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Abstract: This study systematically analyzes the common problems of cracks and bubbles in high-rise
concrete structures of buildings. By exploring various factors that contribute to the formation of cracks,
including material properties, construction techniques, and environmental impacts, the fundamental
causes of bubble formation have been revealed. The study emphasizes the importance of monitoring
and maintenance in extending the service life of concrete structures, and proposes prevention and
control measures for different types of cracks and bubbles, including regular monitoring, scientific
repair, and education and training. By establishing a comprehensive management mechanism, the aim
is to improve the performance and economy of concrete structures, ensuring the safety and durability of
buildings.
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1. Introduction

With the acceleration of urbanization, high-rise buildings have gradually become an important
component of modern cities due to their ability to save land resources and improve spatial utilization.
However, the accompanying problems of concrete cracks and bubbles seriously affect the safety and
durability of high-rise buildings. As the main material of construction, the stability of concrete's
performance directly affects the overall quality of the building. Therefore, in-depth research on the
causes of concrete cracks and bubbles, as well as targeted prevention and control measures, has
important theoretical significance and practical value.

The formation of concrete cracks is usually closely related to material properties, construction
techniques, and environmental factors. Different types of cracks not only affect aesthetics, but may also
lead to a decrease in structural strength, and in extreme cases, even affect the safety of buildings. The
existence of bubbles cannot be ignored, especially during the pouring and curing process of concrete.
The formation of large and small bubbles can significantly reduce the compactness and strength of
concrete, thereby affecting its durability.

This study aims to comprehensively analyze the causes of concrete cracks and bubbles in high-rise
buildings, explore their impact on building performance, and propose practical and feasible prevention
and control measures. Through systematic theoretical analysis and practical case studies, this article
aims to provide reference for the design and construction of high-rise buildings, and promote the safety
and sustainable development of construction projects.

2. Analysis of concrete cracks

Concrete cracks are a common problem in high-rise buildings, which have a significant impact on
the structural safety and performance of the building [1]. In order to effectively prevent and control
cracks, it is necessary to first classify the cracks and analyze their causes in depth.

2.1 Classification of cracks
Cracks can be classified into macro cracks and micro cracks based on their characteristics and

properties. Macroscopic cracks usually refer to cracks with a width greater than 0.1 millimeters, which
can be observed with the naked eye and have a direct impact on structural stability. They may cause

Published by Francis Academic Press, UK
-85-



Academic Journal of Architecture and Geotechnical Engineering

ISSN 2663-1563 Vol. 6, Issue 4: 85-90, DOIL: 10.25236/AJAGE.2024.060413

water infiltration and steel corrosion, thereby reducing the durability of concrete. Microscopic cracks
refer to cracks with a width less than 0.1 millimeters. Although difficult to detect, they can also affect
the mechanical properties of the material during concrete curing and use, leading to a decrease in
strength and often becoming the starting point for macroscopic crack formation. In addition, cracks can
be divided into static cracks and dynamic cracks. Static cracks are generated when the structure is
subjected to constant force without external changes, usually caused by factors such as shrinkage and
temperature changes, and are more common in the early stages of concrete hardening. Dynamic cracks
are formed under the influence of external load changes or dynamic factors such as earthquakes,
usually related to the dynamic response characteristics of the structure, and may pose a greater threat to
the safety of the building.

2.2 Reasons for crack formation

The causes of concrete cracks are complex, and factors such as materials, environment, construction,
and structure can all contribute to the formation of cracks.

2.2.1 Material factors

The properties of cement and aggregates have a significant impact on the strength and durability of
concrete. The chemical composition of cement directly affects its reactivity and final performance after
hardening. If there are too many mineral impurities in cement, it may affect the hydration process of
cement, thereby reducing the strength of concrete. In addition, the particle size and gradation of
aggregates are also key factors determining the performance of concrete. Excessive or insufficient
particle size can affect the compactness and flowability of concrete, while poor grading may lead to
increased gaps between aggregates, making concrete more prone to cracking after hardening.
Furthermore, if the moisture content of the aggregate is too high, it may cause the concrete to absorb
too much moisture during the hydration process, thereby affecting the effective hydration of cement
and leading to insufficient strength and crack formation.

