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ABSTRACT

The emergence of efflorescence may be traced back to a complex web of interconnected processes that
include many different paths. Efflorescence, in its most fundamental form, is the consequence of
bringing water containing dissolved salts to the surface of masonry, letting the water to evaporate, and
then allowing the salts to remain on the surface of the brickwork after the water has evaporated. Salt
solutions have the potential to migrate either over the surfaces of masonry units, through the spaces
between mortar and brick units, or via the pores of the mortar or brick units. In addition to this, salt
solutions have the potential to seep through the pores of the mortar or the brick units. Alkaline solutions
(often alkali metal silicates or hydroxides) combine with solid alumina-silicate precursors to create these
binders (Davidovits, 1991, 2008). The transformation of a solid alumina-silicate precursor into a
synthetic amorphous or nano-crystalline binder has been modelled in a simplified fashion by Provis et al.
(2005). Their scenario begins with the oligomerization of silicate and aluminate monomers following the
dissolution of a solid alumina-silicate source in an alkali-activator. Polymerization and gelation of the
generated alumina-silicate oligomers can result in either an amorphous alumina-silicate phase or a Nano-
crystalline zeolite phase, depending on the processing circumstances.
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INTRODUCTION

Causes of Efflorescence

The emergence of efflorescence may be traced back to a complex web of interconnected processes that
include many different paths. Efflorescence, in its most fundamental form, is the consequence of
bringing water containing dissolved salts to the surface of masonry, letting the water to evaporate, and
then allowing the salts to remain on the surface of the brickwork after the water has evaporated. Salt
solutions have the potential to migrate either over the surfaces of masonry units, through the spaces
between mortar and brick units, or via the pores of the mortar or brick units. In addition to this, salt
solutions have the potential to seep through the pores of the mortar or the brick units. In order for
efflorescence to occur, a variety of factors simultaneously affecting the plant must first be satisfied.

It is essential for there to be soluble salts present, either inside the brickwork itself or in immediate
proximity to it. Salts comparable to this could be present in the individual components of the mortar,
such as the backing materials, the trim, the brick, the surrounding soil, and so on.
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In order for the salts to be dissolved, a supply of water must first come into contact with them for a
sufficient period of time. This must be done before the salts may be dissolved.

In order for salt solutions to migrate to the surface or to other locations in the brickwork where water can
evaporate, there must be a pore structure present in the brickwork. This is a need. The process of salt
crystallization requires this in order to be successful. In reaction to a driving element, such as a
temperature or humidity gradient, moisture will flow through the porous structure of the material. This
movement will take place.

Factors That Influence Efflorescence

Efflorescence is influenced by a number of parameters, some of which include the amount of cement,
the amount of alkali, the mix water, the ratio of water to cement, admixtures, curing conditions, and
permeability.

1. The emergence of efflorescence in binders triggered by alkalis

Many different kinds of precursors have been studied as possible raw materials for making alkali-
activated or geopolymer binders in the past few decades. However, studies and experiments have shown
that these binders are more prone to efflorescence formation, and that excessive efflorescence can
compromise their structural integrity. The efflorescence phenomena has received insufficient research
consideration despite the critical nature of the problem.

2. Binders that are activated by alkalis and are prone to efflorescence

Alkaline solutions (often alkali metal silicates or hydroxides) combine with solid aluminosilicate
precursors to create these binders (Davidovits, 1991, 2008). The transformation of a solid
aluminosilicate precursor into a synthetic amorphous or nano-crystalline binder has been modelled in a
simplified fashion by Provis et al. (2005). Their scenario begins with the oligomerization of silicate and
aluminate monomers following the dissolution of a solid aluminosilicate source in an alkali-activator.
Polymerization and gelation of the generated aluminosilicate oligomers can result in either an
amorphous aluminosilicate phase or a nano-crystalline zeolite phase, depending on the processing
circumstances. To begin the dissolution of the covalent bonds (Si-O-Si and Al-O-Si) of the precursor,
alkalis must first establish a high enough pH medium (Duxson et al., 2005a). Afterward, they must
charge-balance the expanding aluminosilicate gel framework.

e Microstructure that is more open, leading to increased permeability (kvara et al., 2009b).

e Lloyd et al. (2010) found a significant alkali content in the pore solution.

e The sodium action’s poor binding characteristic in the aluminosilicate framework has been
reported by several research groups (Szklorzova and Bilek, 2008; kvara et al., 2008; Bortnovsky
et al., 2008).

