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Table of the Low-Alloy Electrodes According to AWS A5.5
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Table of Stainless Steel Electrodes According to AWS A5.4
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Table of Cast lron Electrodes According to TS EN ISO 1071
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Table of Cast lron Electrodes according to AWS A5.15
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Table of Electrodes for Hardfacing according to TS EN 14700 
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Table of Surfacing Electrodes according to AWS A5.13
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Table of Wire Electrodes and Deposits for Gas-shielded Arc Welding of 
Non-alloy and Fine-grain Steels according to

TS EN ISO 14341-A
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Table of Carbon Steel Electrodes and Rods tor Gas Shielded Arc Welding 
(TIG, MIG) of Non- Alloy Steels according to AWS A5.18



- 462 - www.gedikwelding.com

Ta
bl

e 
of

 W
ire

 E
le

ct
ro

de
s,

 W
ire

s 
an

d 
Ro

ds
 fo

r A
rc

 W
el

di
ng

 o
f  

Cr
ee

p-
Re

si
st

in
g 

St
ee

ls
 a

cc
or

di
ng

 to
 T

S 
EN

 IS
O 

21
95

2-
A



- 463 - www.gedikwelding.com

Ta
bl

e 
of

 L
ow

-A
llo

y 
St

ee
l E

le
ct

ro
de

s 
an

d 
Ro

ds
 a

cc
or

di
ng

 to
 A

W
S 

A5
.2

8



- 464 - www.gedikwelding.com



- 465 - www.gedikwelding.com

Ta
bl

e 
of

 W
ire

 E
le

ct
ro

de
s 

of
 A

rc
 W

el
di

ng
 o

f S
ta

in
le

ss
 a

nd
 H

ea
t-

Re
si

st
in

g 
St

ee
ls

 
Ac

co
rd

in
g 

to
 T

S 
EN

 IS
O 

14
34

3-
A



- 466 - www.gedikwelding.com

Table of Wire Electrodes for Arc Welding of Stainless Steels  
According to AWS A5.9
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Table of Flux-Cored Wires according to AWS A5.20
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Table of Electrodes for Submerged Arc Welding of Non-alloy and  
Fine-grain Steels according to TS EN ISO 14171-A
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Specitication tor Wires and Fluxes for Submerged Arc Welding  
According to AWS A5.17
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Welding of Mild Steels
The most commonly used metallic materials of our era are iron based alloys. Steel has a very important 
role in them. The property that makes steels this mportant is their ability to make various types of alloys 
and their ability to gain various types of properties with the help of heat treatments. As known, while 
quenched, steel can be used as a tool that can easily process steel that has the same composition with the 
former one. 4000 types of steel that have different compositions and properties are developed since the 
industrial revolut on. When different properties from the same steel are considered, there occurs a really 
wide spectrum.

The most important issue for welding is the hardening that is caused by rapid cooling from very high 
temperatures, which happens in some steels. The resulting hard material, which can go up to 64 HRC 
depending on the composition of the steel and the cooling rate, is called “martensite”. Martensite is quite 
hard and brittle. The hardest steels are the ones that contain 0,7-0,8% C. The other s gn ficant factor 
in martensite formation aside from carbon is the cooling rate. While steels that include more than 0,3% 
carbon only harden when they are cooled in the water from a high temperature, hard and brittle martensitic 
structure occurs with a much slower cooling when steel includes alloying element.

In arc welding methods, metal is first heated to a temperature higher than its melting point; and then 
cooled down. Experiments and measurements show that the cooling rate of the welded zone on an iron 
bar is equivalent to the cooling rate of a piece that is heated up to a high temperature and cooled down 
by being quenched. Hence, it is obvious that this kind of a hard and brittle structure will be proced at the 
weld zones of the steels that contain carbon and alloying elements of higher amount than a certain value 
for each.

