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Abstract: In active response to the national requirements of promoting green building materials and developing prefabricated
buildings, it is necessary to continuously optimize and reasonably employ relevant technologies. Autoclaved aerated concrete
block prefabricated multi-storey building technology is a new technology, which will not only effectively realize green
environmental protection in construction engineering, but also promote the further development of prefabricated buildings.
Therefore, this paper analyzes the autoclaved aerated concrete block prefabricated multi-storey building technology for future

references.
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1. Introduction

Prefabricated building is a type of building in which its building components are produced first and then
assembled on the construction site. Autoclaved aerated concrete block prefabricated multi-storey building
is one of the changes in prefabricated buildings, which can effectively save energy and resources, reduce
construction pollution, and improve production efficiency as well as the safety level. At the same time,
strengthening the integration between the production process and informatization along with
industrialization is conducive to cultivating new drivers for new industries and improving overcapacity. In
the past, autoclaved aerated concrete blocks have been used to build walls, but they are rarely used directly
in building construction. In order to effectively promote the concepts of openness, sharing, green, and
innovation, autoclaved aerated concrete blocks have been optimized and ensured that they adhere to
standardized design, production, construction, and decoration, so as to promote the transformation and
upgrading of the construction industry. Based on this, it is of great significance to analyze the autoclaved
aerated concrete block prefabricated multi-storey building technology.

2. Definition of autoclaved aerated concrete block prefabricated building

Autoclaved aerated concrete block prefabricated building refers to a residence built in the form of industrial
production; the wall limbs, roof panels, floors, and stairs are manufactured in the factory, and transported
to the construction site; they components are then connected to form a building.

3. Application situation of autoclaved aerated concrete block prefabricated building technology
Modern countries attach great importance to urbanization and the construction of “new countryside.” In
view of the actual situation, they have launched many favorable policies that can promote urbanization and
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the development of “new countryside,” thus improving the living standards of urban and rural residents.
However, for residential buildings in urban and rural areas, there are cases with low scientific and
technological content, short service life, poor construction quality, and low cost performance. The reason
for this situation is that advanced technology and high-quality materials are not applied in the construction
process, and there are no available professional personnel to give corresponding guidance. In addition, the
substandard quality of the construction team also contributes to this situation to a certain extent. In order to
effectively improve the adverse situation, it is necessary to apply advanced technology and use high-quality
materials in the construction process, employ highly professional staffs to carry out the construction work,
and effectively promote as well as apply new products, new technologies, and new materials, so as to
significantly improve the housing quality in urban and rural areas.

In line with the aforementioned strategy, applying autoclaved aerated concrete block prefabricated
multi-storey building technology to the construction process may be beneficial. However, there are
occurrences when the building materials used in the construction process do not conform to the application
needs of the building itself. Several conditions, such as the block size does not coordinate with the
construction module, the lower limit of the splitting tensile strength does not meet the requirement of the
crack in the wall, and the poor water content limit of the outlet kettle is not conducive to the prevention and
control work of the shrinkage crack in the wall, will result in the restriction of the application and
popularization of advanced technology '/,

In the process of urbanization and the continuous construction of “new countryside” in China, more
than 700 million square meters of houses still need to be built every year, in which the mode of industrial
production needs to be reasonably applied in this process. Therefore, it is necessary to actively promote the
application of autoclaved aerated concrete block prefabricated multi-storey building technology, so that the
development progress from block to wall, and to the whole building, thus realizing the development goal
of building a multi-storey building.

4. Reasonable application of autoclaved aerated concrete block prefabricated multi-storey building
technology

Practically speaking, for China’s construction industry, the autoclaved aerated concrete block fabricated
multi-storey building technology is still a new technology. Many construction teams are still unable to fully
grasp the material requirements and design requirements to a certain extent, which is not conducive to the
comprehensive application of this technology and does not ensure the safety as well as efficiency of the
construction process. Therefore, it is necessary to analyze the reasonable application of this technology as
well as clarify the relevant material requirements and design requirements, so as to improve the application
effect of this technology in the process of constructing a multi-storey building.

4.1. Material requirements

The strength of plates and blocks made of autoclaved aerated concrete should be at least A3.5, the
coefficient of variation should be controlled within 0.10 or below, the corresponding split pressure ratio
should conform to the “Uniform Technical Code for the Application of Wall Materials,” and the height of
blocks should be above 240 mm.

Autoclaved aerated concrete reinforced plate should be adopted for floor slab and roof slab, the
reinforcement in it should be reinforced with good holding and wrapping force, and the ductility of the
reinforcement itself should be adequate.

The thin mortar joint masonry adhesive should be reasonably applied to the mortar, and the wall should
be treated in the form of thin plastering. If conditions permit, it is best to use mechanized spraying. In the
process of building the autoclaved aerated concrete block exterior wall, the thermal conductivity of the
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special thermal insulation mortar used should be kept at 0.18 w/(mK) or below, so as to ensure that the
block would have a good matching thermal performance effect with the mortar, which is conducive to
improving the thermal insulation effect of the wall and further optimizing the energy-saving design.
Although the thickness of mortar joint should be 10 mm or less in the design work, the theoretical
calculation value can be directly applied in the thermal calculation; that is, the correction coefficient of
thermal conductivity and heat storage coefficient does not have to be multiplied by 1.25 (2. The stairs and
other accessories should also be effectively prefabricated.

4.2. Design requirements

The design work should be carried out by a special design organization. The personnel involved in the
design work are required to be able to effectively apply the relevant knowledge of architectural design and
structural design, as well as master the characteristics of autoclaved aerated concrete products, so as to meet
the following requirements: (1) design requirements; (2) planning requirements; (3) harmonious
environment; (4) comfortable and practical; (5) beautiful personality. In the process of design, the scheme
design and preliminary design should be carried out first, followed by the design of construction drawings,
wall limb splitting, and block type splitting. At the same time, information data should be transmitted in
time with the help of information technology.

Based on the drawings and with the help of Building Information Modeling (BIM) technology, special

technical staffs can then split the wall limb. In the splitting process, the size of the wall limb should be
based on the size of autoclaved aerated concrete block. At the same time, it is necessary to take into account
the wall stress requirements, the number of wall pieces, the performance of walling machine, transportation,
and hoisting, as well as other aspects. The shape of reinforcement, structural column, tie beam, and other
components may have some impact on it. Therefore, when constructing a series diagram of wall limb, the
wall limb should be reasonably divided into different block types using BIM. Different numbers can be
used to represent the block types, which can then be counted into a table and uniformly transmitted to the
processing section of special-shaped blocks. The processing work can be carried out according to this.
In the construction process, the autoclaved aerated concrete block wall-laying machine should also be used
reasonably. This equipment has many functions, such as data identification, automatic setting out, and
automatic block setting out. It can also spray the binder automatically and carry out cutting work when
necessary. It is very suitable for masonry work 1,

The logistics system should be advanced and maintained professionally. The assembly team is
responsible for arranging logistics and transportation equipment to ensure that the transportation of all
components is in an ideal state.

