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ABSTRACT 

Modern pigmented concrete products in the early 1950s, coloured concrete products have opened up 

new possibilities in the field of building and landscape design. Ironically, these coloured concrete 

products have also opened the door to a new visible phenomenon that is known as efflorescence. The 

unfortunate reality is that hue shifts in the completed goods are always the adversary, regardless of how 

carefully the raw materials are chosen or how conscientiously the manufacturing standards are adhered 

to. Calcium carbonate efflorescence is the likely cause of the colour inconsistencies that are sometimes 

referred to as fading in many instances. One might wonder how efflorescence might still occur even 

though the manufacturer has supposedly done everything properly, such as using excellent materials, 

having a good mix design, exceeding the strength requirements, and meeting the manufacturing 

schedule. This mind-boggling issue may be answered if one were to do in-depth research into the 

process underlying efflorescence. Even though a great deal of effort has been put into researching the 

phenomenon of efflorescence, and even though researchers from all over the world have come to a large 

extent of an agreement on the mechanism behind the formation of efflorescence, there are still no 

effective methods that concrete manufacturers can use to prevent the formation of efflorescence on 

finished concrete products. 
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INTRODUCTION 

Stability and Dependability of Built Building Structures 

In today's world, significant requirements are imposed not only on the stability and dependability of 

built building structures of buildings and constructions to various forms of external hostile impacts of 

environment, but also, in particular, to the durability during operation while being subjected to climatic 

influences. These requirements are imposed not only on the stability and dependability of built building 

structures of buildings and constructions to various forms of external hostile impacts of environment. 

These criteria may be split down into two categories: stability and dependability to different types of 

external hostile impacts of environment, and durability throughout operation while being subjected to 

climatic influences. Both of these categories fall under the umbrella term "environmental impacts."  

There is a clear correlation between the impact of mass transfer via the building materials and the 

formation of salt crystals on the surface of the building materials. In addition to this, the presence of 

these salt crystals causes a shift in the performance characteristics of building structures that are created 

out of the aforementioned materials. It is impossible to create efficient strategies to prevent these 
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occurrences without first analyzing the mechanism of the physical and chemical processes that are 

occurring in the concrete composite. This is because the concrete is a composite material that consists of 

both chemical and physical components. The Department of materials science in Construction at the 

Institute of New Materials and Technologies at Ural Federal University is devoted entirely to the study 

of this topic. On a fundamental mechanistic level, the mechanism that underlies the salinization process 

has been deciphered. 

Elaboration on definition of efflorescence 

The deposit known as efflorescence is a crystalline substance that can leach from concrete or mortar in 

the form of soluble calcium hydroxides. These calcium hydroxides, after a little period of time, will react 

with the carbon dioxide that is present in the air to produce calcium carbonates, which are insoluble. The 

quantity of moisture present in the air also has a role in determining the color of these calcium 

carbonates, which can be white, gray, or even black. Efflorescence will begin to grow on the surfaces of 

concrete, masonry, or brick, and as it continues to accumulate, it will produce a surface that is very 

tough and thick. This surface will grow in a manner that is quite comparable to how stalactites grow in 

caves, with the exception that it will be on a flat surface. When the cement dries and hardens, a 

substance known as free calcium hydroxide is produced. This substance is soluble in water, albeit to a 

very limited degree. In just a few words, the mechanisms that can be responsible for efflorescence can 

be described. These mechanisms are responsible for the occurrence of the phenomenon. Because of this, 

it is conceivable for it to migrate to the top of the concrete after having previously been dissolved in the 

mixing water of the fresh concrete. Alternatively, it is possible for it to migrate through the hardened 

concrete when it is subjected to the effects of precipitation such as rain or dew. Both of these scenarios 

are plausible. After reaching the surface of the concrete, the calcium hydroxide interacts with the carbon 

dioxide that is present in the air to generate calcium carbonate, which is insoluble in water. This occurs 

as a result of the reaction between calcium hydroxide and carbon dioxide. Primary efflorescence, also 

known as lime bloom, is a type of efflorescence that appears while the concrete is still in the process of 

hardening. This type of efflorescence is referred to as "primary efflorescence." Secondary efflorescence, 

often referred to as lime weeping, is a kind of efflorescence that appears on concrete after it has been 

exposed to the environment for an extended period of time. Equation 1 is a representation of the 

chemical reactions that take place during the process of efflorescence. 