Welding electrode producers adjust the composition of the filler metal in such a way that even il it mixes 
a little with the base metal being melted, no hardening occurs at the molten metal after cooling. However, 
hardening on the base metal that is interconnected to the welded zone can occur since this part that is 
warmed up to a high temperature and then cooled down. Carbon and manganese are two elements that 
especially affect the hardening capability of the unalloyed steel. There are various opinions on the required 
maximum carbon content of the unalloyed steels for them to be welded without taking any precautions. 
For example, while the maximum carbon content for non-degassed steels are is 0,25% and the maximum 
carbon content for non-degassed steels are 0,22% in Sweden, it is allowed for this value to go up to 0,30% 
in the USA.

Alloying elements such as chromium, molybdenum, vanadium, nickel and copper, when they are contained 
in low-alloyed steels, cause hardening of the heat-affected zone (HAZ) although carbon content is lower.  
In add ton to crack formation right after the welding in this hard and brittle material, that is caused by heat, 
brittle fractures occur when any deformation process is performed on this structure material in case during 
use of welded joints, any smallest deformation stress causes such structures  to undergo  brittle fracture ; 
and, this results in significant damages.

The Weldability Commission of lnternational lnstitute of Welding advises that the hardness of the heat-
affected zone should not be higher than 350 HVC.

The only solution for decreasing the hardness of HAZ is to decelerate the cooling process after welding. 
The safest way for doing this is preheating the piece and welding it at this temperature. Various theoretical 
and applied researches have been made in order to find a constant that gives the hardening tendency of 
the steel and hence to obtain a formula which gives the preheating temperature that should be appled. 
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A solution that easily shows results is developed as a result of all these studies. In this solution, which is 
named Carbon Equivalent, the amounts of the alloying elements which exist in the chemical composition 
of the steel consist are put into a formula; and, a constant is calculated, depending on whose value a 
preheating temperature is can be chosen determined according to this constant.

Although there are various formulas for the calculation of carbon equivalent in literature, all of them are 
empirical relations that give close and satisfactory results in practice. The Carbon Equivalent Formula 
which the lnternational lnstitute of Welding (IIW) requires proposes for low-alloyed carbon steels is as 
follows:

Ceq= C+ Mn/6 + Cr/5 + Mo/5 + V/5 + Ni/15 + Cu/15

The alloying elements limits in order for the above-given formula to be valid is are as follows:

C<0,5%; Mn<1%; Cr<1%; Nk 3,5%; Mo<0,6%

The preheating temperature that should be applied according to Ceq is as follows:

Ceq(%)	 Preheating Temperature (0C) 
less than 0,45	 not required at normal conditions 
between 0,45 and 0,60	 100-200 
more than 0,60	 200-350 (can be increased up to 600 at special conditions)

lf the carbon equivalent, which is just an approach, is used; maximum preheating temperatures should 
be chosen as to be the upper limits of the value ranges that are valid for the conditions applied in the 
circumstances that are specified below, and in some special conditions, they should be exceeded, in order 
to eliminate any risks.

• If the base metal is Thomas steel or hot-cast steel, 
• lf the steel has a coarse-grained microstructure, 
• lf the base metal piece (the workpiece) is big large and unorderly structure complex- shaped, 
• lf the workpiece is very thick, 
• lf low levels of energy should be applied during welding, 
• lf the filler metal is not firm sufficiently tough 
• lf the temperature of the welding environment is too low,

As seen, carbon equivalent only includes the chemical composition of the steel. However it does not involve 
factors that primarily affect the cooling rate such as welding heat input, form of the weld groove, the 
geometry and thickness of the workpiece. Although there are some empirical formulas in the literature, the 
appropriate preheating temperatures according to electrode diameter (heat input), piece thickness, groove 
form according to Ceq is shown in the table.

The points below should be considered during the welding of the steels that have tendency to harden and 
have a Ceq value that is more than 0,45% for a safe welding .