As for the construction team on the construction site, they should maintain a high level of professional
skills. They should assemble and splice the wall pieces or other components transported to the construction
site according to the design and construction requirements in a timely and effective manner.

Autoclaved aerated concrete reinforced slab can be used as floor or roof slab. It is better to use
prestressed vierendeel laminated slab. The reason is that this type of slab does not only have the
characteristic of high rationality of slab type, but also have superior cost performance and overall strong
bearing capacity in view of the high strength prestressed steel rod applied in it. As it has a vierendeel part,
water, electricity, heating, and other pipelines can cross it, thus greatly saving the construction space.

A wall panel installation machine can be used to assemble the partition wall of the indoor part. The
wall panel installation machine is not only used for wall panel installation, but also serves as a movable
construction platform for high-altitude operation, which is conducive to improving the construction
efficiency. At present, the wall panel installation machine can be widely used in the installation of wall
panels with different structures, in which the application effect is good 4],
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Scientific and reasonable construction standards and methods are important bases for maintaining the
safety and effectiveness of the construction process of prefabricated buildings. Therefore, it is necessary to
reasonably prepare relevant standards and methods as well as submit them in time for approval. After
approval, they should be fully implemented in the construction process.

On the whole, the application of autoclaved aerated concrete block prefabricated multi-storey building
technology requires that all masonry walls and components in all aspects should be transported to the
construction site first, and the on-site hoisting work should be reasonably carried out with machineries. At
the same time, local pouring should be fully cooperated to ensure effective connection of fasteners, so as
to complete the construction of multi-storey buildings.

5. Conclusion

Autoclaved aerated concrete block prefabricated multi-storey building technology is a new technology
vigorously promoted by contemporary departments. It is also the basis for the effective development of the
autoclaved aerated concrete market. At the same time, it has grown into an opportunity to effectively change
the ideas of building construction. In the application of this technology, it is important to pay attention to
meeting the material requirements and design requirements, adopt scientific and reasonable construction
measures, as well as use corresponding mechanical equipment to realize the effective construction of
prefabricated buildings, which is conducive to improving economic and social benefits.
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Abstract: Wangjinzhuang in Shexian County, which has a long history, is a representative of the traditional settlements in
Taihang Mountains. Through the in-depth study of the morphological characteristics of Wangjinzhuang settlement, this paper
fully excavates its value as a traditional settlement. The overall pattern of the settlement form is complete, showing a linear
layout form; the road system is graded, and the structure is clear; the spatial form shows a combination of points, lines, and
planes; public buildings are distributed in an orderly manner, with clear functions, and they have a high degree of research

value.
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1. Overview of the settlement

Wangjinzhuang, which belongs to Jingdian Town, is located deep in the mountains of Taihang,
approximately five kilometers away from Shexian County. The village has five administrative villages with
4,417 people. After the 1950s, through the efforts of the villagers, the entire village has been
comprehensively managed, making the current Wangjinzhuang seemingly brand new.

Wangjinzhuang settlement gradually developed and expanded, but the construction of the village
improved after the development of Qing Dynasty. Its streets, ancestral halls, temples, and residential
buildings, all formed a system; its residential buildings also had a fixed pattern. The development and
expansion at that time were planned, so the whole layout and spatial texture of the settlement remained the
same.

The connection between residential buildings and public buildings in Wangjinzhuang settlement is
mainly the utilization of streets and public spaces. Public buildings are reasonably distributed in the
settlement and assume corresponding functions, while residential buildings are enriched in the settlement
under the framework of the road system and the distribution of public buildings, which together constitute
the entire settlement, as shown in Figure 1.
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Figure 1. Wangjinzhuang settlement

On the north side of the main street, the buildings are densely distributed with abundant sunshine and
a stone-slab street with unique space. Wangjinzhuang settlement gradually developed and expanded. The
buildings are covered with mountains on both sides of the valley. The continuous extension to both ends of
the main street will cause a deviation from the center, which is not easy to manage. Therefore, the linear
layout of Wangjinzhuang is divided into five sections.

2. The street space of Wangjinzhuang settlement

2.1. The evolution of its street space

In the changes of settlements, the traces of time are preserved in the spatial morphological characteristics

of the settlements 1. There are two modes of evolution of streets and alleys: (1) streets first, and then houses;
streets are formed through the comprehensive effect of rational order and feng shui principles; (2) houses

first, and then streets; this is formed through the development of natural geographical environment.

Wangjinzhuang neither follows the evolution mode of streets and alleys followed by houses, nor the

evolution mode of houses followed by streets and alleys, but with the increase of residential buildings, it is

naturally enclosed and has both spirits of rationality and irrationality.

The buildings on both sides of the main street are the first level of the settlement (Figure 2). As the
population grew, the scale of the settlement expanded. The lanes extended to both sides and the buildings
on both sides form the second level of the settlement (Figure 3). The architectural style, material, and
structure of the roads on the first level are relatively uniform, whereas the roadways extending upward on
the second level are more diversified, with different lengths, twists, and turns. After long-term development
and evolution, the road network of the current Wangjinzhuang settlement is formed. Wangjinzhuang’s road
classification is shown in Figure 4.
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Figure 2. First-level street Figure 3. Second-level roadway

weee  First level

== Second level

Figure 4. Wangjinzhuang’s road classification

2.2. Spatial composition of its streets

The road system of Wangjinzhuang settlement consists of two levels. The first level is the main street that
runs through the east and west of the settlement. The road is wide enough for motor vehicles to travel. The
second level comprise of lanes connecting the main street and the buildings, leading to buildings on both
sides of the main street. These dense lanes are organically cross-connected with the main street, forming
the road network of the entire village.

The main street is 3.5-5 meters wide, with a height-to-width ratio of 1:3-1:2. This is related to the
location and topography of the settlement. The main street runs through the entire settlement in the east-
west direction, winding along the mountain, forming the horizontal axis of the settlement, and dividing it
into two parts: north and south.

The roadways connect the courtyards and the main street. Streets and alleys are the traffic space for the
residents, and they are also the stage of life 2], Their multiple functions ensue a changing and orderly form.
The roadways in Wangjinzhuang can be divided into two types: traffic roadways and living roadways.
Traffic roadways meet the daily traffic use of villagers, while living roadways directly connect courtyard
spaces and can be used as public spaces. Most of the traffic lanes are relatively narrow, with width of less
than 1 meter. The living roadways are access roadways for the villagers, in which the height-width ratio is
relatively comfortable, and the interface is flexible and rich.
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2.3. Space nodes of its streets and alleys

The streets and alleys of Wangjinzhuang settlement are neatly distributed, forming a fishbone-shaped street

and road system. The spatial nodes of its roads include intersections of streets and alleys, courtyard entrance

spaces, and public square spaces.

(1) Street intersection space
Streets and alleys are not simple straight lines, but the intersection of multiple lines, thus forming a
multilevel road network system. The intersection of streets and alleys generate nodes. The intersection
nodes of streets and alleys in Wangjinzhuang have three forms: T-shaped, Y-shaped, and intersections,
among which T-shaped intersections are the main ones. Wangjinzhuang settlement is undulating and has
distinct layers. Based on the three types of intersections, various types of intersection nodes with height
differences are formed.

