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ABSTRACT  

This study is conducted to assess the influence of post weld heat treatment on hardness value. The purpose of this 
study is to measure and analyse the hardness value before and after post weld heat treatment (PWHT) with three different 
soaking temperatures and three ASTM A36 carbon steel specimens. The specimen is welded by using Shielded Metal Arc 
Welding (SMAW) process and the AWS E6013 electrode is used with welding current range from 90A-100A. All the 
specimens were inspected using Ultrasonic Testing (UT) before and after post weld heat treatment (PWHT) process. The 
specimens in PWHT process were subjected to three different soaking temperatures which are 490°C, 540°C, and 610°C. 
The Brinell hardness testing process is the last process where the result is observed from hardness value and it can be 
concluded that by decreasing the hardness value of the welded structure, the brittle fracture risk and improve the ductility 
will be minimized. 
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INTRODUCTION 

Post Weld Heat Treatment (PWHT), or stress 
relief as it is sometimes known, is a method for reducing 
and redistributing the residual stresses in the material that 
have been introduced by welding. The extent of relaxation 
of the residual stresses depends on the material type and 
composition, the temperature of PWHT and the soaking 
time at that temperature. The welding process generally 
involves melting and subsequent cooling, and the result of 
this thermal cycle is distortion if the welded item is free to 
move or residual stress if the item is securely held. There 
comes a point when the amount of residual stress can 
create potential problems, either immediately or during the 
life of the welded structure, and it needs to be reduced or 
removed. Post weld heat treatment is the most widely used 
forms of stress relieving on completion of fabrication of 
welded structures. The principle is that as the temperature 
is raised, the yield stresses and the elastic modulus of the 
material fall. A point is reached when the yield stress, no 
longer supports the residual stresses and some localized 
plastic deformation occurs. 
 
EXPERIMENTAL METHOD 
 
Tested material 

ASTM A36 plate is a carbon steel that exhibits 
good strength coupled with formability. It is easy to 
machine and fabricate and is weldable. The steel can be 
galvanized to provide increased corrosion resistance 
(ASTM A36). The A36 plate can be used for a wide range 
of applications, depending on the thickness and corrosion 
resistance of the alloy. The carbon contains in the carbon 
steel is 0.25%-0.3%.   The materials used in this study are 
carbon steel by using code ASTM A36 flat bars and the 
size adheres to the American Welding Institute code, 
AWS D1.1 with composition as given in Tables 1 and 2, 

rectangular bars of 180mm by 75mm by 10mm thickness 
were sectioned from the bars [1][2][3][4][5].  
 

Table-1. Carbon steel chemical composition. 
 

 
 
SMAW welding process  

The specimen is welded together using Shielded 
Metal Arc Welding (SMAW) process. This welding 
process were selected because of filler metal types coated 
in electrode that allow the welder to choose the best 
electrode for specific welding job requirements [6][7]. The 
AWS E6013 electrodes were used with DC arc welding 
process by using 2.4mm welding rod diameter. Welding 
current used is followed in the Table-2 below. 

 
Table-2. Welding specifications [8]. 
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Post weld heat treatment (PWHT) 
The machined samples were subjected to stress 

relieving heat treatment. Three different soaking 
temperatures were used. The process of the heat treatment 
started with heating at 222 °C/25mm/hour, followed by 
soaking or holding temperature/25mm thickness /hour as 
shown in Table-3 and then cooling at 280 °C/Hour/25mm 
thickness and lastly cooling by air. The heat-treatment 
procedure adopted was soaking temperature range of 490, 
540, and 610 °C. The weld samples were soaked for 
20min in accordance with the ASTM soaking time 
requirement of 3-4min/mm thickness at each annealing 
temperature [10][11][12]. Three samples were cooled by 
using air. 

 
Table-3. PWHT soaking temperature. 

 

 
 
Hardness testing 

Mechanical testing such as hardness test is 
performed to determine various mechanical properties that 
was exhibited by the joined metals at the welded zone. 
This testing will be performed after the sample preparation 
is completely fabricated. The Brinell hardness test for 
3000kgf load was used in this study. 
 
EXPERIMENTAL RESULT AND DISCUSSION 
 
Data and result 

Figure-1 shows the temperature versus the time 
graph. It shows the time taken for every specimen to finish 
the post weld heat treatment (PWHT) process. For the 
specimen one, it takes 3 hours and 57 minutes to finish the 
PWHT process. Followed by the second specimen, it takes 
4 hours and 22 minutes to finish the PWHT process. Last, 
the third specimen, it takes 4 hours and 53 minutes to 
complete the PWHT process. Post weld heat treatment 
accomplished by heating a metal below the critical 
temperature and then cooling uniformly. 
 

