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ABSTRACT 

The study aimed to identify the causes of erosion of reinforced concrete in projects, and to develop some solutions and proposals for these 
problems, by identifying the types of modern additives and chemicals that are used by giant companies to improve the quality of reinforced 
concrete, and ensure the safety of facilities. 
The results of the study concluded that it is necessary to study the construction sites from a geological point of view to identify the type of 
soil on which the building will be built, and to determine the purpose of the building, whether it is a residential building or an administrative 
building or a factory ... etc., to determine the live mechanical loads on the building, the materials used, and the additions Suitable for this 
purpose with concrete, in order to ensure the quality and safety of buildings, and to extend their life. Without eroding the concrete, or be-
ing affected by the surrounding environmental factors, and what guarantees the reduction of losses in facilities and the general safety of the 
building and individuals, and to ensure the success of the project for which the building was built. 
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Introduction : 

Before identifying the causes of erosion of reinforced concrete, it is necessary to identify the components of reinforced concrete 

and its various components to find out the causes that lead to these problems, such as corrosion in concrete structures, and affects 

the safety of engineering facilities. 

The Romans are considered the first to use concrete in history, about 2000 years ago, and it was used in most of their buildings 

because of its ease of formation, and the possibility of implementing it with a simple trained labor (Maragh, 2019). The process of 

cohesion between them. 

Reinforced concrete structure is a structural structure formed after concrete is poured into the formwork after placing the rein-

forcing steel in these formwork. Rebar combined with concrete increases the tensile strength, that is, the bending strength of the 

concrete frame. (Allahyari, et al., 2021) 

Study Problem : 

The problem of the study is summed up in what concrete structures are exposed to in different environments from erosion fac-

tors, and damage negatively on their durability and durability. 

Concrete corrosion can be divided into two basic types: (concrete damage, steel strength corrosion), and the causes that lead to 

these two types include one or more mechanisms of mechanical, physical, structural, chemical, biological, or steel corrosion. The 

most common cause of this type of wear and tear is the wear of conventional carbon steels (black steels), pressed steels, and post-

tensioned rebar. (Wang, et al., 2019) 

 

Figure. (1-A) : Concrete slab corrosion from not using trapped air additives 

It is clear from Figure (A) the erosion of the concrete slab from not using trapped air additives. 

 

Figure. (2-B) : Concrete sample to which the trapped air release material has been added 

Figure (B) shows a concrete sample to which these additives were added. The two samples were exposed to the same low tem-

peratures and the same environmental conditions. 
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The study is an attempt by the researcher to identify the most important and widespread causes of erosion of reinforced con-

crete, and to try to develop some solutions to these problems to reduce them, as follows: 

First Axis: Reinforced Concrete : 

 [1] Characteristics of reinforced concrete: 

Reinforced concrete has many characteristics that distinguish it from other materials, as it gradually takes the form of a solid sol-

id with time, and begins with initial doubt, then final doubt, as well as it is very resistant to pressure, and at the same time very weak 

in its resistance to pressure, so ordinary concrete is not used in places that occur has pressure. (Ata El-kareim, et al., 2021) 

As for iron, it is generally resistant to tensile and pressure forces, while long iron bars can withstand all tensile forces, and at the 

same time, concrete cannot bear to the same degree all compressive forces as a result of its denting that may occur if its sectors are 

thin, and accordingly we find that a composite of concrete materials Iron gives an ideal material to resist the various stresses affect-

ing it, and this compound is what gives an ideal material to resist the different stresses affecting it, and this compound is what is 

known as reinforced concrete, and concretes vary a lot nowadays as a result of their components such as: (Dongyun, et al., 2021) 

 Concrete mortar: It consists of mixing asphalt or with sand and cement mortar. 

 Ordinary concrete: It may be called asphalt concrete, and it works by mixing ordinary gravel with sand and cement mortar. 

 White concrete: It consists of mixing white broken stone with sand and cement mortar. 

 Brick-breaking concrete: It consists of mixing broken bricks with sand and cement mortar. 

 Reinforced concrete: It consists of using iron skewers with the regular concrete mix. 