(1.1) 

According to Deichnel, surplus water in the hardened cement paste that is not physically or chemically 

linked can make its way through the capillary pore networks of the concrete, and as a result, it can carry 

calcium hydroxide along with it as it travels through the concrete. This could take place as a result of the 

process of dissemination. 

Factors Contribute to Efflorescence in concrete 

In most sectors of application, it is not necessary for concrete to have an extremely low permeability; 

nevertheless, in the case of aesthetic concrete, such as concrete paving blocks, where efflorescence is 

likely to occur, the concrete should also essentially have low permeability. This is due to the fact that 

efflorescence has a tendency to form in locations where there is a relatively high concentration of 
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calcium chloride. In the event that it does not, there may be a variety of additional factors at play here.It 

is feasible to get to the conclusion that the factors most responsible for efflorescence are the mix 

proportion, inadequate curing, poor compaction of the concrete, and atmospheric conditions that 

promote a rapid drying out of the concrete. This is a valid conclusion to come to since it is possible to 

make this conclusion. This conclusion is plausible given the evidence that demonstrates these factors to 

be the most significant contributors. 

Existing test procedures on efflorescence  

There is no widely-recognized test for the phenomena of efflorescence in the construction industry since 

it is impossible to precisely forecast whether or not efflorescence will occur on concrete and when it will 

do so. In addition, since efflorescence is essentially a qualitative event, it is not feasible to construct a 

test procedure that would produce a numerical result. This is due to the fact that efflorescence cannot be 

measured. This is because efflorescence cannot be quantified, which is the reason for this result. This is 

due to the fact that the amount of efflorescence that is present in any given structure is decided by a 

number of variables, some of which have previously been described, and these factors are not always 

able to be identified or defined. The reason for this is because the amount of efflorescence that is present 

in any given structure is determined by these factors. 

OBJECTIVES OF THE STUDY 

1. To study on Factors Contribute To Efflorescence in concrete 

2. To study on Stability and Dependability of Built Building Structures 

RESEARCH METHOD 

Condition Survey   

A condition survey will typically include a visual assessment of any exposed concrete. This analysis is 

carried out with the intention of detecting and identifying problem areas or disturbed zones inside the 

concrete. Cracking, problems with the surface (such as spelling and disintegration), and deterioration of 

the joints are some of the terms that may be used to characterize these aspects of the concrete's 

condition. During the course of this condition survey, core drilling will be carried out on a regular basis 

in order to obtain specimens for the subsequent testing and analysis that will take place in a laboratory. 

The condition survey must include all of the following components as a minimum requirement: 

A visual inspection is always the initial step in any concrete condition study that is conducted. In the 

process of finding and characterizing issue areas, difficulties, or deterioration zones in concrete, this tool 

is applied. On the basis of an observational analysis, the following conditions need to be investigated in 

great depth:  

1. Construction flaws that are the result of sloppy handiwork include, among other things, 

honeycombing, bug holes, and exposed steel reinforcement. 

2. Cracking: this phenomenon may be defined in terms of the surface appearance, the depth of the 

cracking, the breadth of the cracking, the present degree of activity, and the structural nature of 

the crack. 
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3. Concrete has the potential to break down into extremely small fragments or papers owing to a 

number of different causes. The most prevalent of these causes include vigorous water attack, 

freezing and thawing, chemical attack, and subpar construction standards. Any one of these 

factors has the potential to cause the system to disintegrate. The process of disintegration can be 

compared to either a spelling bee or a dusting competition, depending on one's point of view.  

4. The term "distortion" or "movement" may be used to describe to the changes that occur in the 

alignment of the components of a structure.  

Laboratory Investigation  

After the sample has been collected, there will be testing done in the laboratory. At this stage, a thorough 

evaluation of the structure and a battery of in-depth tests are carried out in order to unequivocally 

determine the source of the distress as well as the scope of it. These tests also make it possible to make a 

prediction on how much time is remaining in the structure's usable life span after it has been utilized. 