(2) Courtyard entrance space
The main constituent element of the settlement is the courtyard space, and the entrance of the courtyard
becomes the transition space connecting the inside and outside of the courtyard B!, The courtyard
entrance space belongs to the street and alley, but it also belongs to the courtyard. Therefore, it has a dual
nature of being public and private. When the entrance space of the courtyard is used as a public space, it
is the main place for villagers to come together. Gathering in front of the door is one of the leisure
activities of the villagers. The front part of the courtyard also provides a place for recreation.

(3) Public space
Based on the village records, the original development point of Wangjinzhuang was the Liu Family
Courtyard (including the South Courtyard and the North Courtyard). It is the main activity place of the
villagers. In settlements, most of the places for people to take part in social activities appear with the
formation of public buildings, such as ancestral halls, temples, and theaters. Most of the public spaces in
settlements are naturally formed. They are mostly open spaces in front of iconic buildings and are shaped
irregularly, with relatively random spatial layout. The ancestral hall of Wangjinzhuang is located at the
center of the settlement, and it is an important space for people to come together. After long-term
development and planning, the open space in front of the ancestral hall has become more regular in shape,
forming a small rectangular space.

3. The spatial form of Wangjinzhuang settlement

Wangjinzhuang is surrounded by mountains. There are artificial forests and wild forests on the surrounding
hillsides. The natural ecology is relatively intact. Walking in it is like walking in a “green world.” Vibrant
residential buildings can be seen in this greenery; the terraced fields integrated with the mountains are
scattered, and the crops are colorful, changing along with the four seasons.

3.1. Point-shaped space

Point-shaped space is the basic element that constitutes the settlement space. Point-shaped space includes
circles, triangles, squares, polygons, and irregular shapes. The point-shaped space here refers to landscape
elements, such as stone towers and water wells, in Wangjinzhuang settlement and the elements formed by
them.

3.2. Linear-shaped space

Linear-shaped space mainly refers to the layout structure of streets and alleys. The terrain of the settlement
is complex, and the heights are scattered. Therefore, the shape of the streets and alleys also twists and turns
according to the terrain, extending from the main street to both sides and forming a fishbone-like network
structure. The main street is the widest in the settlement. The trend of the street is parallel to the contour
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line. Alleys are generally distributed perpendicular to each other and function to connect residential areas
and the main street.

The features of linear-shaped space in Wangjinzhuang are as follows: the scale and height-width ratio
of streets and alleys of different grades have different spatial characteristics; the turning point is large,
which makes people look forward to the scenery after that.

3.3. Plane-shaped space

Plane-shaped space is an important modeling element in settlement space, which includes regular polygon
and irregular polygon *l. The plane-shaped space in Wangjinzhuang settlement is generally a public open
space, including the village entrance square, the open space enclosed by the ancestral hall, the Liu family
compound, and the square in front of the theater.

4. Analysis of the public buildings in Wangjinzhuang settlement
Residential buildings in settlements are living spaces for families, while public buildings are public spaces
for collective activities, which are important parts of the settlement space. The public buildings in
Wangjinzhuang provide residents with space for different purposes and play an irreplaceable role in their
lives. Public buildings of different natures have different architectural features, enriching the overall pattern
of the settlement.

The most typical public buildings in Wangjinzhuang are the ancestral hall, the stage, and the temple.
These buildings provide an irreplaceable public place for social interaction in isolated and closed villages.
They are also a concentrated reflection of local folk customs, architectural techniques, and artistic levels.

5. Conclusion

The composition of the settlement not only contains the physical environment, but also the material carrier
of the residents’ social life. The residential houses, streets, and public buildings in a settlement are the key
elements that make up the order of the settlement, and they directly affect the morphological layout of the
settlement. The linear overall layout structure of Wangjinzhuang creates a fishbone-shaped street system
and a spatial structure combining points, lines, and planes. With its superior location along with rich
historical and cultural resources, Wangjinzhuang has gradually formed a unique settlement.
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nanomaterials and puts forward specific measures for the application of nanomaterials on the basis of further exploring the
working principle of nanomaterials in subgrade and pavement, so as to promote the further development of subgrade and
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1. Introduction

In the course of urbanization, the smooth operation of transportation network is critical to the overall
construction of the city. In order to ensure that urban traffic operates smoothly, it is imperative to optimize
the construction of subgrade and pavement in a comprehensive manner ['l. It has been found that the
application of nanomaterials greatly improves the quality of subgrade and pavement. Therefore,
nanomaterials should be used aggressively in the daily construction of roads, so as to effectively promote
the development of road construction.

2. Nanomaterials and their properties

Nanomaterials refer to materials in which at least one of its characteristic dimensions in its three-
dimensional space is in the nano scale range or composing of nano scale range internal structures as basic
structural units. In view of its special structure along with its special physical and chemical properties, this
material is widely used in various fields, including medical, engineering, and military fields. The research
and development of new high-performance nanomaterials are usually carried out in the nano spatial scale.
By naturally changing the arrangement order of material atoms and molecules, they have the characteristics
of nanomaterials. Nanoparticles have many properties: chemical, magnetic, electrical, optical, thermal, and
mechanical. They are completely different from macro objects, single independent atoms, or molecules.
The special properties of nanoparticles dictate their unique nano effects 2!, In general, nanomaterials may
be more suitable for various industries compared to other materials because of their unique essential
characteristics. Nanomaterials have five basic characteristics. Their nano effects can be manifested as
small-size effect, surface effect, quantum size effect, macro quantum tunnel effect, and dielectric
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confinement effect. Based on the unique characteristics and effects, nanomaterials can be used in aircraft
shielding, sensors, UV absorption, and many other industries. In subgrade and pavement construction, nano
materials can be effectively applied to soft soil solidification and asphalt optimization to improve the
firmness of subgrade and optimize pavement construction.

3. Application principles of nanomaterials in subgrade

The application of nanomaterials in subgrade is mainly reflected in the solidification treatment of soft,
muddy soil. Since the construction quality of subgrade affects road stability, its soil needs to be fully
strengthened in the construction process. Therefore, using nanomaterials for the construction of soft, muddy
soil roadbed is an effective optimization measure to improve the strength of subgrade. During the
solidification of soft, muddy soil, the construction personnel has to mix and stir the cement mixture, soft
muddy soil, water, nano silica powder, nano alumina, and other materials in specific proportions, so as to
obtain high-strength cement-solidified soil, thus providing high-quality material foundation for the
improvement of subgrade stability . The history of cement-solidified soil development is explored. The
traditional way of obtaining high-strength cement-solidified soil is to increase the strength of the solidified
soil by adding a high dose of cement to soft soil by increasing the proportion of cement. However, the final
cement-solidified soil obtained under such working conditions will crack the roadbed in the application
process; in addition, the cost of solidified soil mixed with high dose of cement is high, thus reducing the
economic benefit of subgrade construction. With the continuous development of science and technology,
the quality of high-strength cement-solidified soil has improved in recent years. Through the efforts of
researchers and experiments in recent years, it has been found that the addition of nano silica powder, nano
aluminum oxide, and other materials to cement-based materials in specific proportions promotes better
cement hydration reaction, and subsequently forms a more stable microstructure at the interface between
cement stone and aggregate. At the same time, when the cement-based structure is constructed with the
addition of nano materials, the micropores in the structure can be fully filled. In short, under the mixing
action of nano materials, the production quality of cement-solidified soil and the effect of construction with
related structures can be well guaranteed; the overall quality, strength, and properties of subgrade
construction materials can also be improved to a great extent.