Another important factor is the water cement ratio, which is a key indicator affecting the strength
and durability of concrete. The water cement ratio directly affects the performance of concrete.
Excessive water cement ratio can significantly reduce the strength of concrete, as excess moisture
forms larger pores after concrete hardens, thereby affecting its density and overall structural integrity.
In addition, a higher water cement ratio increases the risk of concrete shrinkage, making it more prone
to cracking during the drying process. The combined effect of these factors makes the selection and
proportioning of cement and aggregates particularly important in concrete design, requiring sufficient
testing and analysis before construction to ensure the safety and durability of the final concrete
structure.

2.2.2 Environmental factors

The main environmental factors are temperature and humidity changes. The impact of rapid
temperature changes on concrete should not be underestimated. Concrete undergoes expansion and
contraction when subjected to temperature changes. If these changes are not properly controlled, it is
easy to generate stress inside the material, leading to the formation of cracks. Especially in areas with
drastic temperature changes, such as those with distinct seasons, the frequency of temperature cracks
significantly increases. In this case, temperature differences between day and night, seasonal changes,
and extreme weather conditions can all lead to uneven temperature distribution on the surface and
inside of concrete, causing excessive expansion or contraction in certain areas, ultimately resulting in
structural damage.

In addition to temperature, changes in humidity also have a significant impact on the curing process
of concrete. The sensitivity of concrete to moisture during curing makes it more prone to problems in
environments with changing humidity. In a dry environment, the evaporation rate of moisture in
concrete accelerates, which can lead to insufficient internal moisture and the formation of shrinkage
cracks. This drying shrinkage not only affects the appearance of concrete, but may also affect its
strength and durability. Therefore, maintaining appropriate humidity conditions is crucial for the
stability of concrete. During the construction process, measures should be taken to control humidity
and ensure that the concrete can obtain sufficient moisture during the curing period, thereby reducing
the risk of cracking.

2.2.3 Construction factors

The curing of concrete is a crucial step in ensuring its performance and durability. If the
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maintenance measures are improper, such as insufficient maintenance time or unsatisfactory
maintenance environmental conditions, it may lead to cracks on the surface of the concrete. Proper
curing can maintain the moisture content of concrete, promote its hydration reaction, and thus enhance
its strength and durability. On the contrary, the lack of sufficient moisture and appropriate temperature
control can easily cause the concrete surface to lose moisture, leading to phenomena such as drying and
cracking, seriously affecting its service life. Moderate vibration is also crucial during the pouring
process. If the vibration is insufficient, the concrete may have holes and looseness, affecting the
compactness and increasing the risk of cracks; Excessive vibration may lead to material separation and
defects. In addition, pouring temperature is also an important factor that cannot be ignored. If the
pouring temperature of concrete is too high, it may cause significant internal temperature differences,
resulting in temperature cracks. Ideal pouring temperature and appropriate vibration control can
effectively improve the overall quality of concrete and reduce the occurrence of cracks.

2.2.4 Structural factors

Unreasonable design, if the structural design does not fully consider factors such as load
distribution and component reinforcement, can easily lead to stress concentration and increase the
possibility of crack formation. For example, neglecting the proper setting of expansion joints may lead
to the formation of temperature cracks. Excessive load, after the building is put into use, exceeding the
design load may cause deformation of the structure, resulting in cracks. Therefore, a reasonable
assessment of the building's usage load is an important part of the design phase.

3. Analysis of concrete bubbles

The existence and formation of concrete bubbles have a significant impact on the performance of
concrete, making the analysis of their types and causes particularly crucial.

3.1 Types of bubbles

Bubbles in concrete can be mainly divided into two types: microbubbles and macrobubbles.
Microbubbles typically have a diameter of less than 1 millimeter and are evenly distributed in concrete,
effectively improving its frost resistance and durability. Microbubbles improve the microstructure of
concrete, reduce water permeability, thereby reducing the risk of cracking and enhancing the long-term
performance of concrete.

Macro bubbles refer to bubbles with a diameter greater than 1 millimeter, which are more
pronounced in concrete and may lead to a decrease in concrete strength and surface defects. The
formation of macro bubbles is usually related to the mixing, pouring, and vibration processes of
concrete. If not handled properly, it may lead to a significant decrease in the compressive and tensile
strength of concrete.