The laboratory analysis includes:  

The petrographic research was utilized to characterize and classify the hardened concrete. Chemical 

analysis was performed to identify the quantity of cement that was present, the ratio of water to cement 

that was used when it was originally mixed, the presence of chloride and any other admixtures, as well 

as the amount of each.  

An research of the material's physical qualities, including its density, compressive strength, modulus of 

elasticity, Poisson's ratio, and a number of other factors. 

Estimating Service Lives 

Unprotected Concrete Elements  

There are three distinct approaches that may be taken in order to arrive at an accurate prediction of the 

amount of residual useful life that can be expected from degraded concrete bridge parts that are not 

covered by any other material. Utilizing the concepts of chloride diffusion period, corrosion cracking 

period, and degradation period, the first two methods compute the useful life, or the amount of useful 

life that is left after the calculation has been made. It is necessary to know or be able to compute the 

current chloride exposure age, the mean and standard deviation of the concrete cover depth, as well as 

the chloride diffusion constant for any of these techniques to be effective.  

Diffusion-Cracking-Deterioration Model 

The method calls for a definition to be provided for when concrete bridge components have reached the 

end of their functional service lives. For bare decks, the end of their effective service life based on 

corrosion damage (spalls plus delimitations plus asphalt patches) that impact riding quality is between 9 

and 13 percent of the worst traffic lane. This percentage is determined by the worst traffic lane. The 

battle lane on a bridge is often the traffic lane with the worst conditions. The left lanes, acceleration and 

deceleration lanes, refuge lanes or shoulder lanes, and the main traffic lane often exhibit more evidence 

of damage than the shoulder lanes or refuge lanes. However, in the event that the cover depth for any of 
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these lanes is noticeably lower than that of the fight lane, the lane with the lowest cover depth will be the 

lane that has the most difficulty accommodating traffic.  

Table 1 Chloride Concentration Examples for Determining the Driving Chloride Diffusion 

Concentration and the Diffusion Constant (Dc) for a Bridge Component (Co).  

Sample 

Number: 

Depth 

(in) 

Dl 

Measured 
Diff. 

D2 

Measured 
Diff. 

D3 

Measured 
Diff. 

1/2 10.8 10.3 14.6 14.0 12.6 12.2 

1 3.3 2.8 3.8 3.2 8.4 8.0 

PA 1.8 1.3 2.0 1.4 3.9 3.5 

2 1.3 0.8 1.4 0.8 1.7 1.3 

VA 1.2 0.7 1.2 0.6 1.3 0.9 

4 0.5 0.0 0.6 0.0 0.4 0.0 

In the absence of a diffusion constant Dc and a driving chloride concentration Co for a specific bridge 

component (2), the average values provided in Tables 3.4 and 3.5 may be used for planning reasons. 

Users should select a diffusion constant Dc that is in line with the state's weather conditions (average 

temperatures, annual snowfall, and annual rainfall) and the specifications of the bridge concrete (water-

to-cement ratio, consolidation needs). 

DATA ANALYSIS 

LABOR- AND CAPITAL-INTENSIVE OPERATION: 

The standard, labor-intensive technique of removing concrete involves employing pneumatic breakers. 

However, the milling method and the hydro demolition approach both represent substantial departures 

from this strategy. There are three ways to remove concrete. These robotic methods will result in a 

reduction in the expense associated with the removal of concrete. To be able to take advantage of the 

savings that result from a decrease in costs, one must, however, have an awareness of the elements that 

regulate costs in activities that are labor-intensive and equipment-intensive. 

The labor-intensive methods are easier to implement in comparison to their alternative equivalents from 

a strictly technological perspective. They are going to be tested, analyzed, and validated by the 

contractor in addition to being sanctioned by the property owner. When it comes to the removal of 

deteriorated concrete, utilizing a labor-intensive strategy such as pneumatic breakers, for example, there 

are only limited hazards linked from a technical point of view with the process. Everyone is aware that 

the process will work, and that the quality restrictions that are essential will be fulfilled, given that the 

task is carried out by operators who are reasonably competent. This is the case since everyone is aware 

of these things. 
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PNEUMATIC BREAKERS 

Hand-held pneumatic breakers are well-established and commonly used instruments for the removal of 

concrete that has been polluted or has degraded. Because of their light weight and outstanding agility, 

they are well suited for the task of removing damaged concrete from small, isolated regions as well as 

from vertical and above surfaces on all components of the bridge. When the depth of removal is known 

from the examination of the structure and specified on the drawings, they may be used on concrete that 

is cracked, spelled, or delaminated. Additionally, they can be used on concrete that is polluted with 

chloride. 