[2] Types of reinforced concrete : 

There are many different ways to prepare reinforced concrete, which gives it common characteristics and names, among which 

we mention the most common types, namely : 

 [A] Concrete poured on the site : 

This concrete is prepared by placing rebar on the concrete model on the site according to the construction drawings of the build-

ing, and then pouring concrete on it after mixing it well. This type of concrete is the most widely used type. (Malekipoura, et al., 

2021) 

 [B] Precast Concrete : 

Precast concrete units may be produced in typical shapes and sizes in the factory equipped for that, then special transport vehi-

cles are transported to the site and installed in the building using mechanical hoists, or concrete pieces are poured at the edge of the 

building site and then installed in their location in the building with a crane, and there are many factories and companies that work 

This type of concrete is in another way, where complete units are manufactured by preparing them in a private factory, such as 

manufacturing a complete bathroom or kitchen. (Mojtaba, 2021) 

 [C] Prestressed Concrete : 

The idea of pre-stressed concrete is that it is a composite of high-resistance concrete and iron, as the pre-stress has an anti-stress 

effect on the stresses resulting from the loads affecting the structural element, which ultimately increases its ability to withstand live 

and dead loads affecting it, as well as the process of prestressing in reducing From bending and cracks that can occur in the concrete 

part. (Hesam, et al., 2021) 

   There are other types of concrete that have special properties such as : 

 reinforced concrete poured under water. 

 Fire-resistant reinforced concrete. 

 Reinforced concrete resistant to atomic radiation. 
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 Reinforced concrete dams. 

 Colored reinforced concrete. 

 Reinforced concrete against bombs. 

 Reinforced concrete for earthquake resistance. 

[D] Armament : 

Reinforcing steel bars for concrete consist of ordinary mild steel, called steel 37, or high-strength steel, called 52, and the per-

centage of carbon in it is 0.25% - 0.50%. There is also steel, iron, tensile strength of 60 kg / mm, which gives greater safety in con-

crete structures and provides in the use of iron. (Yong, et al., 2021) 

And rolled iron is used a lot, and it shows a strong cohesion with concrete when it is intended, and extracting iron from concrete 

depends on the degree of compression strength of the concrete itself. (Mojtaba, 2021) 

The second axis: problems of corrosion of reinforced concrete : 

All facilities need to isolate their buildings completely from moisture, rain, ground and surface water and their filtration. One of 

the disadvantages of the effect of moisture and leaching water on buildings is that it helps to damage the elements of its structural 

and building materials, which leads to a shortening of the life of the building other than rotting of these materials and the emission 

of unpleasant odors from them to the owners of the building with Insects, mice, etc. (Philipp, et al., 2021) 

Among the most important problems of concrete erosion affecting the building and resulting from many sources : 

[A] Orientation of the building: The walls that receive a permanent splash of rain and a little sunlight make them damp, and accord-

ingly we find the orientation of the building plays a major role in the way of isolating the building from moisture. (Abedulga-

der, 2021) 

[B] Rain water : The amount of its fall varies from one place to another. Usually, rain water represents a danger to buildings that are 

not equipped with moisture barriers due to the ability of water to directly penetrate the roof of the building and its various 

elements. Therefore, the ceiling and the lining must be isolated from moisture. Moisture can also penetrate the external 

walls exposed to rain. Severe if a suitable insulator does not work for her. (Neumann, 2021) 

[C] Flat water: It consists of rivers, seas, or swamps formed as a result of rain or torrents. Sometimes this water mixes with the 

ground soil, and areas of water-saturated mud are formed near the foundations of the building, and some of this water may 

seep into the soil and collect groundwater, thus increasing its level. Water reaches the foundations of the building close to it, 

which threatens the building if an insulator does not work for it from the effect of this water. (Ivan, 2021) 

[D] Groundwater: It is the water formed under the surface of the earth and passes through the pores of its soil until it settles at a 

level that is almost constant for each region. Therefore, the soil near the groundwater is usually saturated with water and it is 

not preferable to penetrate into the basements of buildings in this area without work. There are barriers to water, otherwise 

wetness or flooding will occur inside these basements. (Chao, et al., 2021) 

[E] Rise of ground moisture: Moisture rises from the soil under the origin to the floor of the ground floor or basements in buildings 

by capillary property through the pores of the soil and the building materials used in the building. (Ahmed, et al., 2021) 

[F] Condensation: Cold air contains less vapor than hot air, and therefore moisture is deposited in walls, ceilings and floors when the 

hot, moisture-laden air cools. (Dongzhi, et al., 2021) 