3. Binders triggered by alkalis that regulate efflorescence development

The rest of the chapter is dedicated to efflorescence controlling methods in alkali-activated binders, a
new area of study in the development of alkali-activated or geopolymer binders, after a brief overview of
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the general features of efflorescence, its effects and consequences, types of efflorescence, formation
mechanism, and a literature survey on efflorescence formation in alkali-activated binders..

4. Methods for Suppressing Efflorescence

In an alkali activated or geopolymer binder, efflorescence can be mitigated through one of three
approaches. First, the alkali activator's chemical formulation may be tweaked to boost the materials'
reactivity, and second and third, admixtures can be utilised to promote the microstructure's densification.
The geopolymeraluminosilicate source material should be considered first because of its composition,
molecular structure, crystalline structure and phases, reactivity, and solubility in alkali activator, and
because of this, one or more efflorescence control methods should be applied in order to achieve a sound
and durable alkali activated orgeopolymer binder product. Three efflorescence management strategies
have been used to a geopolymer binder made from a pumice-type natural pozzolan, and their efficacy
has been analysed (NajafiKani et al., 2012).

5. Modifying the chemical formulation

Geopolymer binder based on a natural pozzolan of the pumice type has been chosen to study the impact
of alkali activator chemical composition adjustment on efflorescence control. The natural pozzolan
employed in this project was of the pumice variety and was found in mountains in Iran's south-east. In a
closed-circuit industrial mill, the pozzolan was pulverised to a Blaine specific surface area of 305 m2/kg
and a mean particle size of 32 microns. SiO2 = 61.57, Al203 = 18.00, CaO = 6.69, Fe203 = 4.93, MgO
= 2.63, K20 = 1.95, Na20 = 1.65, with LOI = 2.15 and a basicity factor [(CaO + MgO)/(SiO2 +
Al203)] of 0.84 were the chemical composition values measured in line with the ASTM C311 standard
methods. Crystalline phases were another characteristic of natural pozzolan. The presence of the
minerals anorthite (a feldspar mineral), cordierite and tremolite (amphiboles), biotite (mica), as well as a
small amount of quartz, was revealed by X-ray diffractometry (Philips X'pertdiffractometer, CuKa
radiation, 2o/min, divergence and anti-scatter slits 10 each, receiving slit 0.01 mm). All experiments
were conducted using commercial sodium silicate solution (mass ratio SiO2/Na20 = 0.92 and SiO2
content of 31.36 wt%) and industrial-grade NaOH (99% purity) (NajafiKani et al., 2012).

6. Application of the necessary cures

Specimens of mixes G2 and G9 were cured hydrothermally in a steam saturated environment at 45, 65,
85, 105, and 125°C for 20 h, after 7 days of procuring at 95% relative humidity (RH) at 25°C
(NajafiKani et al., 2012). Hydrothermal curing temperature effects on alkali leach ability and
compressive strength for blends G2 and G9 (NajafiKani et al., 2012). Hydrothermal (HT) curing was
applied at temperatures of 45, 65, 85, 105, and 125°C for 20 h, after 7 days of procuring at 25°C and
95% RH. The baseline curing regime was a simple 28-day curing period at 95% RH at room temperature
(RT). Hydrothermal curing at temperatures greater than 65°C decreases efflorescence extent and
improves compressive strength, as shown for both mixtures. Even at the lowest applied temperature of
45°C, hydrothermal treatment increases the degree of efflorescence and decreases compressive strength.
Temperatures over 65 degrees Celsius are associated with enhanced geopolymerization processes, which
may explain why these systems perform better at these temperatures (NajafikKani and Allahverdi,
2009Db).
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Use of Novel Ingredients Five Al-rich mineral admixtures were incorporated into the dry binder mixes at
replacement levels of 2, 4, 6, and 8 to examine the effect of special additives on controlling the
efflorescence formation. These admixtures included met kaolin (Zigma International, India), ground
granulated blast furnace slag (Isfahan Steel Complex, Iran), and the calcium aluminate cements Secar 71
(Kerneos, France), Secar 80 (Kerneos, France), The admixtures' chemical make-ups

OBJECTIVES OF THE STUDY

1. To study on Factors That Influence Efflorescence
2. To study on salts comparable and present in the individual components of the mortar, such as the
backing materials, the trim, the brick, the surrounding soil.