3.2 Reasons for bubble formation

There are three main reasons for the formation of bubbles in concrete: physical effects, chemical
reactions, and external environment. Physical action refers to the formation of bubbles by air being
drawn into the concrete slurry during the mixing process. Especially when the mixing speed is fast or
the concrete consistency is too high, it is easy to produce a large number of bubbles. Chemical
reactions are also important factors in the formation of bubbles. The gases released during the cement
hydration process, such as hydrogen, may form bubbles in the slurry. In addition, certain additives
(such as foaming agents) can also introduce bubbles into concrete, thereby improving its performance.
External environmental factors such as temperature and humidity can also affect the formation of
bubbles. Under high temperature and low humidity conditions, water evaporates rapidly, which may
lead to the rapid rupture of bubbles and affect the overall structural stability of concrete. Therefore,
reasonable control of the preparation and construction environment of concrete is of great significance
for reducing the negative impact of bubbles and improving the quality of concrete. Through in-depth
analysis of concrete bubbles, we can better understand the impact of bubbles on the performance of
concrete, and take corresponding measures to optimize the mix proportion and construction process of
concrete to improve its comprehensive performance.
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4. The influence of cracks and bubbles

As a widely used building material, the performance of concrete directly affects the safety and
economy of the structure [2]. Cracks and bubbles are common problems in concrete, which have a
profound impact on structural performance and economic benefits.

4.1 Impact on structural performance

Cracks and bubbles in concrete not only affect aesthetics, but more importantly, their direct impact
on structural performance. Cracks are one of the most common problems in concrete structures, and
their formation is usually caused by various factors, including temperature changes, humidity
fluctuations, and load effects. Cracks can cause a decrease in the strength and stiffness of concrete,
thereby affecting the load-bearing capacity of the structure. In addition, the presence of cracks may
cause water infiltration inside the concrete, reduce frost resistance, and increase the risk of steel
corrosion, thereby shortening the service life of the structure. More seriously, larger cracks may lead to
local instability or overall failure, especially under high stress conditions. This not only threatens
structural safety, but may also have an impact on the surrounding environment, such as causing soil
subsidence or soil erosion.

The impact of bubbles, especially macro bubbles, on concrete cannot be ignored. The presence of
macro bubbles can lead to a decrease in the compressive and tensile strength of concrete, thereby
affecting the safety of the overall structure. The aggregation of bubbles may cause defects inside the
concrete, reducing its durability. In addition, the voids formed by bubbles in concrete may become the
starting point for crack propagation, making crack formation more frequent and severe. Therefore,
controlling the number and distribution of bubbles in concrete is crucial for maintaining the
performance and safety of the structure.

4.2 Impact on economic benefits

Cracks and bubbles not only affect the safety and durability of the structure, but also bring
significant economic losses.

The appearance of cracks often requires repair and reinforcement, which undoubtedly increases the
maintenance cost of the project in the later stage. For example, for concrete structures that have already
developed cracks, grouting, reinforcement, or other repair measures may be required, all of which
require a significant amount of manpower, material resources, and financial resources. In addition,
cracks may shorten the service life of the structure, thereby affecting its investment return. In some
cases, severe cracks may lead to the overall reconstruction of the structure, which would be a huge
economic expense. Therefore, effective measures must be taken in the design and construction process
to control the occurrence of cracks, in order to reduce maintenance costs and potential economic losses.

The impact of bubbles on economic benefits is equally significant. Due to the decrease in concrete
strength caused by bubbles, it may be necessary to increase the amount of cement or use
high-performance concrete to compensate for the insufficient strength, which will directly increase
material costs. In addition, concrete with excessive bubbles may require longer construction time and
more labor input, thereby increasing the overall cost of the project. At the same time, the decrease in
concrete durability caused by bubbles may increase the cost of later maintenance and replacement.
Therefore, reasonable control of the bubble content in concrete can not only improve its performance,
but also effectively reduce the economic burden of construction and maintenance.

5. Prevention and control measures

It is crucial to take targeted prevention and control measures to effectively reduce the occurrence of
cracks and bubbles in concrete structures, improve their performance and economic benefits [3]. These
measures can be divided into prevention in the design phase, control in the construction phase, and
monitoring and maintenance in the later stage.