[G] Poor water drainage in the site: a collection of wastewater occurs under the building if it is difficult to drain it from the low lands 

of the site, especially if the soil of the site is impermeable to water, and accordingly moisture and erosion occur for these 

buildings built on those lands. (Zhiqiang, 2021) 

 

GSJ: Volume 10, Issue 1, January 2022 
ISSN 2320-9186 1707

GSJ© 2022 
www.globalscientificjournal.com



The third axis: Solutions and suggestions to avoid the erosion of reinforced concrete : 

In light of the foregoing, and the many causes of reinforced concrete erosion observed, there are some solutions and proposals 

that may contribute to reducing concrete erosion, and they are as follows : 

[1] Choose the type of insulator : 

The following main elements must be taken into account when determining the type of moisture and water insulating layers in 

the building, as well as the economic and rich aspect of them. 

[A] The purpose of insulation in buildings : (Hamed, et al., 2021) 

 Insulate the ground moisture. 

 Moisture insulation for basements and below. 

 Isolate moisture from bathrooms and the like. 

 Isolate moisture from ceilings and upper surfaces 

[B] The nature of the land on which the buildings are erected : (Dongyun, et al., 2021) 

 Dry sandy or rocky land. 

 Dry clay soil. 

 A muddy land saturated with water. 

 Muddy or sandy soil prone to water intrusion from surrounding sources. 

[C] The nature of the atmosphere in the areas on which the buildings are erected : (Malekipoura, et al., 2021) 

 Moderate humidity, light rain. 

 Moderate humidity, moderate rain. 

 High humidity and a lot of rain. 

 An atmosphere prone to snowfall. 

After determining the type of moisture and water insulating layers in the building, in addition to the economic and rich aspect of 

them, the moisture insulating materials can be divided as follows : 

[2] Flexible insulation material : 

Flexible insulating materials are suitable to be placed in the walls of buildings due to their ability to withstand the slight slump of 

buildings without breaking or crushing if compared to non-flexible or rigid insulating materials, and their quality can be divided into 

materials that have the possibility of insulation only and materials that are weak and insulating, and the most important of these 

materials are : 

 Metal panels: They are panels that are used to insulate strongly against moisture and water in roofs, walls, floors, flower 

boxes, etc. Besides, they can be made materials. Metal panels have many shapes: (lead panels, copper panels, aluminum 

panels, galvanized iron panels, stainless steel panels). (Mohammad, et al., 2021) 

 Bitumen: bitumen is made from what is left of the distillation of crude petroleum oils, as its texture ranges between hard 

and semi-hard, and its color ranges between black and brown, and it is soluble in carbon sulfur. ) is less than 2%, and this 

material is considered of the quality with the possibility of insulation only, and among the most famous types used in mois-

ture insulation: (blown [oxidized] bitumen, hardened bitumen, bitumen suspensions). (Rajput, et al., 2021) 
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Figure. (3-C) : Coil and spray film for moisture insulation of concrete surfaces 

 Water-insulating liquid: This liquid is made from mixing paraffin with volatile oil, where the liquid mixture is painted with 

the mattress or sprayed with special spray machines on the areas of buildings permeable to water above the level of the 

ground surface, and this method can be relied on to prevent moisture from 3-5 years depending on the type of material 

And how it is exposed to moisture, and this material can also be considered of the quality with the possibility of insulation 

only. (Reza, et al., 2021) 

 Polyethylene tarpaulin: It is black in color and is used as an insulating material for buildings. Its thickness must be at least 

0.46 mm and its weight is about 0.48 kg / m 2. Polyethylene is a flexible material that resists the dent resulting from the 

landing of light buildings without damage, and due to the thin density of this linoleum. As for bitumen, it is preferable to 

put it in building mortar welds, as well as in isolating bathrooms and showers, and there are transparent types of low water 

permeability called vapor barriers, and they are always used to trap moisture in buildings as well, and this material can be 

considered of the quality with the possibility of insulation only. (Hao, et al., 2021) 

 

Figure. (4-D) : A layer of insulating material for concrete surfaces spread by a spray device 

[3] Semi-rigid insulating materials : 

They are moisture insulating materials that are always used in buildings due to their ease of processing and formation in the 

place to be isolated, and their quality can be divided into materials with the possibility of insulation only and materials that are insu-

lating and insulating, and the most important of these materials are :  

