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Abstract— Refractory play a very important role in furnaces 

and where the equipment is in contact with heat. Refractory 

material deals with heat transfer calculation. Without heat 

transfer calculation about lining, designing and engineering 

cannot be performed. 
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I. INTRODUCTION 

"Need is mother of invention", is the most appropriate phrase 

and can be used in regards of all inventions. Need of basic 

requirements like fire, protection from weather, food and 

such other requirements resulted in inventions of tools and 

this is the process of human evolution. The process like power 

generation, steel manufacturing, cement manufacturing and 

such others are discovered during the evolution. Later on 

studying and lot of research work had been conducted to 

optimize and improve the efficiency. It is prior duty and 

responsibility of an engineer to understand such processes 

and suggest innovative and optimum solution and must try 

continuously to provide recent and updated trends for it. 

Cement plant, power generation plant and steel 

manufacturing industries, in all these industries temperature 

plays an very important role, to protect the chamber which is 

made of steel use refractories. 

“What is refractory?” Refractory is inorganic non-

metallic material which can withstand high temperature 

without undergoing physico-chemical change while in 

contact with molten slag, metal and gases. The refractory 

range incorporates fired, chemically and carbon bonded 

materials that are made in different conditions and shapes for 

diversified application. 

Refractory can be diffentciated in two type one is 

unshaped refractory which is called as “Monolithic 

Refractories” (castable) and other is shaped refractory like 

fire brick, precast prefire block (PCPF). For fixing 

arrangements of unshaped refractory needs metallic anchor. 

The main purposes of metallic anchors are to hold refractory. 

Working on “Behaviour analysis of metallic anchoring in 

refractory with experimental set up” to check the physical 

molecular changes in metallic item as well as refractory 

material before and after come in contact with temperature, 

stress and strain during heating and cooling of the system. 

II. LITERATURE REVIEW 

A. Dr. Greg Palmer [1] 

This paper presented is a review on design and failure of 

monolithic refractories structure. 

Refractory has to be decided by the “heat transfer 

analysis “for the section of refractory material selection and 

same way by the temperature has to be decided the metallic 

anchor in oxidization environments. One dimensional heat 

transfer analysis determines the temperature between the 

interface layer of refractory material and shell under perfect 

condition. In one dimensional heat transfer analysis get the 

temperature between the layers of refractory material but 

cannot find the temperature profile for the metallic anchor 

which is embedded in refractory for holding in proper 

position. It has been shown that the temperature of anchor is 

critical in refractory lining design and design life. 

Designing of refractory lining is the engineering 

challenge but understanding of failure mechanism is enabling 

improvements in refractory lining life. Anchor spacing and 

designing is developed by the experience. It has to be applied 

and “It’s a thumb rule”. Anchor spacing and anchor material 

quality selection and refractory material selection is very 

important for increasing the life span of refractory. 

Our research has shown that anchor design needs to 

consider maximum process temperature, corrosion of steel 

when encased in concrete, lining weight the placement of 

anchor relative to the panel centroid, creep rupture stress at 

the maximum temperature and thermal strain on the anchor 

steel. This can be done by non-linear numerical analysis. 

B. N. Patel [2] 

This paper presented is a review of factors affecting on the 

lifespan of cast refractory linings. 

Refractory play a very important role where shell, 

comes in contact with temperature. The number of factors 

affected to the cast refractory life like engineering and 

designing, proper selection of refractory material, according 

to temperature quality (ceramic and metallic) and type of 

anchor to be selected, type of material to supply, installation 

of refractory as per installation procedure and operating 

condition etc. For the installation of refractory material 

require skilled and experienced worker, technique for 

installation for different material, knowledge for the material 

and installation. The proper selection of refractory to be made 

by the heat transfer calculation for getting the proper life of 

cast refractory. 

Life of cast refractory is depending on selection of 

material supply and installation and made it's end use. A 

complex combination of knowledge and skills acquired 

through education and training by all parties involved is 

required in order to ensure that a cast refractory lining reaches 

its full design lifespan. In addition, stringent quality control 

procedures and checks during every stage of the refractory 

lining, from conception to maintenance, should be 

implemented to ensure a maximum-life refractory lining 

installation. 

C. Michael C Walton and Paul A Plater [3] 

This paper presented is on refractory failure and some anchor 

issues. 

In this, the selection of proper quality or proper 

grade of steel to be considered as per temperature. Choice of 
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steel grade to be depends on the high temperature of strength 

and corrosion etc. During designing and engineering it is 

necessary to select proper quality of anchor, proper height of 

anchor and proper quality of welding electrode, with 

appropriate height and diameter of same. The failure of 

refractory not happens only because of improper selection of 

refractory material but also selection of quality of metallic 

anchor and welding electrode for the same. Before 

installation, worker must take care of welding surface where 

welding is done. It must be clean and free from dirt and grease 

particles. 