Description and Equipment 

In this section, the techniques for the removal of concrete that make use of pneumatic breakers are 

addressed, along with a brief discussion of the technical aspects of the equipment, components, and 

operational parameters that are involved in the process. Acquiring understanding of the apparatus as a 

whole as well as the many parts that make up the apparatus is the first stage in the process of developing 

an appreciation for technology. 

Even though pneumatic breakers of equivalent weight do not necessarily generate the same amount of 

impact force, it is standard practice to classify pneumatic breakers according to their weight. This is 

despite the fact that pneumatic breakers of comparable weight are categorized according to their weight. 

Large breakers built for mass production can weigh as low as 45 kilograms (less than 100 pounds), 

whereas small chipping hammers designed for light-duty applications can weigh as little as 9 kilograms 

(less than 20 pounds). Since the weight limit for small chipping hammers is less than 20 kilograms (less 

than 45 lb.), it is possible to use these tools safely on vertical or overhead surfaces. The highest weight 

that an operator of a large-production breaker can safely and easily manage on horizontal surfaces is 

what determines the upper weight limit for these machines. The quality criteria of the work also play a 

role in this determination. Because of this limitation, the machine is only able to fragment a certain 

quantity of the material. A typical pneumatic breaker is shown in its schematic form in figure 4.3, which 

is a diagram of the device. 

Cutting Tools 

There is a wide selection of cutting instruments that may be used in conjunction with hand-held pneumatic 

breakers. The end of the shank that is used to put the tool into the retaining mechanism is standard across the 

board. The cutting or working end can be anything from a wide blade resembling a spade to a sharp tip that 

has been well-honed. A pointed tool is utilized for the great bulk of the labor involved in removing concrete; 

however, a blade-type tool that is relatively thin (three to four inches [7.5 centimeters to 10 centimeters] in 

width) is often used to remove cracked and degraded concrete. It is crucial for both the productivity and the 

quality of the job to ensure that the cutting tool is properly maintained.. 
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Figure 1 Pneumatic Breaker Components 

Compressors and Distribution 

The total requirements for volume and pressure that will be placed on the compressor may be calculated 

by adding up the needs of all of the tools that will be utilized. Since it is unlikely that the maximum air 

requirements for all of the tools will be needed at the same time, a single compressor will be able to 

supply air to tools even if their combined total demand is greater than the compressor's capacity by up to 

twenty percent. However, because of losses that occur throughout the air distribution system, the tools 

will not, in most cases, receive the full pressure and quantity of air that is generated by the compressor. 

The pressure that is available to the tools will decrease due to a number of factors including air leaks, 

hose friction, and valves.. 

Work Characteristics 

In this part, the key applications for hand-held pneumatic breakers are highlighted, and the qualities of 

an effective project are discussed. A comprehension of these qualities is necessary in order to guarantee 

that pneumatic breaker operations reach their maximum potential. 

Managing and Controlling Quality 

Parameters for the success of the project must be established and maintained to ensure that breaker 

operations achieve the desired level of quality. Five quality concerns are imperative to success: 

1. The complete removal of the concrete that has deteriorated in quality. In order to ensure that each 

and every piece of deteriorated concrete is removed, it is extremely essential for the breaker 

operations to remove the concrete from the proper depth and area. Because a breaker operator with 

the necessary level of expertise is able to remove degraded concrete in a selective manner, the actual 

quantity of concrete that is removed could be different from the quantity that was projected to be 

removed. This is because of the fact that a breaker operator can remove concrete in a selective 
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manner. In this kind of situation, the quantity of concrete that has deteriorated might have been 

overstated or underestimated, depending on which of those two possibilities occurred. Make sure 

that all of the damaged concrete is removed; this should be done regardless of how closely it fits the 

area and expected depth that have been indicated for removal. This should be the most critical 

component of the removal operations; it should be the case that all of the damaged concrete is 

removed. 