5.1 Prevention during the design phase

In the design phase, a reasonable design plan is the primary step in preventing cracks and bubbles.
Designers should focus on material selection and prioritize the use of high-performance concrete to
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improve crack resistance and permeability, and reduce the occurrence of cracks. At the same time,
optimizing the mix proportion of cement, aggregate, and water reasonably can ensure the workability
and strength of concrete. An appropriate water cement ratio can effectively reduce the content of
bubbles and improve overall performance. In addition, reasonable structural layout and stress analysis
are also key to reducing cracks. By setting reasonable expansion and control joints, stress can be
effectively dispersed, and the risk of cracks caused by temperature changes and load effects can be
reduced. Finally, for structures that require waterproofing, the design should consider the setting and
material selection of the waterproof layer to reduce cracks caused by moisture infiltration and
expansion.

5.2 Control during the construction phase

The construction phase is a critical moment to ensure the quality and performance of concrete, and
taking effective control measures can significantly reduce the formation of cracks and bubbles. Firstly,
the construction environment should avoid extreme weather conditions as much as possible. For
example, when pouring in high temperature or strong wind weather, shading and moisturizing
measures should be taken to prevent the surface from drying out quickly and causing cracks. Secondly,
the reasonable use of vibration equipment ensures sufficient vibration of concrete, avoiding the
accumulation of bubbles and the formation of pores. The correct vibration time and frequency can help
improve the compactness of concrete. In addition, arranging the pouring sequence and layer thickness
reasonably can avoid temperature stress caused by one-time excessive pouring. Adopting a layered
pouring method can reduce cracks caused by volume changes. Finally, timely curing should be carried
out after pouring to maintain the wet state of the concrete surface and reduce the risk of cracks caused
by water evaporation. Suitable curing methods should be selected, such as spraying curing agents or
covering wet burlap bags, and adjusted flexibly according to environmental conditions.

5.3 Monitoring and maintenance

Even though many measures have been taken in the design and construction, monitoring and
maintenance in the later stage are still important links to ensure the long-term performance of concrete
structures. To this end, a regular inspection mechanism should be established, using professional
instruments to monitor the development of cracks and the content of bubbles inside the concrete. By
monitoring the width, depth, and quantity of cracks, potential problems can be discovered in a timely
manner. For discovered cracks and bubbles, timely maintenance measures need to be taken, such as
grouting repair for small cracks, while larger cracks may require reinforcement or reconstruction. At
the same time, detailed recording and analysis of monitoring data should be carried out to evaluate the
health status of concrete structures, and maintenance strategies should be adjusted in a timely manner
to extend the service life of the structures. In addition, regular training should be provided to
construction and maintenance personnel to enhance their understanding of crack and bubble issues,
ensuring strict adherence to standards and specifications during the construction and maintenance
process. Through the above measures, cracks and bubbles in concrete structures can be effectively
reduced, thereby improving their performance and economy, ensuring the safety and durability of the
project.

6. Conclusion

This study conducted an in-depth analysis of the causes of concrete cracks and bubbles in high-rise
buildings, as well as their impact on structural safety and service life. Through the exploration of the
mechanism of crack formation, the causes of bubble formation, and corresponding monitoring and
maintenance measures, it was found that although multiple preventive measures were taken during the
design and construction stages, monitoring and maintenance in the later stage are still the key to
ensuring the long-term performance of concrete structures. Firstly, regular monitoring mechanisms are
crucial for timely detection of cracks and bubbles. Through professional instrument monitoring,
corresponding maintenance measures can be taken in the early stages of crack and bubble development,
effectively reducing potential safety hazards. Secondly, developing scientific and reasonable
maintenance strategies for different types of cracks and bubbles is also an important aspect of ensuring
structural safety. Small cracks can be repaired by grouting, while larger cracks may require
reinforcement or reconstruction to ensure structural stability. In addition, establishing a data recording
and analysis system enables maintenance strategies to be dynamically adjusted according to actual
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situations, further improving the health management level of concrete structures. Finally, strengthening
education and training for construction and maintenance personnel, improving their understanding and
ability to deal with crack and bubble problems, will help to strictly follow relevant standards and
specifications in daily work.

Therefore, through systematic analysis and prevention measures, this study can effectively improve
the performance and economy of high-rise concrete in buildings, ensure the safety and durability of the
project, and provide important reference and guidance for future construction practices.
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