4. Specific applications of nanomaterials in pavement

4.1. Nano-modified asphalt

Nano-modified asphalt modifier includes nano calcium carbonate, nano ferric oxide, nano-layered silicate,
and other chemical agents. This kind of modifier can improve the performance of asphalt by directly adding
asphalt in proportion, so as to promote the quality of asphalt pavement construction. In addition to the above
modifiers, nano titanium dioxide is a better asphalt modifier. Based on research at home and abroad, nano
titanium dioxide, as a modifier, improves the rutting resistance of asphalt pavement through the mixing
process with asphalt. At the same time, if nano titanium dioxide modifier is mixed with asphalt materials
in a reasonable proportion, the construction of pavement using this kind of modified asphalt will give rise
to higher fatigue strength. It can be seen that the addition of nano carbon dioxide can increase the hardness
and viscosity of modified asphalt, which helps to promote the optimization of subgrade and pavement
construction. In terms of the optimization effect of nano calcium carbonate modifier, it can be appreciated
from experiments that the use of nano calcium carbonate can improve the softening point of asphalt; in
addition, the penetration of asphalt will decrease with the use of nano calcium carbonate. Overall, the
stability of asphalt materials improves under the action of nano calcium carbonate. The effect of nano-
layered silicate modifier on the properties of asphalt materials is analyzed. The addition of this kind of
modifier can alleviate certain problems, including aging, flow deformation, and use damage. In addition,
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the use of nano-layered silicate can improve the high-temperature elasticity of asphalt mixture and the
pavement’s rutting resistance. In general, the mixing of different kinds of modifiers with asphalt plays
different roles, so as to improve and enhance the basic properties of asphalt, and subsequently improve the
service quality of pavements.

4.2. Nanomaterial composite modified asphalt

In addition to the aforementioned modifiers, composite modified asphalt needs to rely on nanomaterials
and polymer modifiers to optimize its asphalt index. As modifiers often change the properties of asphalt
through physical or chemical reactions with asphalt, composite modifiers mainly include nano zinc oxide,
nano-layered sodium silicate, carbon nanotubes, and other related composite modifiers. Specifically, the
use of carbon nanotube composite modifier can change the penetration, softening point, viscosity, and other
parameters of asphalt. Relevant asphalt hardness indexes can be improved with the use of carbon nanotubes.
Under the influence of carbon nanotubes, the overall anti-rutting factor and phase angle of asphalt mixture
will change favorably. Therefore, the overall performance of composite modified asphalt has been fully
optimized, and the quality of pavement construction with this type of asphalt as the main material will also
improve significantly. With the use of nano zinc oxide, the stability and aging resistance of asphalt can be
fully optimized. Combined with the relevant data parameters of the experimental research results, the use
of nano zinc oxide can enhance the bonding strength between the composite modifier and asphalt. The
toughness and ductility of composite modified asphalt will be strengthened to a certain extent under the
influence of nano zinc oxide. In addition, the use of other nanomaterials can also effectively promote the
stability of composite asphalt. The rational use of various composite modifiers can improve the overall
performance of asphalt mixture. On the premise that the structural stability, toughness, and overall strength
of asphalt materials are strengthened with the aid of modifiers, the effect of pavement construction will
naturally be optimized.

4.3. Other applications of nano modified asphalt

On the premise that the above two types of nano modifiers can actively contribute to improving the quality
of asphalt, employees and researchers should also actively explore new channels for the use of
nanomaterials, so as to make the construction of pavements more efficient. As far as the research results at
this stage are concerned, researchers have made advanced achievements in the use of nano titanium dioxide.
In conjunction with China’s strategic goals for sustainable development and the properties of titanium
dioxide, the use of nano titanium dioxide has the potential to ease some of China’s existing ecological and
environmental issues. Based on experimental research results, nano titanium dioxide has a certain
photocatalytic effect. At the same time, it has its own cleaning characteristics, thus effectively purifying
the air and improving the air quality. It can be seen that the use of nano titanium dioxide in asphalt mixture
can improve the environmental protection of roads in subsequent pavement construction. The use of nano
titanium dioxide materials is studied in conjunction with pavement construction. The use of nano titanium
dioxide materials can also optimize the degradation effect of roads on automobile exhaust. In short, with
the assistance of nano materials, the use of modified asphalt can further enhance the advantages that
traditional asphalt lacks. Under the favorable influence of nano modifiers, the quality and efficiency of
pavement construction will be improved. Through the application of nanomaterials, not only will the
stability of subgrade and pavement be fully guaranteed, but other functions of the pavement will also be
optimized and expanded, thus improving the city’s road safety.

5. Conclusion
Based on the analysis above, it is clear that using nanomaterials to optimize the construction of subgrade
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and pavement in the optimization process of road construction is an important commission. Nanomaterials
can be used to achieve not only an environmentally friendly development of pavement construction, but
also to lower the cost of related construction work and greatly improve the durability of subgrade and
pavement. In order to support the growth of subgrade and pavement construction, it is indispensable to
improve the application efficiency and effect of nanomaterials in subgrade and pavement.
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1. Introduction

The construction of permeable pavement has many benefits, among which the most noticeable are the
reduction of ponding on road surface, night reflection prevention, vehicle noise reduction, surface
temperature and humidity adjustment, as well as the alleviation of urban heat island effect. In order to
improve the construction quality of permeable pavement, employees should actively take optimization
measures to improve the paving efficiency in a comprehensive manner and contribute to urban road safety
as well as optimal construction.

2. Properties of permeable paving materials
2.1. Relationship between strength and porosity
In the process of exploring the properties of breathable water-based paving materials, workers must fully
comprehend the relationship between strength and porosity. Based on the analysis of several results, the
strength of various permeable paving materials is related to their porosity. On the whole, the relationship
between porosity and material strength shows an inverse relationship; that is, the lower the porosity, the
higher the strength of the material. However, in regard to the influence of the actual value of material
porosity, unreasonably low porosity will affect the material’s water permeability. Therefore, in the
application of paving materials for pavement construction, relevant personnel need to fully understand the
construction requirements, the porosity and permeability of the materials, and other related factors, so as to
select appropriate paving materials that have high adaptability for pavement construction.