RESEARCH METHOD
NonDestructive Testing (NDT)

Even though core drilling is the primary method for determining the in-situ concrete strength of
degraded concrete buildings, it is not always possible to core for specimens. This is despite the fact that
core drilling is the primary method. It is not always possible to core specimens. Therefore, the solution is
to use techniques that are indirect and non-destructive, in addition to techniques that are partially
destructive, in order to test core specimens while also measuring concrete properties other than strength.
This can be accomplished by combining techniques that are indirect and non-destructive. Combining
techniques that are indirect with techniques that are partially destructive is one way to achieve this goal.

Minor or Partially Destructive Testing

The term "partially destructive testing™ refers to a testing method that uses machinery that "makes
contact” with the surface of the concrete being tested, applies some amount of force to the concrete, and
invariably causes damage to the concrete or removes some of the material as an unavoidable result of the
testing procedure.

The degree of damage that was caused was influenced in part by both the approach that was taken and
the sort of equipment that was used in its execution. Using testing procedures that are only partially
destructive and that penetrate just a small distance into the material in a concrete structure that is
degrading demands a great lot of caution, especially if the deterioration is on the surface or within a
short distance from the surface. This is especially true if the degradation is close to the surface. This is
especially the case if the degradation is visible on the surface of the object. It is highly recommended
that the findings of such tests always be coupled with the results of compressive strength tests that have
been done on core samples that have been drilled. In the following table, you will find a list of the
processes that are categorized as light or moderately damaging.

With the exception of coring, the vast majority of these testing processes and techniques (all of which
are listed in Tables 3.1 and 3.2), evaluate properties of concrete other than only its strength. As a
consequence of this, a correlation needs to be established in order to make it feasible to convert the data
to the concrete compressive strength, which is an essential prerequisite for establishing whether or not a
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building is appropriate. Not only is a professional degree of knowledge necessary for the testing devices,
but it is also required for the a perusal and comprehension of the findings.

The results of the NDT and MDT tests will be helpful in a number of ways, including but not limited to
the following:
e ldentifying or validating the root cause of the deterioration;
e Quantifying the scope of the damage;
e Evaluating the current and future performance (of both damaged and seemingly sound areas);
and
Selecting the most effective and economical repair options
Method Selection

This can be a dangerous situation. It is possible for the chloride ion in the solution to make its way to the
steel through a process known as diffusion. This process can occur either through the pore water of the
concrete or through fractures in the concrete itself. In any case, the steel will begin to rust on its own
after the level of acid-soluble chloride ion in the concrete reaches a critical threshold, which is around
1.2 pounds per cubic yard or 0.71 kilograms per cubic meter. This level of acid-soluble chloride ion in
the concrete is necessary for the rusting process to begin. The following is an explanation of the natural
mechanism by which chloride ions contribute to the rusting of steel when it is embedded in concrete:
(3.2).

Fe - Fe** + 2e

At the spot where corrosion is taking place, iron converts into a positively charged iron ion and gives out
two electrons that have a negative charge..

Fe** + 2CI - FeCl,

Iron ion complexes with the chloride ion at the corroding site
FeCl, + H,0 + OH - Fe(OH), + H* + 2CI’

Even when oxygen is not available, the iron chloride complex will still form iron hydroxide through a
reaction with water and the hydroxyl ion that is already present in the water at the corroding site. As a
consequence of this reaction, there will be an increase of one hydrogen ion and an increase of two
chloride ions in the pore water that is located at the corroding site. Now when the conditions are right,
the chloride ions in the pore water might potentially form complexes with more iron, which will make
the process of spontaneous corrosion even more rapid.

2Fe(OH), + 40 - Fe,0, + 2H,0

At the spot where the corrosion is occurring, the iron hydroxide and oxygen ion in the concrete pore
water react to produce rust in addition to water. This takes place as a result of the reaction. The rust has
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spread and now covers an area that is several times larger than the iron it originally covered. The
increase in size causes a rise in the amount of internal pressure at the corroding site, which in turn causes
the concrete to fracture, which finally results in spalls (potholes) and delimitations. The expansion in
size also causes an increase in the amount of external pressure at the corroding site.