 

Figure 2 Pneumatic Breaker Rate of Production 

2. Damage to the concrete that was left over. It is likely that the impact forces used to fracture and 

remove the damaged or contaminated concrete would cause micro cracks in the concrete that is left 

behind. These micro cracks might appear on the surface of the concrete as well as directly 

underneath it. These cracks accelerate the process of the residual concrete's deterioration and weaken 

the connection between the residual material and the overlay or repair material. Additionally, the 

process of the concrete's deterioration is sped up. 

3. The degree of micro cracking is determined not only by the magnitude of the impact force but also 

by the direction in which it was delivered. The weight of breakers that are used to remove concrete 

from bridge decks is limited by SHAs to a maximum of 35 lb. (14 kg), and the impact angle is 

needed to be between 45 and 40 degrees from the impact surface. These restrictions were put in 

place to ensure the safety of construction workers. These restrictions have been put in place in order 

to facilitate regaining authority over the situation. It is of the utmost importance that you restrict 

yourself to these restrictions. 

Tears or dents in the steel that was utilized for the reinforcing. In order to fracture the concrete, the 

breaker exerts a percussional force to it. This force usually causes damage to the reinforcing steel or to 

the connection that is present between the concrete and the steel. If the cross-sectional area of the 

reinforcing bar has been severely reduced due to gouging caused by the breaker or corrosion, then the 

whole damaged component of the bar should be removed and replaced. In the case that the area has been 

severely cut down, this step is something that has to be taken. If the concrete is removed from around the 
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steel reinforcements, then the process needs to continue for a further distance. This is done to ensure that 

there is sufficient surface area on the steel to make a connection, as well as sufficient space below the 

rebar for the coarse aggregate that will be used in the patch material. If the concrete is removed from 

around the steel reinforcements, then the process needs to continue for a further distance. It is imperative 

that the surfaces of a steel be spotless and devoid of any rust or cement paste that has been contaminated 

with chloride. 

5. Qualities of the top layer of the object. It is vital for the surface that is generated by the job to contain 

the required qualities in order for there to be a successful binding between the replacement material 

and the surface that is formed. The actions of the breaker generate a surface that is extremely rough, 

textured, uneven, and irregular in appearance. These characteristics may be seen in the surface. 

Nevertheless, despite the fact that this texture bonds well with patch or overlay material, the area 

cannot be opened to traffic until the resurfacing has been completed. 

6. Environmental problems. It is vital to monitor the impacts of the breaker operations in order to 

ensure that there will be only a minimal impact on the environment around us. The primary 

environmental issues are dust, noise, and flying debris, all of which are created both by the actions of 

the breaker and by the process of debris removal that comes afterwards. 

CONCLUSION 

It is going to be a very difficult decision to make about whether or not modern constructions made of 

reinforced concrete belong in the historic category and deserve to be saved; further research is necessary. 

It is possible to say, in general, that because reinforced concrete is a relatively new construction material 

(it is less than one hundred years old), the majority of the durability problems, testing methods, repair 

and strengthening methods, and other methods of reinforced concrete structures shall be considered for 

heritage reinforced concrete heritages with certain limitations based on the principles of conservation of 

heritage structures and the repair principles of reusing existing materials. This is because reinforced 

concrete is a relatively new construction material (it is less than one hundred years old). These 

restrictions are necessary due to the rules that govern the preservation of historic structures and the 

principles that govern the restoration of reinforced concrete buildings and other structures.Many 

different factors can be responsible for the deterioration and suffering of reinforced concrete heritage 

structures. The number of these factors is very high. The great majority of the problems arise from the 

building materials that were used at the time, which allowed for the admission of extra environmental 

variables that aggravated the degradation of the concrete. These materials allowed for the entry of 

additional environmental variables. Corrosion of the reinforcement is the single most critical factor 

among those that determine the lifetime of heritage structures built of reinforced concrete. This is 

because corrosion eats away at the steel that holds the concrete together. Additionally, alkali compounds 

have the potential to trigger aggregation reactions as well as freeze-thaw cycles. Together with 

unanticipated occurrences such as earthquakes, the shift in how structures are used in modern times is 

contributing to an increase in the frequency with which they are overloaded, which is becoming an 

increasingly typical occurrence. 
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