Specifically, different types of permeable paving materials have different strengths. Taking permeable
asphalt mixture, permeable cement concrete, and permeable pavement bricks as examples, pervious asphalt
mixture itself has high porosity, which means that the shear strength of the material is relatively low. This
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property makes it difficult for the pervious pavement constructed with pervious asphalt mixture as the
primary material to maintain its integrity when enduring sharp turns or brakes by heavy-duty vehicles.
Permeable asphalt mixture is not suitable for heavy-duty vehicle traffic roads. On the other hand, permeable
cement concrete has relatively more pores, and its tensile strength is lower than that of ordinary concrete in
the process of pavement laying. From the analysis of specific index values, the porosity of permeable
cement concrete is between 15% and 30%, its 28-day compressive strength is about 10 to 20 MPa, and its
flexural strength is in the range of 2.5 to 4 MPa. The strength of permeable pavement bricks is affected by
the manufacturing process; moreover, different types of permeable pavement bricks have great differences
in strength. The overall strength of concrete permeable pavement bricks is low, whereas porous concrete
permeable pavement bricks can reach a high level of strength with the support of good manufacturing
technology.

2.2. Weather resistance

In addition to pavement strength and water permeability, permeable pavement also needs to have good
stability to ensure that the pavement can ensure road safety in case of bad weather. In the context of
permeable pavement, weather resistance can be reflected from two angles: temperature and precipitation.

While planning the use of permeable materials based on temperature, it is important to note that
permeable pavements are more prone to frost heave effect than ordinary roads in low temperature 2!, From
the aspect of essential difference, ordinary permeable pavement bricks will be damaged due to their low
density, strength, and frost resistance, which will lead to the destruction of pavement integrity and
eventually jeopardizing the safety of users. For permeable asphalt mixture, low temperature will cause it to
crack. In contrast, permeable cement concrete ensures the connection between the interior and the outside
of the pavement at low temperature with the support of high porosity. Therefore, even if the moisture
contained in the pavement is frost heaved due to low temperature, it will not leave much impact to the
pavement. In general, the use of permeable cement concrete materials has more advantages in low
temperature resistance. Under high temperature, permeable asphalt mixture will expand due to its poor
stability. Therefore, the use of permeable asphalt mixture is not conducive to ensuring the stability of
pavement under high temperature. The performances of permeable cement concrete and permeable
pavement bricks do not easily change under high temperature conditions. Therefore, in the context of a high
temperature weather, the construction personnel should select either permeable cement concrete or
permeable pavement bricks for pavement construction according to the construction needs.

When selecting materials to be used for pavement construction in combination with precipitation,
relevant personnel should select materials that have less impact from environmental humidity. Specifically,
when permeable cement concrete is exposed to an environment with high humidity, its strength will not be
greatly affected, and even in the later stage, the high humidity will help to improve its efficiency. In the
application of permeable asphalt mixture, high-intensity precipitation or high environmental humidity will
affect the viscosity of asphalt materials, resulting in pavement problems. When paving in areas with large
precipitation or high environmental humidity, workers should give priority to permeable cement concrete
materials for construction.

3. Application of permeable paving materials in practical engineering

3.1. Permeable asphalt mixture

From the discussion above, the exploration and research on the practical application of permeable paving
materials reveal that permeable asphalt mixture plays an important role in pavement construction. Based
on the consideration of the properties of permeable asphalt mixture, the analysis shows that this kind of
paving material is suitable for the construction of the wear layer. With this material, the wear resistance
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and drainage performance of pavement can be fully guaranteed.

Based on research results and previous excellent construction experiences of high-speed permeable
asphalt pavement, permeable asphalt mixture can realize the optimization of pavement drainage and noise
reduction by virtue of its properties: a large amount of single particle and coarse aggregate as well as a
relatively small amount of fine aggregate and filler. In actual pavement laying, the proportion of coarse
aggregate and mineral aggregate in permeable asphalt mixture should be controlled between 10 and 15 mm;
controlling the gravel thickness within the range of 5 to 10 mm will ensure the pavement quality to a certain
extent. In addition, in order to further strengthen the overall rutting resistance, water damage resistance,
and leakage resistance of the pavement paved with permeable asphalt mixture, the constructors should also
add nitrate lime and mineral fiber in the paving process to improve the performance of the pavement
materials.

3.2. Permeable cement concrete

Permeable cement concrete, commonly known as sand-free macroporous concrete, is a type of macroporous
concrete. While using coarse aggregates of a single particle size, it is necessary to strictly control the amount
of cement slurry, so that it can reasonably cover the surface of the coarse aggregates without flowing and
filling the gaps between them, so as to form large permeable gaps between coarse aggregate particles.
Permeable cement concrete does not usually require any sand, but a small amount of sand can be added to
improve the strength of the material. Permeable cement concrete can be used for permeable pavements of
motor vehicle lanes, non-motor vehicle lanes, and parking lots 1. As an example, permeable concrete
pavement is used in the Nanbei Changjie urban road project in Beijing, and each cubic meter of raw material
and dosage is 300 kg of 42.5 ordinary silicate cement and 1,400 kg of 10 to 20 and 5 to 10 mm single-grain
gravel. It is necessary to strictly control the content of needle-flake particles without adding fine aggregates
and to mix a certain proportion of powder binder as well as antifreeze agent for construction during winter.
The water consumption is 67 kg. According to the measurement, the permeable cement concrete of the
project has a 28-day compressive strength of 15.3 MPa, flexural strength of 3.0 MPa, porosity of 21.5%,
and permeability coefficient of 1.9 cm/s; it has high strength and good permeability effect.

3.3. Permeable pavement bricks
The types of permeable pavement bricks that are mainly involved in the material laying process of
permeable pavements include concrete permeable pavement bricks, natural sand permeable pavement
bricks, and ceramic permeable pavement bricks. Different permeable pavement bricks have different roles
in the laying process. Therefore, during permeable pavement construction, the selection of pavement
materials should be in consideration of the construction requirements and the characteristics of permeable
pavement bricks. Beginning from the analysis of the actual engineering application, the frequency of using
concrete permeable pavement bricks and porous concrete permeable pavement bricks is relatively high.
Although these two types of permeable pavement bricks involve concrete, there are vast differences in the
manufacturing process. The difference between the completed products is mainly reflected in the permeable
pores. As there are differences in the manufacturing process, the permeable pores of the two materials are
different; the permeable pores of concrete permeable pavement bricks are formed by reserving channel
holes in the brick manufacturing process; however, the pores formed in porous concrete pervious pavement
bricks are completed in the mixing stage of raw materials, and because the pores of porous concrete
pervious pavement bricks are formed under the action of a gas generating agent, the pore size of the
completed product is relatively smaller, and the pore distribution is more uniform with a certain continuity.
In general, it is necessary to pay attention to a reasonable selection of permeable pavement bricks in
the process of application. With the scientific application of permeable pavement bricks, the water
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permeability of the pavement will be improved, so as to effectively convert precipitation into groundwater.
At the same time, the use of permeable pavement bricks can improve the flatness of permeable pavements,
thus benefitting the current urban construction and development.