Table 1 Chloride Content Categories in a Corrosive Environment (Co)

Low Moderate High Severe
0<Co<4 45Co<8 85Co0<10 105 Co < 15
(0<Co<24) (45Co<4.7) (4.75Co0<5.9) (5.95C0<8.9)
Mean w 3.0 (1.8) Mean a 6.0 (3.5) Mean w 9.0 (5.3) Mean - 12.4 (7.4)
EXAMPLE STATES:
Kansas Minnesota Delaware \Wisconsin
California Florida lowa New York

West Virainia

India

DATA ANALYSIS
Hydro Demolition

As part of the process of rehabilitating bridges, this section takes a look at hydro demolition as a
technique for removing concrete from the structure. It is a method that requires a significant investment
in capital and makes use of intricate apparatus to generate and guide a high-pressure water jet in order to
dissolve the cement matrix that is present between the concrete aggregate. It is possible to reach a high
rate of production while at the same time selectively eliminating degraded or contaminated concrete to
the level of depth that the user specifies. It does a good job of cleaning the reinforcing steel and getting
the surface ready for the next overlay..

Description and Equipment

In its most basic form, hydro demolition includes pressurizing water and delivering a water jet in a
controlled manner in order to destroy the cement matrix. In order to do this, you will need an advanced
piece of machinery that is made up of two separate units: a power unit and a demolition unit. (5).

Power Unit

The power unit shown in Figure 1 is representative of those utilized to deliver the high-pressure water
that is necessary for hydro demolition. It is made up of a driving motor, a high-pressure pump, water
filters, a water storage tank, and several other supplementary pieces of equipment (4). A big metal
container serves as the home for the power unit, which is transported on the flatbed of a tractor-trailer.

Before being stored in the reservoir tank, the water that is provided by the power unit goes through a
filtration system consisting of many filters.
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The filters remove solids from the water to prevent excessive wear on the
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Figure 1 demonstrates a typical power unit that is used to supply high-pressure water that is
necessary for hydro demolition.

Some manufacturers create wands that are small enough to fit in the palm of the user's hand and can be
operated with lower pressures and flow rates. In these, an individual is required to hold the wand while
directing the water jet across the surface of the concrete. The absence of microprocessor control over the
movement of the water jet, which results in quality difficulties, makes it almost impossible to utilize
handheld water jets because of worries over safety. This is caused by the fact that there is no control
over the movement of the water jet.

There is some experimental equipment that can be used for the removal of concrete in highly specialist
applications such as tunnels and columns. This gear is already available.

Operating System

The equipment that is necessary to carry out hydro demolition work comprises of a trailer that houses
the power unit, the demolition unit itself, and the equipment that is required for the removal of debris
and the cleanup of the site. In the event that there is no access to a water source, the use of a water
supply truck will also be essential.

Estimation and experimentation are the two primary methods that are utilized in the process of
determining the operational parameters of the hydro demolition system. Figure 4.11 provides an
overview of the process, which demonstrates that the contractor is the one who initially determines the
equipment operating parameters by drawing from previous experience, the characteristics of the task
itself, and the parameters of the concrete.

On a test area made of solid concrete, hydro demolition is used while the predicted operating parameters
are put into use. Following an examination of the data collected from the test area, the parameters of the
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system are adjusted so as to bring about the necessary shift in the system's mean removal depth. After
that, the system is put through its paces on a segment of deteriorated concrete, and its operating
parameters are changed accordingly. Following that step, the system is ready for use. This procedure
will continue until the concrete reaches the appropriate level of soundness once again.

The results that are produced by the control provided by the microprocessor are reliable and easy to
reproduce. Nevertheless, whenever there is a change in either the concrete material or the task
conditions, the equipment needs to have its calibration adjusted accordingly.

Work Characteristics

Hydro demolition is most useful for projects that need for the substantial removal of defective or
contaminated concrete to a specified depth or degree of soundness across a big, continuous horizontal
region. These kinds of projects are ideal candidates for hydro demolition. The capability of hydro
demolition to remove concrete from around and below the reinforcement in bridge decks while still
operating within the constraints given by the geometry of the equipment makes it an appropriate choice
for removing concrete from bridge decks that include substantial volumes of contaminated or degraded
concrete.