 
 

Figure-1. Temperature versus time graph. 

Table-4 shows the data for the three specimens 
with the different soaking temperatures. The hardness 
testing was performed before and after post weld heat 
treatment process to identify the changes of the value of 
hardness. 
 

Table-4. Hardness test result. 
 

 
 

The hardness test results were illustrated as a 
graph shown in Figure-2. Three specimens show the 
decreasing on hardness value after PWHT process and 
cause the lower brittle effect. The higher temperature 
applied, the softer the metal will become. The properties 
of a material change according to the hardness. Pearlite is 
stronger than ferrite and cementite. It also has increased 
toughness and ductility due to the soft, ductile ferrite 
supporting the hard, brittle layers of cementite. These 
three soaking temperatures are under lower critical 
temperature, which is 700 degree Celsius. The phase 
diagram in Figure-3 shows the three specimens which are 
located in the pearlite + ferrite phase with carbon 
containing 0.30% and three soaking temperatures were 
490, 540, and 610 °C.    
 

 
 

Figure-2. Hardness versus soaking temperature. 
 

 
 

Figure-3. PWHT phase diagram. 
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CONCLUSIONS 
The testing is successfully done and the results is 

compared between before and after post weld heat 
treatment (PWHT) with three soaking temperatures which 
are 490, 540 and 610 °C. The data and results show that 
the decreasing of the hardness value occurred after post 
weld heat treatment. From the results obtained, this study 
can conclude that the brittleness of the metal is reduced 
because of the mechanical property changes in the metal 
structure [9]. The phase for the metal is a pearlite with 
ferrite and the metal is heated below the lower critical 
temperature of the material. The pearlite and ferrite has 
their own properties which is pearlite, is known for being 
tough, highly deformed and extremely strong.  

The ferrite on carbon steel carbon steel with up to 
about 0.2 wt% Carbon consists mostly of ferrite, with 
increasing amounts of pearlite as the carbon content is 
increased. The exact amount of ferrite will depend on the 
cooling processes the iron-carbon alloy undergoes as it 
cools from liquid state. 
 
REFERENCES 

 
[1] ASME BPVC I Boiler & Pressure Vessel Code, Rules 

for Construction of Power Boilers, 2010. 
 

[2] ASME BPVC IX, Boiler & Pressure Vessel Code, 
Section IX, Welding and Brazing Qualifications, 2010 
 

[3] ASME BPVC IX (2011 Addenda), Boiler & Pressure 
Vessel Code, Section IX, Welding and Brazing 
Qualifications, 2010 
 

[4] ASME BPVC V, Boiler & Pressure Vessel Code, 
Section V, Nondestructive Examination, 2010 
 

[5] ASME Boiler and Pressure Vessel Code, an 
International Code II, Part C, Specifications for 
Welding Rods, Electrodes, and Filler Metals, 2010 

 
[6] Larry Jeffus, Welding and Metal Fabrication. Delmar, 

Cengage Learning, 2012 
 

[7] Larry Jeffus, Welding Principle and Application 
(Fourth edition), Cengage Learning, 1999 

 
[8] American Welding Society, AWS A5.1/A5.1M, 

American National Standard-Specification for Carbon 
Steel Electrodes for Shielded Metal Arc Welding, 2004 

 
[9] Bipin, K. S., Tewari, S. P. & Jyoti, P.2010. A Review 

on Effects of Preheating and/or Post Weld Heat 
Treatment (PWHT) on Mechanical Behavior of 
Ferrous Metals. International Journal of Engineering 
Science and Technology, 2(4), 625-631. 

 
[10] American Society for Testing and Materials (ASTM) -

A36-low carbon steel standard booklet, 2007. 
 

[11] American Society for Testing and Materials (ASTM) -
A370-Standard Test Methods and Definitions for 
Mechanical Testing of Steel Products standard booklet, 
2007 

 
[12] American Society for Testing and Materials (ASTM) –

A691-ASTM A691: Standard Specification for Carbon 
and Alloy Steel Pipe, Electric-Fusion-Welded for 
High-Pressure Service at High Temperature booklet, 
1998. 

 
 
 