•	An appropriately chosen preheating temperature  should be applied to all the whole pieces. 
•	The temperature should be kept at the same level during the welding process. 
•	A pre-dried basic-coated electrode should be used. 
•	lf a piece will be annealed for stress relieving, it should be put into the furnace as soon as the welding  
	 process is finished before the piece cools down (it should stay in the furnace at the temperatures of  
	 600-650 0C temperature for 2 hours for each 2 mm.). It should be taken out after it cooled down to  
	 300 0C in the furnace, and should be left for air-cooling in a stable environment.
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Recommended Pre-annealing Temperatures according to Carbon  
Equivalent, Electrode Diameter, Particle Thickness and Groove Type
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In production plants, damaged parts must be repaired immediately operations. The damaged part should 
be repaired by welding, and put into its place. The composition of the material of the piece is not generally 
known. The welding shop cannot be expected to analyze and determine the chemical composition of 
the piece before welding. in such conditions, the first thing that has to be done is to perform spark and 
file tests on the material. A file that is grinded to the surface of the material makes it easy to determine 
it hardening process is applied to the piece before. In the spark test, the piece is touched against the 
spinning surface of a grinding wheel. It is touched to the wheel in such a way that the length of the sparks 
is 30 cm. An experienced person who looks at the sparks in a dim light can estimate the elements that are 
in the composite and the proportions of these elements. Even an inexperienced person can identify carbon 
steel from alloyed steel and the low-middle and high-carbon steels from each other after a few hours work 
unless they are dischromated. Another good way of analysing is to compare the piece with specimens from 
metals whose chemical compositions are known.

Magnetic-particle test is generally used in distinguishing ferritic steels that can harden after heat treatment 
from austenitic steels that cannot harden (despite their high carbon equivalent). Austenitic steels are not 
pulled by magnets since they are antimagnetic. The point that should be bewared is not to put the magnet 
to the zones that are mechanically worked or to the zones that hardened as a result of transformation 
because these zones can locally be magnetic as a result of transformation.

•	Use the largest-diameter electrode to which that is suitable for both the weld groove’s shape and the  
	 part’s dimensions allow. 
•	Choose the max. value of welding ampacity that the electrode producer requested since the cool-down  
	 rate decreases when the energy applied to the weld zone increases. 
•	Use basic austenitic coated electrodes. This may prevent the cracks in the weld bead because austenitic  
	 steels are more tough. 
•	Welded joint should never be done through one pass. The welding with as many passes as it can have  
	 should be chosen because new pass has a tempering effect on the HAZ of the earlier pass and hence  
	 the brittleness and hardness of this zone decreases. Various researchers advise that a tempering pass  
	 should be applied to the weld bead without touching the base metal after the welding.
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Welding of Fine-Grained High-Strength Structural Steels
Fine-grained high-strength structural steels were developed in order to meet the increasing needs for 
light steel containers and high-strength containers and reactors in the industry. Carbides, nitrides and 
carbonitrides that are scattered around in a very tine structure especially in grain boundaries in the 
internal microstructure of fine-grained structural steels, and are transmitted to the solution only at the 
temperatures higher than 1100 0C; prevent grain growth even at the heat temperatures at the austenite 
zone. High-strength and firm tough steels group occurs are obtained as a result of this . In a second group 
of fine-grained structural steels, the yield and tensile strength and the firmness toughness of the steel 
are increased without causing the steel that will form a low-carbon martensite in the inner structure lose 
its weldabilty. Since the Martensite start temperature is 400 0C in this quenched fine-grained structural 
steels group, the martensite that is formed is automatically tempered when it is slowly cooled down at a 
temperature lower than this. Therefore fine grained scattered around carbide precipitates that increase the 
strength of the inner structure form. Carbon content should not exceed 0,20 for their weldability in fine-
grained structural steels. Steels that have the desired qualities are obtained by low or limited hardening by 
putting alloying elements as little as possible, fine-grain formation, decomposition of nitride particles that 
prevent grain growth and optimization between heat treatments.

Fine-grained structural steels have a very good weldability because of the limitations to their carbon and 
alloying element contents. Classical structural steels are preheated and welded with high energy input in 
order to slow down the cooling down rate. On the other hand, slow down of the cooling down rate in fine-
grained structural steels causes them to turn into a ferrite and high-carbon martensite or bulk martensite 
or bulk bainite areas at the inner structure in meld line of the base metal. This causes the firmness 
toughness to decrease and the strength quality to deteriorate. This shows itself especially on the HAZ of 
the joints that are preheated at a very high temperature and welded with a single pass. If the welding 
process is multi-passed, quality of the weld zone gets better than the weld zone of the single pass welding 
since each pass tempers the weld zone of the former one. An appropriate preheating for thick and highly 
stressed constructions is an effective precaution for the cracks that can be caused by various reasons.