This paper discusses the possible mechanical cause 

of such failures, with specific reference to weld defects, and 

sigma phase embrittlement, with its deleterious effect on the 

creep strength of various stainless steel and alloys used in 

their manufacture. Recommendations are made as to the 

correct criteria for material section in these applications. 

D. Andrieux, P. Boisse, Y. Dutheillet, V. Gabis, A. Gasser, 

J. Rousseau, [4] 

This paper is about two layer composite shell for anchored 

refractory lining computing. 

In circulating fluidized bed combustors, the 

refractory linings anchored to the steel structure (casing) are 

submitted to important thermal loading which conducts to 

cracking (due to the difference between the thermal 

coefficients). The composite lining means there are two or 

three layers of castable over the shell structure. If specimens 

go with two layer of castable, it has to be selected by the heat 

transfer calculation and the same way selection of proper 

anchor with appropriate height for the same lining. By using 

these forms a specimen can perform bending stress on 

refractory lining of that specimen. 

Refractory may be failure due to temperature 

gradient and thermal expansion difference between two 

material quality layer of refractory. Due to heating and 

cooling high level stress occurs within the castable. Initially 

the hot face material gets exposed to high temperature and 

second layer will get less affected. The two materials having 

different temperature gradient and anchor having different 

temperature gradient. The behaviour of shell, refractory 

material and anchor must be equivalent and in that case 

always temperature of anchor is more and different physical 

behaviour at high temperature. By this paper they have tested 

the decrease of the stiffness by increasing damages around 

the anchor only because of temperature gradient. They have 

tested the direction of crack, and observed it is radial in panel. 

E. C Andrieux, P Boisse, Y Dutheillet, V Gabis and a Gasser 

[5] 

This paper presented is on Damage modelling of refractory 

concrete under thermal solicitations. Thermal expansion may 

occur during the heating and cooling process in refractory 

material and metallic anchor. Because of heating and cooling 

process high level of stress may occur in ceramic and metallic 

part. Because of these stress cracks may be generated and 

lining get fractured. In this study check the damage around 

the single anchor under the stress and thermal gradient come 

on anchor which is embedded inside the refractory. As well 

as this study is cross checked by simulation to find out the 

crack under the same stress and thermal gradient and to check 

the stiffness of the lining due to thermal loading. 

III. SUMMARY OF REVIEW 

The above mentioned researchers investigated only metallic 

anchoring or ceramic anchoring is not responsible for the 

failure of refractory castable. From the present study the 

following conclusion are found out –  

1) Selection of refractory material and lining thickness 

should be appropriate as per temperature requirement. 

Due to temperature metal gets affected which is 

embedded in refractory and castable lining and designing 

also will get affected. 

2) Anchor selection and anchor pitching or spacing and 

height of anchor & type of anchor as per castable must 

be required for the long lifespan of castable. 

3) Welding quality and mechanical failure which produce a 

fatigue failure within a anchor after extensive 

temperature cycling during the campaigns life of 

refractory lining. 

4) Before installation surface must be clean from dirt, 

grease and dust particles.  

5) Electrode size and section must be appropriate as per 

anchor quality and size of anchor. 

6) For increasing the life span of refractory technically skill 

labour's knowledge and experience, is essential. Also 

selection of proper material is needed. 

7) Proper selection of anchor as per temperature is needed 

whether it is metallic anchor or ceramic anchor. 

8) Cracks will form due to difference between thermal 

coefficients. By doing a simulation, crack in one panel 

mostly follow the radial direction. 

9) Because of temperature gradient and thermal expansion 

difference between castable and metal, high level stress 

occurs within the castable on heating and cooling and 

may lead to failure. 

IV. OBJECTIVES 

Refractory materials are such materials which are used where 

metal component have to withstand very high temperature. It 

prevents high temperature to reach to the shell. Optimize use 

of the refractory material is very essential as it is expensive. 

The selection of refractory is essential part as failure in 

refractory leads, time in production process and this down 

time leads to extra cost on production. To avoid this 

downtime the refractory should be performed well during the 

process. 

1) The aim of this project is to view and analyse the failure 

of anchor and refractory. Anchor is very important part 

in refractory which is embedded inside monolithic 

refractory to hold it in position and also act as load 

bearing member. 

2) Purpose of this project to analyse the thermo mechanical 

effect on metallic anchor during testing at temperature. 

3) By this project we can calculate the linear expansion of 

material and anchor. 

4) To check the thermal variation on metallic item at 

different temperatures. 
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