Conservation principles from recommendations

Part 3 of this piece of writing devotes a significant amount of space to an in-depth discussion of the
planning that is involved in the process of repairing, reinforcing, and restoring reinforced concrete
historic structures. The majority of these recommendations for habitat restoration are directed primarily
by using restoration concepts that have already been developed by groups who are engaged in the topic.
These charters and proposals have been drafted in light of the fact that in the past, invasive repairs that
were not properly managed led to the destruction of cultural sites. Therefore, these charters and
recommendations will pose regulations in order to minimize the use of the repair materials and methods
that are used to preserve historic heritages. This will be done in order to save money. Because of this, we
may be assured that the heritages will be protected in the years to come. A concise overview of a few of
the ideas that are thought to act on reinforced concrete heritages is provided in the following.

Authenticity

As a protected structure made of reinforced concrete, the structure's priceless worth can be attributed to
the fact that the materials and components that make up the reinforced concrete heritage have been
authentically preserved. Repair and strengthening interventions should, to the greatest extent possible,
preserve the structure's original idea, construction processes, historical worth (including the historical
value of the materials that make up the structure), as well as the historical evidence that the structure
offers.

Minimum intervention

A minimal level of intervention or repair should be done to a heritage, taking into account both the
damage that currently exists and the severity of the injury. This should be done in order to keep the
amount of work that is done to a minimum. As a consequence of this, the principles of conservation face
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the issue of limiting the need for intervention or repair. This is due to the fact that not all damages to
structures necessitate intervention. Repair treatments have to be carried out dependent on the kind of the
deterioration that has occurred to the reinforced concrete legacy and its degree. However, intrusive
repair procedures like post-tensioning, which would damage the heritage's originality, should be kept to
a minimum as much as possible. Any degradation or distress that takes place in the concrete itself may
have an effect, either directly or indirectly, on the load-bearing reinforcing steel that is embedded in
reinforced concrete. Therefore, the application of the principle of minimum intervention is dependent on
the level of deterioration that has occurred in reinforced concrete structures.

Reversibility of repair

The principles of conservation advise determining whether or not the restoration may be taken apart in
the future without causing any harm to the components that were preserved in their original state. If at
all feasible, any steps that are implemented should be "reversible,” meaning that they may be undone
and replaced with other, more appropriate actions in the event that new information or ideas for repairs
are obtained in the foreseeable future. Interventions should not impair subsequent interventions if there
is any chance that they will not be totally reversible. The materials and procedures used to restore
anything ought to respect not just the original design but also the materials and the techniques that were
used to make it. For instance, repair procedures that use FRP might be considered to be reversible,
whereas patching and placing concrete can be considered to be irreversible..

CONCLUSION

Evaluation, design, and upkeep of historic structures made of reinforced concrete are much more
challenging than those of freshly constructed buildings. In order to accomplish this goal, a more in-depth
knowledge of the mechanisms involved in the degradation of concrete is required. In particular, it is
necessary to have an understanding of how these mechanisms may be related to the climatic
circumstances under which buildings operate, the impacts of material alterations, and the governing
parameters of novel composites. It is quite likely that a mix of two or more different types of structural
restoration methods will be employed in the process of repairing the structure. As a result of its greater
strength as well as the fact that it does not affect the dimensions of the structure in any way, FRP may be
utilized in the process of upgrading load-bearing reinforced concrete structural components. When
paired with patching of the degraded concrete substrate, catholic protection appears to be an acceptable
method for healing corrosion-caused degradation of concrete. However, this method is only effective
when employed alone. If the preferences of the methods, their long-term durability, and their conformity
with the principles of conservation are taken into consideration, then the framework is ideal for the
application of any and all further strategies of bolstering. Not only is it crucial for the durability of the
repair to be compatible with the substrate concrete, but it is also essential for preserving the
originality/authenticity of the structure and its aesthetics. It is essential for repair materials and the
substrate concrete to be compatible with one another. The material property of the repair material and
the substrate concrete, geometry, and other features should match in order to create an efficient repair for
the long term without the need for repeated repairs of the repair. This will eliminate the need for
repeated repairs of the repair.
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