Specific-energy input E (k/cm) that is calculated by taking the ratio of the multiplication of welding current 
strength and arc voltage and relative thermal activity coefficient of welding method to the welding speed; 
preheating temperature and piece thickness are the three significant factors that affect the cooling down 
rate of the weld zone. 

These three factors should be considered together to be able to control the qualities of the weld zone of 
the fine-grained structural steels. Cooling down rate t8/5 at 800-500 0C is very important for affecting the 
qualities of the weld zone of the steels. The decrease in time causes the hardness and the strength to 
increase but the tendency to crack to increase. 

Steel producers state the appropr ate t8/5 value for the fine-grained structural steels that they produce in 
the certificate of the steel. There are mathematical formulas, computer programs that calculate the specific 
energy that is applied to the weld, piece thickness, preheating temperature and t8/5 and nomograms on 
this issue. 1kj/cm for each mm of plate thickness as specific energy input is averagely chosen in practice. 
For example, E=25kj/cm specific energy for a 25mm thick plate. A preheating process that is between 
80 0C and 200 0C is applied to the joint for the processes that are under +5 0C in weld of the fine-grained 
structural steels. For the processes higher than this temperature, yield limit and piece thickness are criteria 
for the decision whether preheating process is applied or not.
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Welding of Heat and Creep Resisting Steels

Steel has to be heat-resisting in the fields of application such as power plants, high pressure steam boilers, 
refineries and steam turbines. Hence the weld metal should be as heat resisting as the base metal.

The yield and tensile strengths of the unalloyed structural steels decrease significantly at high 
temperatures. When alloying elements such as Cr, Mo, W or V to the steel, heat resistance values gel 
much betler. One has to consider only the yield and tensile strengths of the steel at the high temperature 
applications. Creep gets intensified for the materials as a result of the combined effect of temperature and 
mechanical stress. The creep characteristics of all high temperature steels are determined and put into 
the material standards and specifications in the last 20 years. in addition to these studies, similar tests 
are applied to the test rods that are provided from the weld metal that is produced with creep resisting 
electrodes. It is found out that the results have the same values as the test results from the heat and creep 
resisting steels, and the results for the stabilized austenitic weld metal have even much higher values than 
those.

These steels are classified depending on their compositions and hence their operative temperature. Cr, Mo, 
W, Co, Nb, Ta, Ti and Al affect both the matrix composition of the steel and carbide formation and develop 
its heat and creep resistance qualities. A little amount of Mo, V and Cr addition to the composition of the 
steel is enough for the temperatures up to 500 0C . Mo is especially efficient in increasing heat resistance 
quality. Material should be resistant to oxidation for the temperatures more than 550 0C. The best solution 
for this is to choose steels that include 12%Cr and Mo, V and Nb/Ta. Steels transform and start loose their 
creep resisting quality after 600 0C . Hence chromium-nickel austenitic steels are preferred for these 
temperatures. This product is steel that includes 16%Cr and 13%Ni, and of which basic type’s creep 
resisting qualities are developed by adding Mo, V and Nb/Ta. (X8CrNiNb 16 13,  X8CrNiMoVNb 16 13). 
Only alloys that are Cr-, Ni-, Co-based including Mo, V and Nb/Ta show the appropriate creep resistance for 
the temperatures that are higher than 700 0C.

AII 12% Cr and heat- and creep -resisting low-alloyed steels are generally welded after they are quenched 
and tempered. The heat-affected zone of these steels with hardening tendencies hardens if there are 
no precautions. lnternal stresses that occur during welding process and the adjustment processes after 
the welding cause the risk of cracking at this zone. in order to prevent the danger of this, an appropriate 
groove should be chosen, a welding plan should be made, preheating and cooling should be carried out 
under control; and, stress-relief heating should be applied when it is necessary.