4. Conclusion

Through an in-depth analysis of research contents, it is clear that in the process of urban road construction,
it is imperative to strengthen the construction of permeable pavements. In order to achieve high-quality
results in the construction of permeable pavements, relevant personnel should select and use appropriate
permeable paving materials for the construction of roads. In the construction process, it is important for
relevant personnel to fully understand the characteristics of permeable paving materials, so as to carry out
scientific and reasonable application according to the characteristics of materials.
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1. Introduction

The development level of water conservancy construction largely determines the national economic
development level, especially the development of the agricultural industry. The construction quality of
water conservancy projects has a significant impact on the grain output and agricultural income. However,
from the analysis of the current situation of small-scale rural water conservancy projects in China in recent
years, seepage problems often occur, bringing huge loss to rural areas. In addition, due to the limitation of
agricultural conditions, the difficulty in anti-seepage construction is doubled. Therefore, it is crucial to carry
out further research on anti-seepage technologies and ensure the steady improvement of the construction
quality of water conservancy projects through the scientific application of relevant technologies. Upon
analyzing the quality issues of small-scale rural water conservancy projects in China, several scholars have
found that the main reasons for seepage in these projects are insufficient investment funds, poor geological
conditions, harsh environment, and insufficient or late maintenance ). In order to solve these problems
efficiently, the causes of the problems should be deeply considered prior to adopting anti-seepage
technologies, so as to realize the stable improvement of the quality of these water conservancy projects and
ensure an increase in agricultural production as well as the safety of people’s life and property.

2. Significance of strengthening the research and application of anti-seepage technologies in small-
scale rural water conservancy projects

Small-scale water conservancy projects in rural areas function for flood and disaster prevention, agricultural
irrigation, and as a guarantee for water supply. Therefore, the construction of small-scale rural water
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conservancy projects has been increasing in various regions around the country. Through the application
of relevant anti-seepage technologies, the quality of these projects has been improving; the stability of water
storage and water transmission is now guaranteed; the level of agricultural irrigation and the quality of
water supply to the people have shown improvement 2l In the construction of small-scale rural water
conservancy projects, scientific design must be carried out in line with the geological structure and
topographic conditions of the site as well as supplemented by the application of scientific and effective
anti-seepage technologies, so as to ensure that the project structure remains functional, and thus ensure the
safety and stability of the operation.

3. Key anti-seepage technologies in the construction of small-scale rural water conservancy projects
With the gradual increase of water conservancy projects, the requirements for quality engineering
construction are higher. Under this background, various anti-seepage technologies have emerged one after
another. Several key anti-seepage technologies are briefly introduced in the following sections.

3.1. Split grouting technology
The split grouting technology of earthen dam body splits the dam body along its axis according to its stress
distribution law. A certain amount of mud is poured to form a vertical anti-seepage wall, so as to ensure the

quality of the dam body and improve its stability (>,

3.2. Chemical reinforcement treatment technology

Chemical reinforcement treatment technology is a common anti-seepage technology in the construction of
small-scale rural water conservancy projects. In the application of this technology, the leakage from the
dam body is repaired with high-performance epoxy mortar to stop the loss in time. However, in the
application of this technology, it is important to pay attention to the cleaning of sundries on the concrete
surface and to reduce the soil content in the concrete. After the epoxy mortar is filled, the wood board
should be used for compaction to assure the technology’s application effect [,

3.3. High pressure jet grouting technology

High pressure jet grouting technology involves the use of a high-pressure equipment to spray the slurry
until it leaks out, so as to realize the rapid integration of cement slurry leakage and bottom soil irrigation as
well as form a wall like consolidated body, thus achieving a better leakage treatment effect [71.

The process flow of high-pressure jet grouting is shown in Figure 1.

Hole forming |—> Equipment —> Lowerthe |—> Slurry preparation
and installation and spray bar \l/
inclinometer commissioning
Hole sealing and <] Jet grouting
backfilling

Figure 1. Process flow of high-pressure jet grouting technology

3.4. Controlled grouting technology

Controlled grouting technology is a new anti-seepage technology in water conservancy and hydropower
projects. Based on the optimization and adjustment of traditional grouting technology, this technology
realizes the reasonable control of slurry pressure and flow, ensures the effective control of grouting scope
and quality, as well as greatly saves the construction progress and cost of hydraulic engineering.
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3.5. Asphalt concrete anti-seepage technology

Asphalt concrete technology is mainly used in water conservancy projects that are carried out in cold areas,
especially in North China. Its main advantage lies in the high durability and stability of asphalt concrete
materials %), In the application of this technology, asphalt material is first heated at a high temperature and
then injected into the dam body and channels that leak easily, so as to lay a solid foundation for the high-
quality construction of small-scale water conservancy projects in countryside as well as improve the service
life and performance of water conservancy projects.

3.6. Membrane material anti-seepage technology

The application of membrane material anti-seepage technology mainly involves adding protective layers
onto civil engineering molds or plastic films in the construction of water conservancy projects, so as to
ensure the rationality of irrigation and reduce the risk of seepage [1%-1?!,

4. Application of high-pressure jet grouting technology in the construction of small-scale rural water
conservancy projects

The geological site conditions of a small-scale rural water conservancy project are as follows: the soil layer
41.5 m above the dam body has miscellaneous fill, silty paste, medium fine and coarse sand layers, as well
as silty clay layer; the depth of the grayish yellow medium fine sand layer ranges from 41.5 to 44.8 m, with
a small amount of gravel with a diameter of 11~29 mm locally; the survey area 44.8 m below is clay,
containing a small amount of ginger like calcium core, and the stable groundwater level is -3.9 m. From the
geological survey, the geological conditions of the site are complex, and the issues that require attention in
the construction are quicksand control and seepage control.

4.1. Process parameters and equipment selection

The process parameters and curtain effect of the high-pressure jet waterstop curtain are limited by the
performance of the sprinkler irrigation machinery 341, Therefore, in order to ensure the construction
quality, the design parameters of the project are as follows: water pressure is 36-40 MPa; flow 1s 70 L/min;
slurry pressure is 0.5 MPa; air pressure is 0.6~0.8 MPa; air flow is 1 m?*/min; lifting speed is 10~15 cm/min;
the rotary speed and swing speed of the rotary jet are designed to be 0.8 times of the lifting speed (Table
1). The equipment mainly includes 3 drilling rigs (DP-100 Rotary Drilling Rig); 3 sets of drilling equipment
(50 mm); 2 high-pressure jet trucks (CYP-90); 2 high-pressure mud pumps (50 MPa); 2 air compressors
(60 m?); 3 mud pumps (80); 3 mixers (JS500).

4.2. Layout of the grouting hole
Based on the requirements of building collapse and anti-seepage, 69 holes are formed in the sand section
of the dam body (hole spacing: 2 m; hole depth: 48.9 m), and the grouting treatment range is 37.8~46.9 m.

4.3. Forming a hole

Based on the design requirements of the project, the second sequence hole is selected for construction; the
spacing of the first sequence hole is 2.0 m, and the DP-100 Rotary Drilling Rig is used for drilling. The
pilot hole is first constructed, and the construction is then carried out according to the principle of two
sequence and gradual densification of high-pressure rotary jet grouting holes. The hole depth exceeds the
design depth by 0.4 m.
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Table 1. Process parameters of high-pressure jet grouting technology

Serial number Project Unit Process parameters

1 Water Pressure MPa 36-40
Flow L/min 70

2 Slurry Pressure MPa 0.5
Flow L/min 0.6-0.8

3 Gas Pressure MPa 0.7
Flow L/min 1

4 Feed density g/m? 1.62

5 Return density g/m? 1.39

6 Lifting speed cm/min 10

7 Rotary speed r/min

8 Swing speed r/min

4.4. Slurry preparation

(1) Cement: Pure Portland cement slurry is used, in which the cement strength is 32.5 R; the slurry is sieved
before use.