 Asphalt: It is a good insulator for moisture, and one of its disadvantages is that it does not bear high tensile strength and 

dents, especially when descending a light building. Asphalt cracks and damages and is prone to water penetration. There-

fore, it is not preferred to place it in these places except after a special study. There are three types of asphalt that are fre-

quently used in buildings as follows. : (natural asphalt, synthetic asphalt, mastic asphalt). (Bin, et al., 2021) 

 Moisture-blocking rolls: This material can be considered of the quality with the ability to isolate and wet together, and it is 

the most widely used type for insulating water and moisture in roofs. The insulating layer for roofs usually consists of plac-

ing 2-3 rolls of asphalt felt on top of each other, where they are attached to hot paint or bitumen, and the number of Felt 

layers according to the strength of the hydrostatic pressure of the water to be prevented from penetrating through it to the 

buildings, and the floors and walls on which the insulating layer is to be placed must be prepared to be smooth, dry and 

free from any impurity that prevents these materials from sticking to them. (Zhang, 2021) 
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 Asphalt pieces with a thin layer of metal on it: This material can be considered of the quality with the possibility of insulat-

ing and insulating together. It is made of asphalt material and a very thin material of metal such as aluminum or otherwise 

is affixed to it. This material is usually placed to isolate moisture and heat as well inside the walls. and ceilings or on end 

surfaces as a finishing material for them. (Zhen, et al., 2021) 

[4] Solid insulation material : 

They are moisture insulating materials that are used in buildings due to their ease of processing, in addition to that some of 

them are materials that have the possibility of insulation only, and others have the possibility of insulation, and they can be listed in 

the following : 

 Cement plaster: It can work as an insulation material, but in order to be used as an insulation material, it stipulates the 

need to increase the amount of cement than what it is in the case of ordinary plaster of mortar, but one of the disad-

vantages of this material is that it needs repair, maintenance and restoration. (Roz-Ud-Din, et al., 2021) 

 Water-insulating additives: a Liquid substance that is mixed as an additive for mortar and helps stop water permeability by 

filling the spaces between concrete or mortar grains, in addition to accelerating the chemical process of cement formation 

activity, and these materials include: (hydro-lime, acidic fat, iron powder, and other materials Sikka or other modern chemi-

cals such as adicrete and so on), and these materials are made either in the form of a powder or a liquid paste. Ratio 5:1 

Material: water or according to the proportions indicated in the specifications for the manufacture and operation of differ-

ent materials, each according to its type. (Qing, et al., 2021) 

 Plastic layer: It is a material with the possibility of insulation, and it is manufactured layers that are used as insulation mate-

rials or decorative panels, and after treatment it is characterized as insulating from moisture and heat, and many people 

prefer to use this material in covering walls and foundations. (Xing, et al., 2021) 

 Pottery tiles: They are materials with the possibility of insulation made of good pottery material and used to cover inclined 

surfaces. They are good insulation for moisture and water. They are considered durable materials as they protect ceilings 

for long periods from rain water and give a variety of aesthetic forms in attractive colors and can be re-coated with enamel 

in the required colors. The following conditions must be met in the tiles used: (completely burnt, free from holes or cracks, 

smooth surface). (Xing, et al., 2021) 

[5] Add concrete chemicals : 

Concrete additives have many uses, whether they are used in the on-site mixing process or in central mixing stations or in ready-

made concrete factories or prestressed concrete. Fulfill quick orders as additives are used to get early stresses for these items, in-

cluding : 

 

Figure. (5-E) : A layer of insulating material for concrete surfaces spread by a spray device 

A 

B 
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It is clear from the previous figure that the vast difference between concrete in Figure (A) , Concrete in Figure (B) and in Figure (A) 

is concrete with the addition of concrete fluidity materials, And in Figure (B) concrete without any additives, which occurs in nesting, 

weakness and erosion in concrete. 

 [A] Addition to increase operating resistance (Workability) : 

The purpose of these additives is to facilitate the transfer of concrete and ease of pouring it into the chopping without separating 

its granules, and this thus helps to prevent the occurrence of nesting in the concrete, and the resulting weakness of the concrete, its 

erosion and the occurrence of rust as a result of the leakage of chlorides through the pores of the nesting, and the additives come in 

the form of a liquid added to the mixing water At rates ranging from 0.1% to 0.5% of cement, according to the design mixture. (Pra-

deep, et al., 2021) 

 [B] Air Entraining : 

Trapped air additives are one of the latest additions, as concrete designed by producing trapped air inside gives it the following 

properties: (Sundar, et al., 2021) 

 High resistance to weather conditions and ice. 

