, peak will
appear.
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Figure 4: The Displacement Of Central Node Of Mixing
Layer’s Edge Beam
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Figure 5: The Displacement Of Support Node Of Mixer
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Figure 6: The Displacement Of Central Node Of
Mixing Layer’s Edge Beam
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Figure 7: The Displacement Of Upper

3.2 Dynamic Performance Analysis

When there are harmonic load in all of the three
directions, no phase difference exist; when there is
harmonic load in one of the directions, the structure
has the same response. So the analysis of internal
force and deformation in peak should be conducted
when harmonic load exists in all of the three
directions.

(1)Characteristics of the distribution of internal
force: (see figure 8- figure 11)

In this paper the mixer’s harmonic load is
considered, the purpose of doing so is to reflect the
influence of dynamic load on components; the
features of internal force distribution are shown
from figure 8 to figure 11.
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Figure 8: Axial Force
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Figure 9: Diagram Of Axial Force
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Figurell: Diagram Of Being Moment (Mz)

Through the above analysis, it is found that lower
part of the structure is exposed to large impact; it is

due to force from mixing platform on dynamic load.

In Figure 12 and figure 13, positions of column 1,
column 2, column 3, and column 4 are shown.

(1) Based on the analysis, load of the lower part
of the structure in X and Z directions are non-
negative, then the column 2 would face axial
pressure from various directions, so the value of
axial force on column is the largest. Similarly,
various forces on the point will mutate.

(2) According to the above analysis, because
checkered plates are densely laid on the platform,
its overall rigidity is improved, so MHz can be
ignored. The maximum value of positive M appear
in main edge beam of anterior root, and the
maximum value of negative M appear in main edge
beam of posterior root; The maximum value of
positive bending moment appear in beam end near
column 2 and column 3, the maximum value of
negative bending moment appear in beam end near
column 1 and column 4, there is a inflection point
in the middle. The maximum positive axial force
appears in beam end near column near column 1
and column 4, the maximum negative axial force
appear in beam end between column 2 and column
3, there is inflection point in the middle[12]. In this
paper, only strength and stiffness are considered.

(3) Inclined brace, central and upper column: X
direction’s load makes one column’s oblique palm
bear pulling force, Z direction’s load makes another
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column’ oblique palm bear pressure, so behind
pressure is larger than the side pressure.

3.3 Optimization

According to the current situation of concrete
mixing stations in Tengzhou cit and the above
analysis, the optimization scheme is as follows.

(1) Structure model

Space tower structure is used as reference,
considering wind loads impact on space, in the
plane model, the upper part and the middle beams
are considered as a beam.

(2) Selection of section

When mixer is working, forces from X and Y
directions are not balanced, to ensure balance of
“door "-shape frame, inner forces are calculated
according to “well"-type beam, and section of main
beam within the platform is selected.

(3) Overall structure

In order to avoid the risk of resonance, dragon
door-shape frame is used to replace door-shape
frame, as long as concrete transport vehicles can
enter and leave smoothly.

4. CONCLUSION

Through the research, design data are provided
for the enhancement product performance and
competitiveness. In the paper, based on problems
exist in the construction of concrete mixing station,
actual conditions of Tengzhou city and research
results in  China United cement plant, mixing
station’s overall structure is designed. And the
structure’s  harmonic response and dynamic
properties are analyzed based on its characteristics
with HZS150 mixing station of steel structure as
the carrier; the overall structure is also optimized. It
is found that the structure has great application and
promotion value.
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