(2) Water: Use the construction water for concrete mixing.

(3) Admixture: According to the material ratio test, an appropriate amount of bentonite is added to the slurry
preparation after the slurry performance is changed and approved by the supervision engineer.

The slurry is prepared uniformly according to the test proportioning requirements, configured by the
weight method, and the error is strictly controlled within 5%. The water cement ratio is controlled at
1:1~1.5:1; the slurry density is strictly controlled within 1.65 g/cm?, and the slurry return density is
controlled within 1.41 g/cm?.

When the external temperature is lower than 10°C, the slurry after preparation is used up within 5 hours;
when the temperature exceeds 10°C, it does not exceed 3 hours. If the slurry is stored for a long time, it is

treated as scrapped material 1517,

4.5. Jet grouting

After the hole is formed, the equipment is moved to the vicinity of the hole mouth after the drilling has
been completed. After the debugging, the nozzle of the spray rod is switched on and the orifice with iron
cover is covered. Then the high-pressure water pump, air compressor, pulping machine, and mud pump are
turned on to direct water, gas, and slurry. Any blockage or leakage in the joint or pipeline is checked 8],

After the completion of equipment debugging, it is necessary to use the winch to slowly lower the
injection pipe to the bottom of the hole after the water pressure, air pressure, and equipment are running
normally. It can spray statically for 2 to 3 minutes initially, and then increase when the specific gravity of
the slurry coming out of the orifice reaches 1.25 g/cm?. If there is no slurry emission at the air port during
sprinkler irrigation, the lifting is stopped immediately until the specific weight of slurry emission at the air
port reaches 1.25 g/cm?. Subsequently, it is lifted slowly, and the machine is moved after lifting to the
design height.

When the jet grouting construction is completed, the static pressure grouting is carried out immediately
to continuously pour the caving back into the hole. In the process of reinjection, the filling is carried out at
the same time as the sedimentation; the hole sealing and backfilling are carried out until there is no water
precipitation, so as to avoid hole problems caused by water precipitation and shrinkage of slurry after the
construction of high-pressure sprinkler irrigation, which will compromise the overall quality 191,
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4.6. Grouting effect inspection

Following the formation of the waterstop curtain, through water injection test, the measured permeability
coefficient of the curtain is less than the design allowable value, indicating that the quality and anti-seepage
effect of the waterstop curtain meet the engineering quality standards. This demonstrates that high-pressure
jet grouting technology is fully applicable to quicksand layer geological waterproof engineering projects,
serving as a useful technical reference for the design and construction of similar engineering projects 2%,

5. Conclusion

In a nutshell, small-scale rural water conservancy projects have played a critical role in guaranteeing
agricultural irrigation, household water supply, as well as flood and disaster prevention. Therefore, it is of
great practical significance to strengthen the quality control in the construction of small-scale rural water
conservancy projects as well as emphasize on the research and application of anti-seepage technologies in
order to ensure the safety of people’s property and promote the national economic level. The high-pressure
jet technology described in this paper is an anti-seepage technology commonly used in the construction of
water conservancy projects at the present stage. Taking into consideration of the actual construction of
specific projects, this paper discusses the application process and results of this technology in detail, verifies
the effectiveness of this technology, and provides useful technical guidance for the implementation of
similar projects.
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1. Introduction

The mobile formwork cast-in-situ beam technology requires the assistance of corresponding platform
equipment, which can move freely along the axis of the bridge in the application process. The support beam
must be built using steel truss and steel box girder while creating the mobile formwork. The movement can
begin after the pouring above the bridge is completed. The movable formwork method is the optimum
approach for cast-in-situ beam construction, despite the fact that there are numerous technical methods. It
improves the mechanization level, expands the construction scope, and ensures the construction quality. It
also improves the construction efficiency, reduces the construction cost, shortens the construction period,
ensures the safety of workers, and improves the economic benefits of enterprises. At present, much attention
has been paid to the mobile formwork cast-in-situ beam technology in bridge construction; therefore, it will
be valuable to carry out an analysis on it.

2. Project overview

The project is to build a large bridge, in which the upper part of the bridge is made up of prestressed
reinforced concrete continuous box girder with 54 connections and 206 holes. The mobile formwork cast-
in-situ beam technology is applied.

3. Plans in the application of mobile formwork

In the actual construction process, the bridge is composed of several parts: the straight-line section, variable
section, and connecting line bridge. The straight-line section includes the double width single box single
chamber continuous box girder, with a width of 18 m. The width of the variable section is more than 18 m,
which includes the double width single box multi-chamber continuous box girder, with a width of less than
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18 m. The connecting line bridge includes the double width single box multi-chamber continuous box girder,
with a width of 11 m. According to the regulations, the construction period is short, and the requirements
for construction quality and progress are relatively high, but the construction process is cumbersome.
Therefore, in order to improve the construction efficiency and ensure the full implementation of the
construction work within the specified time as well as the quality of the bridge, it is necessary to apply the
mobile formwork method in each bridge section.

3.1. Installation of mobile formwork

In the construction process, the selected mobile formwork is the through-type mobile formwork. The
minimum weight of the whole machine is 400 t, whereas the maximum can be 460 t; the power is 55 kW,
the adaptive slope is 2%, the longitudinal moving speed is 0.6 m/min, the adaptive curve radius is more
than 2,100 m, and the maximum reaction force of the fulcrum can reach up to 5900 kN. The through-type
mobile formwork mainly includes the main beam, guide beam, cross beam, and other parts. The through-
type mobile formwork has a large volume, so it is impossible to be installed in the workshop; rather, it
needs to be divided into multiple parts and transported to the construction site and subsequently installed
there. Pressure test is carried out first to confirm that the results comply with relevant requirements before
it can be officially put into construction. When installing the through-type mobile formwork, the steps are
as follows: (1) adjust the instruments and equipment that will be used during the construction; (2) set up
the bracket; (3) set up the main beam; (4) set up the beams; (5) reasonably adjust the system. In addition, it
is also necessary to place the mobile formwork in a suitable position and set up the support for the external
formwork prior to setting up the latter; then, carry out the pressure test and overall hoisting, and finally set
up the C-beam and rear cross beam [,

3.2. Displacement and removal of mobile formwork

3.2.1. Lateral movement of bracket and falling formwork

When all construction procedures, such as duct grouting and concrete pouring, have been implemented, the
corbel can be moved laterally, and the formwork can be dropped. In the process of moving and dropping
the formwork, the operation process is relatively simple. Only the jacking oil cylinder is required. In
addition, the dropping can also realize the separation between the formwork and the bridge body, so that
the main beam can move to the lower part. The bracket can also be separated from the pier, drawn out
from the pin beam, and hung above the main beam using the action of the oil cylinder.

3.2.2. Movement of bracket
As the oil cylinder can generate a large amount of force, it can propel the bracket in any direction, and the
movement process is unrestricted.