 Increased operability. 

 Increased endurance over time. 

 Reduce granulomatous separation. 

 Light concrete production. 

 Reduce the mixing water. 

This type of additive is used in road concrete in cold areas and in important installations. The materials that are added to con-

crete for this purpose are divided into two parts: (substances added to create foam, materials added to create gas and bubbles), 

which are materials that are added during mixing, causing foam, such as natural products and soap. Sulfonics, and must be added in 

limited proportions and according to the design mixture, and be in proportions ranging from 0.1% to 0.5%. 

The materials that are added to create the trapped gas: They are materials that create gas, such as hydrogen gas, such as zinc 

and aluminum powder. 

[C] Accelerating : 

They are additives that reduce the time of doubt and increase the hardening of concrete, and thus speed up the doubt. These 

additives have the following advantages: (obtaining early resistance to concrete, early dismantling, reducing processing of concrete, 

frost resistance), and one of the most famous materials used in this is calcium hydrochloride, but it is recommended After using the 

additives containing that chloride because of the many damage it causes to the rebar, and there are other materials for this purpose 

of organic compounds or silicate, and the proportions must be well studied according to the time of doubt required with taking the 

necessary precautions during casting such as covering concrete in hot weather, These materials are added to the water in propor-

tions ranging from 0.1% to 0.05% according to the design mixture, and the validity date must be checked and good storage care 

should be taken away from the heat of the sun and moisture, with the supplies matching the approved samples. (Haitham, 2021) 

[D] Add-ons slow down (Retarded) : 

It is one of the important modern additives that are used in concrete mixing vehicles and in pouring oil wells, where large works 

are taking place, and they must be additives that slow down the uncertainty calculated and in measured doses according to the de-

sign mixtures and according to the required stresses and the specified uncertainty time, and these additives are also used in hot cli-

mates for fear of rapid initial suspicion It is also used in concrete with prominent aggregates, where a quantity of these additives is 

placed on the surface required for the appearance of this gravel as a type of decoration. Among the most popular materials used in 

reducing doubt are gypsum, copper sulfate, cellulose products, shell molasses, and starch. It is not recommended to use sugar, hon-

ey, These materials are added in proportions ranging from 0.05% to 0.5% of the weight of the cement according to the appropriate 
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design mixture for use, with the need to review the validity of the additives and their conformity to the samples, ensuring the quality 

of storage, production date and validity. (Chia, et al., 2021) 

[E] Water-blocking additives : 

Among the most important and oldest additives that give concrete a high resistance to water permeability, the idea of these ad-

ditives depends on filling the internal voids by interacting with cement: such as sodium silicate (glass water) or potassium silicate, 

and fillers may be used to perform this role such as kaolin, lime or slag, And the dose of these materials must be in a limited propor-

tion according to the designed mixture, which ranges between 0.02% to 0.05% of the weight of the cement, with a review of validity, 

production, storage, and conformity of supplies to the approved and tested samples. (Maragh, 2019) 

[F] Shrinkage and volume change additives : 

These additives are used to treat concrete expansion as a result of heat. It is also important to reduce the occurrence of cracks in 

concrete. The engineers must take care of this. To prevent this, a good gradual aggregate must be used, the use of a quantity of ce-

ment and water according to the design mixture, and there are some chemicals that increase their size by oxidation, which fills the 

air spaces and equalizes This volume increase shrinks the concrete and increases its strength.  (Wang, et al., 2019) 

[G] Water reducing : 

This type of additive gives concrete a good workability and a suitable texture in the case of a comparison between concrete with 
the normal ratios of water to cement, and the concrete used has high and low mixing water reducing additives. sulfonate, hy-
droxycarboxylic acid, as well as melamine formaldehyde. (Dongyun, et al., 2021) 

 

Discussion and results : 

Concrete is exposed to erosion due to several factors, the most important of which is its exposure to various chemicals, especial-
ly in chemical factories, sugars, dairy, meat, and food factories in general, (Malekipoura, et al., 2021) as well as fertilizer factories. 
Erosion of floors, increasing loads on foundations, especially in factories, exposing concrete to earthquakes and tremors, changing 
the use of the facility for a purpose that is not designed on its basis, (Mojtaba, 2021) such as converting an ordinary residential build-
ing into a school, hospital, building or storehouses without regard to the live mechanical loads, and exposing the installations to a 
high or low water level The groundwater contains salts, (Hesam, et al., 2021) acids and alkalis that are harmful to concrete and steel 
reinforcement. 

