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ABSTRACT 

The metallurgy study of dissimilar welding methods in the pipeline industries, in this 

study of mechanical and metallurgical properties has been attempted in the area of 

dissimilar metal weldments. Dissimilar metal joints have been widely used in many 

applications of chemical, petrochemical, nuclear, and thermal power industries. The 

main excerpts of this review paper are (a) to discuss metallurgical variations along the 

weldment (b) review of microstructural and mechanical properties change in the 

dissimilar weldments studied by researchers 
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1. INTRODUCTION 

Pipe welds are implemented throughout the oil and gas industry joining together sections of 

pipe while maintaining the structural integrity of the pipe. Many times, these pipes serve in 

corrosive environments such as seawater and need protection. The midstream pipes are made 

from low alloy steel (LAS) utilizing their high yield strength at exceptionally low costs. If the 

pipe is servicing what is known as a sour well (containing H2S) the pipe will have an internal 

cladding and groove weld of a corrosion-resistant alloy (CRA) to protect the base metal. 

Externally, a variety of epoxies and coatings can be applied to the surface of the base metal 

offering a corrosive barrier to the seawater. Thermal insulation is then added on top of the epoxy 

to maintain a high internal temperature to prevent the formation of hydrates. Over time the 

insulation can peel off and the coating peels off with the insulation leaving the LAS exposed to 

seawater. This requires the addition of sacrificial anodes to be implemented in the system to 

provide cathodic protection to the structure. These anodes are made from material that is more 

electronegative, such as Zinc and Magnesium so that it will corrode preferentially. Anodes are 

strategically placed throughout the system and the quantity of anodes is often a function of the 

coating type and exposed surface area of the structure being protected. 

Several situations arise in industrial practice, which calls for the joining of dissimilar 

materials. With increasing demand in the application requirements, dissimilar material joining 

becomes inevitable in engineering industries.  
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The materials employed are location dependent in the same structure for effective and 

economical utilization of the special properties of each material [1] 

The adoption of dissimilar metal joint combinations provides possibilities for the flexible 

design of the product by using each material efficiently i.e. benefitting from the specific 

properties of each material in a functional way. The growing availability of new materials and 

higher requirements being placed on materials creates a greater need for joints of dissimilar 

metals. [2] 

The main motive behind this review paper is to know the research, development and 

engineering trends in the field of dissimilar weldments. The detailed literature review with 

reference to mechanical characterization and metallurgical studies has been discussed in this 

paper. Characterization and analysis work of different dissimilar weldments by different 

authors have been discussed. 

2. DISSIMILAR WELDING 

Dissimilar welding refers to the process of connecting materials with different alloys through 

welding. The filler material and both metals need to be evaluated before choosing the best way 

to connect the metals. While fusion welding is a popular method, it does not work well for some 

combinations of metals. 

 

Figure 1: Methods in Dissimilar welding 

3. METALLURGY TESTING FOR DISSIMILAR WELDS 

Micro Structure Evaluation 

Metals and ceramics have ordered structures in atomic levels and their orders in short or long 

ranges would result in crystalline or monocrystalline microstructures on micron scale. On the 

micron scale, microstructures of crystalline materials appear as grains. 

Mechanical Testing for dissimilar welds 

Mechanical property tests applied to weld qualification are designed to determine a small 

number of standard values to check whether the weld metal passes or fails. This approach will 

not reveal the entire range of properties that the weld metal can achieve. For instance, weld 

metal toughness in AWS A5. 

 

 

 



Metallurgy Study on Dissimilar Welding for Pipelines 

3 

Tension Tests 

Tensile testing, also known as tension testing, is a fundamental materials science test in which 

a sample is subjected to controlled tension until failure. The results from the test are commonly 

used to select a material for an application, for quality control, and to predict how a material 

will react under other types of forces. Properties that are directly measured via a tensile test are 

ultimate tensile strength, maximum elongation, and reduction in area.  

From these measurements, the following properties can also be determined: Young's 

modulus, Poisson's ratio, yield strength, and strain-hardening characteristics. Uniaxial tensile 

testing is the most commonly used for obtaining the mechanical characteristics of isotropic 

materials. For anisotropic materials, such as composite materials and textiles, biaxial tensile 

testing is required. 

Shear Tests 

A shear test is designed to apply stress to a test sample so that it experiences a sliding failure 

along a plane that is parallel to the forces applied. 

Bend Tests 

The three-point bending flexural test provides values for the modulus of elasticity in bending, 

flexural stress, flexural strain, and the flexural stress–strain response of the material. This test 

is performed on a universal testing machine with a three-point or four-point bend fixture. 

Fracture and Notch Toughness Tests 

Notch toughness testing is a method used to quantify a material's ability to withstand an impact 

with a flaw present in the material. More specifically, a notch toughness test measures the 

amount of energy a material can absorb. Notch toughness testing is commonly quantified using 

ft-lbs. 

Hardness Tests 

A hardness test is typically performed by pressing a specifically dimensioned and loaded object 

(indenter) into the surface of the material you are testing. The hardness is determined by 

measuring the depth of indenter penetration or by measuring the size of the impression left by 

an indenter. 

Break Tests (Nick and Fillet Weld) 

The Nick Break Test or Fracture is used to determine the quality of a weld, and involves 

breaking open the weld length-wise, and then visually inspecting the exposed weld interior for 

any internal imperfections such as lack of sidewall fusion, lack of inter-run fusion and porosity. 

Weldability Testing 

A weldability test should provide enough information whether a real weld can be successfully 

made or not. The tests could therefore be divided into three main categories, (representative, 

externally loaded and simulative tests), depending on the complexity of the test and the desired 

output 

Specimen preparation for material testing 

Proper preparation of metallographic specimens to determine microstructure and content 

requires that a rigid step-by-step process be followed. In sequence, the steps include sectioning, 

mounting, course grinding, fine grinding, polishing, etching and microscopic examination. 
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4. CONCLUSION 

The dissimilar welding methods and their advantages and applications noted of this paper is to 

present the research and development status of different dissimilar weldments by researchers 

worldwide. A detailed analysis of problems faced during the welding of dissimilar metal joints 

for different metal combinations has been discussed.  

Analysis of weldments with respect to the parent metal, heat-affected zone, and weld metal of 

joints by mechanical property variations and metallurgical feature studies has been shared. The 

paper provides a detailed literature review of various dissimilar metal weldments, mechanical 

and physical joint properties, microchemistry, and property variation across dissimilar 

weldments. The review has presented the application of different metal joints, and their 

problems related to failures in their service areas. 
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