3.2.3. Bracket, main beam, and formwork

Two brackets are set under the bridge at the same time. When both brackets are located at the pier of the
bridge, the bracket can be moved by the force generated by the oil cylinder. In that case, the bracket can be
gradually moved to the pier. This principle can also be applied when the bracket is embedded. Moreover,
as long as the corbel can be inserted into the pier, the information of the position of the corbel can be
obtained. Finally, the transverse opening of the formwork can be controlled with the help of the transverse
hydraulic system, and the main bridge beam can then be pulled.

3.2.4. Forward movement of the main beam
With the traverse hydraulic system, the main beam is moved forward.
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3.2.5. Close the formwork when the main beam is at the specified position

The pouring point of the second hole is the designated arrival position of the main beam. When the main
beam reaches this position, the transverse formwork clamping work can be carried out. Then, the main
beam needs to be lifted to the designated position with a jack along the vertical direction, and detailed
adjustments shall be made according to relevant requirements. When moving the main beam, professional
technicians must carry out real-time monitoring and on-site guidance; there should not be any obstacles in
the moving path, so as to avoid the moving support being restrained by other substances. In fact, there are
numerous harmful factors present during the movement of the support, so it is necessary to improve the
safety supervision and address any unsafe factors as soon as possible. For example, in case of machine
failure, the construction personnel should stop the construction immediately until the unsafe factors are
fully dealt with, so as to reduce the incidence of accidents 1%/,

3.2.6. Remove the mobile formwork

The mobile formwork itself has a large volume. In order to avoid overcrowding at the site, the mobile
formwork should be removed by using hangers and transported back to the workshop upon the completion
of the box girder construction.

4. Procedures in the application of mobile formwork cast-in-situ beam technology in bridge
construction

4.1. Reinforcement

During the construction of the bridge, reinforcement construction needs to be carried out in two parts: (1)
in the workshop, reinforcement and relevant blanking treatment should be fully implemented; in this
process, the position of the reinforcement joint must be consistent with the construction requirements; (2)
after the reinforcement is transported to the construction site, it is necessary to implement reasonable
treatment for the reinforcement at the end beam and the web; it should be noted that when connecting the
main reinforcement, the thick straight thread of the pier must be used.

4.2. Concrete pouring

Before concrete pouring, the preparation work should be improved to confirm that the embedded parts,
bellows, formwork size, reserved holes, and so on fully meet the relevant requirements. It is also necessary
to pay attention to the cleaning of oil, sundries, garbage, and so on at relevant positions. If there are
deficiencies, they should be treated as soon as possible.

When the concrete is vibrated, the mechanical equipment with the highest frequency is the plug-in
vibrator and plate vibrator. For concrete vibration, the main requirement is to improve the compactness of
the concrete itself. Concrete pouring is a job that must be accomplished all at once. According to the
construction plan, the pouring work must be carried out in sequence based on the construction sequence of
bottom plate, web plate, and top plate; the pouring method must be gradually promoted. However, in the
process of pouring, continuous pouring is still the main pouring method to avoid defects. It needs to be
segmented in the longitudinal direction and layered in the horizontal direction to ensure the concrete
pouring effect. The length of sections is determined according to the weather during construction and the
initial setting time of concrete. The pouring work should not be carried out blindly in order to improve the
construction efficiency. The pouring of a new layer can only be carried out after confirming that the poured
concrete has been fully solidified 1.

In the concrete curing process, spraying water and wrapping with formwork are generally used for
moisturizing to ensure the continuous wetting of the formwork joints. Usually, the concrete curing time
lasts for 28 days, and the curing water temperature is controlled at about 15°C.
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4.3. Prestress

In prestressed tensioning construction, YCD40 Jack and single tensioning are used for transverse tensioning,
YCWS500 Jack and single end tensioning are used for longitudinal tensioning, and steel tendon tensioning
is carried out in the form of graded loading. It should be emphasized that the rate at which the load is applied
must be gradual. During the construction process, the weight and degree of tensioning, corresponding
anchoring, oil return, and so on should be carried out in accordance with relevant regulations, along with
safety monitoring. Construction should be halted promptly if safety hazards are discovered until the
potential hazards have been completely eliminated, in order to safeguard the safety of construction workers.

4.4. Elevation control

In applying the mobile formwork cast-in-situ beam technology in bridge construction, it is very important
to effectively control the elevation because the setting of the formwork camber is difficult and cumbersome,
and the whole process of construction needs to be monitored to ensure that the pouring of concrete on each
pier top meets the relevant requirements. The camber of tensioning and the deformation amplitude of
formwork before and after construction should be measured, and the difference between the actual bridge
elevation and the design elevation should be controlled within = 5 mm 1,

5. Conclusion

The application of mobile formwork cast-in-situ beam technology in bridge construction can effectively
save the construction cost, reduce work intensity, ensure construction safety, display the characteristics of
modernization in the overall construction, and improve the quality of the project. However, in the
construction process, the construction plans and procedures must be consistent with the requirements, so as
to fully exploit the function and benefits of this technology.
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over the world, it performs medical researches to benefit human beings and promotes the interdisciplinary and
international exchanges among researchers.

Innoscience Research covers biology, chemistry, physics and many other disciplines. It mainly focuses on the
improvement of human health. It aims to promote the cooperation, exploration and exchange among researchers
from different countries. By establishing platforms, Innoscience integrates the demands from different fields to
realize the combination of clinical research and basic research and to accelerate and deepen the international
scientific cooperation.
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L The Journal of Architectural Research and Development is an international
Journal of . peer-reviewed and open access journal which is devoted to establish a bridge
between theory and practice in the fields of architectural and design research,
urban planning and built environment research.

Topics covered but not limited to:

®  Architectural design

e  Architectural technology, including new technologies and energy saving
technologies

®  Architectural practice
e  Urban planning
®  Impacts of architecture on environment
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Journal of Clinical and Nursing Research (JCNR) is an international, peer
reviewed and open access journal that seeks to promote the development

Journal Of

and exchange of knowledge which is directly relevant to all clinical and C I_I N I CA I_
nursing research and practice. Articles which explore the meaning,

and Nursing Research

prevention, treatment, outcome and impact of a high standard clinical and
nursing practice and discipline are encouraged to be submitted as original
article, review, case report, short communication and letters.

Topics covered by not limited to:

e  Development of clinical and nursing research, evaluation, evidence-
based practice and scientific enquiry

e  Patients and family experiences of health care

®  (linical and nursing research to enhance patient safety and reduce
harm to patients
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Journal of Electronic Research and Application is an international, peer-
reviewed and open access journal which publishes original articles, reviews,
short communications, case studies and letters in the field of electronic research
Journal of and application.
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Research and Applicati Topics covered but not limited to:
~

F e Automation
e  Circuit Analysis and Application
e  Electric and Electronic Measurement Systems
e  Electrical Engineering
e  Electronic Materials
e  Electronics and Communications Engineering
e  Power Systems and Power Electronics
e Signal Processing

e  Telecommunications Engineering

BIG-Byw.

. Wireless and Mobile Communication