Therefore, the construction sites must be studied from a geological point of view to identify the type of soil on which the con-
struction will be built, and to determine the purpose of the construction, whether it is a residential building, an administrative build-
ing, or a factory ... etc., to determine the live mechanical loads on the building, and to determine the materials used, and the appro-
priate additives For this purpose with concrete, in order to ensure the quality and safety of buildings, and to extend their life without 
eroding the concrete, or being affected by the surrounding environmental factors, and what ensures the reduction of waste in facili-
ties and the general safety of the building and individuals, and to ensure the success of the project for which the building is built. 

References 

[1] Abedulgader. Baktheer, ; Henrik. Becks., (2021) : Fracture Mechanics Based Interpretation Of The Load Sequence Effect In The Flexural Fatigue Behavior Of 
Concrete Using Digital Image Correlation, Construction And Building Materials, Vol. (307), Pp. 1-15. 

[2] Ahmed. Kamara, ; Mahmoud. Lasheenb, ; Amr. Shaatc, ; Amr. Zaherc, ; Ayman. Khalilc., (2021) : Factors Affecting Slip And Stress Distribution Of Concrete 
Slabs In Composite Beams, Engineering Structures, Vol. (245), Pp. 252-263. 

[3] Allahyari , Hamed., ; Heidarpour , Amin., ; Shayan, Ahmad., (2021): Experimental And Analytical Studies Of Bacterial Self-Healing Concrete Subjected To Alka-
li-Silica-Reaction, Construction And Building Materials Journal, No. (310), Pp. 125-149. 

[4] Ata El-Kareim Shoeib,; Awad M. EL-Hashmy,; Ahmed N. Arafa,; Ahmed S. Sedawy (2021) : Analysis Of The Shear Strength Of Hybrid Materials Bars In Rein-
forced Concrete Beams Without Stirrups, Materials Today: Proceedings Journal, Vol. (4), No. (3), Pp. 325-331. 

[5] Bin. Zhanga, ; Waqas. Ahmad, ; Ayaz. Ahmad, ; Fahid. Aslamd,; Panuwat. Joyklade., (2021) : A Scientometric Analysis Approach To Analyze The Present Re-
search On Recycled Aggregate Concrete, Journal Of Building Engineering, Vol. (241), Pp. 225-235. 

[6] Chao. Liua, ; Xianggang. Wanga, ; Yuning. Chena, ; Chao. Zhanga,; Lei. Maa, ; Zhicong. Denga, ; Chun. Chena, ; Yamei. Zhanga, ; Jinlong. Panc, ; Nemkumar. 
Banthiad., (2021): Influence Of Hydroxypropyl Methylcellulose And Silica Fume On Stability, Rheological Properties, And Printability Of 3D Printing Foam 
Concrete, Cement And Concrete Composites, Vol. (122), Pp. 101-115. 

[7] Chia. Min. Ho, ; Shu. Ing. Doh, ; Mohammad. Al-Btoush. ; Xiaofeng,; Siew. Choo. Chin., (2021) : The Impact Of Alkali Activator Dosage On The Compressive 
Strength And Water Absorption Of Steel Slag Concrete, Materials Today: Proceedings, Vol. (233), Pp. 178-184. 

[8] Dongyun, Liua, ; Yongming Tua, ; Gabriel Sas, ; Lennart Elfgren., (2021): Freeze-Thaw Damage Evaluation And Model Creation For Concrete Exposed To 
Freeze–Thaw Cycles At Early-Age, Construction And Building Materials, No. (312), Pp. 1-13. 

GSJ: Volume 10, Issue 1, January 2022 
ISSN 2320-9186 1712

GSJ© 2022 
www.globalscientificjournal.com



[9] Dongyun. Liua, ; Yongming. Tua, ; Gabriel. Sasc, ; Lennart. Elfgrenc., (2021) : Freeze-Thaw Damage Evaluation And Model Creation For Concrete Exposed To 
Freeze–Thaw Cycles At Early-Age, Construction And Building Materials Journal, Vol. (312), Pp. 225-233. 

[10] Dongzhi. Guana, ; Zixuan. Chena, ; Jiabin. Liua, ; Zhiyi. Lina,; Zhengxing. Guo, (2021) : Seismic Performance Of Precast Concrete Columns With Prefabricated 
UHPC Jackets In Plastic Hinge Zone, Engineering Structures, Vol. (245), Pp. 1-12. 

[11] Haitham. Saeed., (2021) : Properties Of Polymer Impregnated Concrete Spacers, Case Studies In Construction Materials Journal, Vol. (15), Pp. 360-366. Journal 
Homepage: Www.Elsevier.Com/Locate/Matpr  

[12] Hamed. Allahyaria, ; Amin. Heidarpoura, ; Ahmad. Shayan., (2021): Experimental And Analytical Studies Of Bacterial Self-Healing Concrete Subjected To Alka-
li-Silica-Reaction, Construction And Building Materials, Vol. (310), Pp. 110-122. 

[13] Hao. Baoa, ; Gang. Xua, ; Min. Yuc, ; Qing. Wanga, ; Rende. Lib, ; Mohamed. Saafid, ; Jianqiao, Yed., (2021) : Evolution Of ITZ And Its Effect On The Carbonation 
Depth Of Concrete Under Supercritical CO2 Condition, Cement And Concrete Composites, Vol. (354), Pp. 612-624. 

[14] Hesam, Doostkamia, ; Marta, Roig-Floresb, ; Pedro, Sernaa., (2021): Self-Healing Efficiency Of Ultra High-Performance Fiber-Reinforced Concrete Through Per-
meability To Chlorides, Construction And Building Materials, Vol. (310) , Pp. 1-13. 

[15] Ivan. Trabucchia, ; Giuseppe. Tibertia, ; Antonio. Confortia, ; Filippo. Medeghinib, ; Giovanni. A. Plizzari., (2021) : Experimental Study On Steel Fiber Reinforced 
Concrete And Reinforced Concrete Elements Under Concentrated Loads, Construction And Building Materials Journal, Vol. (307), Pp. 360-373. 

[16] Malekipoura, Mohammad., ; Moodi, Faramarz., (2021) : A Novel Approach To Improve Quality Of Delivered Concrete Using Slump Estimations Of The Ready-
Mixed Concrete (RMC) Truck Mixer, Journal Of Building Engineering, Vol. (44), No. (14), Pp. 340-352. 

[17] Malekipoura. Mohammad, ; Moodi. Faramarz., (2021) : A Novel Approach To Improve Quality Of Delivered Concrete Using Slump Estimations Of The Ready-
Mixed Concrete (RMC) Truck Mixer, Journal Of Building Engineering, Vol. (44), Pp. 445-456. 

[18] Maragh JM, Weaver JC, (2019) : Large-Scale Micron-Order 3D Surface Correlative Chemical Imaging Of Ancient Roman Concrete, Vol. (14), No. (2), MEDLINE  
Journal, Pp. 299-314. 

[19] Mohammad. Albiajawi, ; Rufaidah. Wahppe. Alkasawneh, ; Sahar. A. Mostafa, ; Izwan. Johari, ; Rahimah. Embong, ; Khairunisa. Muthusamy., (2021) : Perfor-
mance Of Sustainable Concrete Containing Recycled Latex Gloves And Silicone Catheter Under Elevated Temperature, Journal Of King Saud University - Engi-
neering Sciences, Vol. (21), Pp. 314-330. 

[20] Mojtaba, Nilia., ; Ali Akbar Ramezanianpoura,; Jafar Sobhanib., (2021) : Evaluation Of The Effects Of Silica Fume And Air-Entrainment On Deicer Salt Scaling 
Resistance Of Concrete Pavements: Microstructural Study And Modeling, Construction And Building Materials, Vol. (308), No. (12), Pp. 604-615. 

[21] Neumann. Junior., ; Faria. E.F., ; Dos Santos., (2021) : Concrete Leaching Of A Hydroelectric Powerhouse Due To 40 Years Of Exposure To River Water, Con-
struction And Building Materials, Vol. (302), Pp. 401-411. 

[22] Philipp. Schmidt., ; Jan. Ungermann., ; Josef. Hegger., (2021) : Contribution Of Concrete And Shear Reinforcement To The Punching Shear Resistance Of Column 
Bases, Engineering Structures Journal, Vol. (245), Pp. 333-347. 

[23] Pradeep. Kumar, ; Shahul. Hameed., (2021) : Experimental Study On The Behaviour Of Steel Fibre When Used As A Secondary Reinforcement In Reinforced 
Concrete Beam, Materials Today: Proceedings, Vol. (6), No. (5), Pp. 1-8. 

[24] Qing. Wang, ; Jia-Liang. Le, ; Xiaodan. Ren., (2021) : Numerical Modeling Of Delayed Damage And Failure Of Concrete Structures Under Sustained Loading, 
Engineering Structures, Vol. (245), Pp. 225-236. 

[25] Rajput. B.L., ; Pimplikar. S.S., (2021) : Abrasion And Impact Resistance Of Concrete Produced With Nano-Silica, Materials Today: Proceedings,  Vol. (45), No. 
(14), Pp. 222-235. 

[26] Reza. Homayoonmehrb, ; Ali. Akbar. Ramezanianpoura, ; Mohammadamin. Mirdarsoltany., (2021) : Influence Of Metakaolin On Fresh Properties, Mechanical 
Properties And Corrosion Resistance Of Concrete And Its Sustainability Issues: A Review, Journal Of Building Engineering, Vol. (407), Pp. 211-231. 

[27] Roz-Ud-Din. Nassara, ; Parviz. Soroushianb, ; Muhammad. Sufyan-Ud-Dinc., (2021) : Long-Term Field Performance Of Concrete Produced With Powder Waste 
Glass As Partial Replacement Of Cement, Case Studies In Construction Materials, Vol. (15), Pp. 745-755. 

[28] Sundar. Rathnarajan, ; Dhanya. Radhakrishna, ; Pillai. Ravindra. Gettu,; Manu. Santhanam., (2021) : Carbonation Model For Concretes With Fly Ash, Slag, And 
Limestone Calcined Clay - Using Accelerated And Five - Year Natural Exposure Data, Cement And Concrete Composites Journal, Vol. (210), Pp. 136-149. 

[29] Wang, X., ; Huang, Y., ; Huang, Y., ; Zhang, J., (2019): Laboratory And Field Study On The Performance Of Microcapsule-Based Self-Healing Concrete In Tunnel 
Engineering, Constr. Build. Mater. 220, 90–101. 

[30] Xing. Lia, ; Jiwen. Zhanga, ; Bei. Liua, ; Hailou. Jianga, ; Xinzhe. Mina., (2021) : Bond Stress Distribution Analysis Between Non-Prestressed Steel Strand And 
Concrete In Novel Beam-To-Column Connection, Engineering Structures, Vol. (242) , Pp. 1-16. 

[31] Yong, Yua, ; Zuquan, Jina, ; Shuangshuang Shaoa, ; Xiaoying Zhanga, ; Ning Lia, ; Chuansheng Xionga., (2021) : Evolution Of Temperature Stress And Tensile 
Properties Of Concrete During Steam-Curing Process, Construction And Building Materials Journal, Vol. (305) , Pp. 222-232. 

[32] Zhang. Pengjua, ; Wei. Weib, ; Shao. Zhushana, ; Qiao. Rujiab., (2021) : Effect Of Moisture On Concrete Damage And Aggregate Recycling Under Microwave 
Irradiation, Journal Of Building Engineering, Vol. (Xxx) , Pp. 264-275. 

[33] Zhen. Huang, ; Xin. Miaob, ; Jie. Shenb, ; He. Lib, ; Jiwen. Zhanga, (2021) : Experimental Investigation On Shear Behavior Of Concrete Beams With CFRP Grid 
Shear Reinforcements, Structures Journal, Vol. (33) , Pp. 3081-3093. 

[34] Zhiqiang. Dong, ; Tianhao. Han, ; Bai. Zhang, ; Hong. Zhu, ; Gang. Wua, ; Yang. Wei, ; Pu. Zhangc., (2021) : A Review Of The Research And Application Progress 
Of New Types Of Concrete-Filled FRP Tubular Members, Construction And Building Materials, Vol. (312), Pp. 19-31. 

GSJ: Volume 10, Issue 1, January 2022 
ISSN 2320-9186 1713

GSJ© 2022 
www.globalscientificjournal.com