Stabilized austenitic steels show betler qualities at high temperatures when that are welded after solution 
heat treatment is performed on them. Because of the tendency to crack in high temperatures of this type 
of materials, heat input should be low during the welding process. Since the low thermal conductivity of 
this type of materials can cause regional heat rises, the weld heat should not be allowed to accumulate 
at the welded zone. For these cases, short arc and electrodes that have diameters no longer than 4 mm 
should be applied at an 80-90 0C angle, and weld beads that are as narrow as possible should be produced 
with oscillations no higher than three times of the wire diameter. Welding is generally performed without 
preheating. However, preheating to 100-200 0C should be applied to the pieces that are thicker than 25 
mm; but, the temperature of the welding zone should not exceed 300-350 0C in those cases.

Co-based, creep-resisting materials such as X40 Cr Ni Co Nb, should be preheated up to 200- 400 0C 
because of their high content of carbon.
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Welding of Cryogenic Steels
Especially the production of the welding vessels that are used in sforage and transportation of liquefied 
gases requires material that does not lose its qualities at very low temperatures and weld joints that are 
appropriate for it. As it is known, the tensile strength of steels increases but the ductility and firmness 
toughness of them decrease as the temperature decreases. For these reasons, the most important quality 
of the material for applications under the temperature of O 0C is for it to protect its firmness toughness that 
is determined by impact test at the desired level. Various surveillance organizations estimate that these 
types of steels give the result of minimum 27J at ISO-V impact test at the lowest operation temperatures. 
The impact test is thought to be inadequate recently, and this type of steels is assessed by various 
fracture mechanics tests. Steels that are used depending on the ambient temperature they are in, and the 
appropriate GeKa Electrodes for their welding is shown in the table.

•	The thin sheet metals that are used in this production branch are not generally preheated before welding. 	
	 A preheating process between 80 and 150 0C is necessary as the cut view gets thicker and the carbon  
	 content exceeds 20 %.

•	Low hydrogen, well dried, basic coated electrodes are used in welding .

•	Weld metal is chosen in such a way that it provides both the desired strength qualities and the necessary  
	 firmness toughness at the operation temperature.

•	The most important point for these steels is to keep the heat input at the lowest level in order for HAZ  
	 not to have grain growth. Even it a preheating process is performed before the welding, the interpass 
temperature should not exceed 150 0C.

•	Stress relief heating should be applied on some conditions in order to develop the qualities of the steel  
	 depending on the type of the steel and the specifications. The temperature degree and duration that the  
	 steel producer proposed should in no way exceeded .

•	Welding should be performed in a flat position as horizontal as possible by using positioners. The reason  
	 is that both controlling the heat input and providing a faultless welding is only possible in this position.  
	 These types of steels should never be welded in overhead, horizontal vertical and vertical up positions.  
	 lf vertical welding position is necessary, they should only be welded in vertical down position.

Weld bead is done straight without oscillating the electrode in order to limit the heat input during welding 
process. In case of vertical welding, vertical down welding position is preferred in order to decrease the 
heat input. Electrical arc welding with coated electrodes is still the most preferred welding method for 
welding of these types of steels. Submerged arc welding applications with TIG, MIG and special powders 
are also done recently.
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Welding of Stainless Steels

Welding of Martensitic Chromium Stainless Steels

The most important qual ty of stainless steels is that they do not rust, and that they are resistant  to 
oxidation and corrosion. This quality is acquired by adding more than 12% chromium to the content of the 
steel. As the amount of chromium increases, the oxidation resistance at hi gh temperatures also increases. 
Existence of the steel causes corrosion resistance especially in acidic environments. Besides nickel, 
molybdenum addition also protects steel from some types of corrosion. However, steels that contain more 
than 6.5% molybdenum  cannot be produced economically.

Chromium causes steel to keep its mechanical qualities at very high temperatures. Hence chromium 
stainless steels are also used as creep resisting  steels at high temperatures.

Stainless steels that have more than 170 types are widely used in industry for various purposes. The most 
commonly-used ones of the stainless steel types that are used in industry are generally divided into three 
main groups:

• Martensitic Chromium Stainless Steels. 
• Ferritic Chromium Stainless Steels. 
• Austenitic Chromium-Nickel Stainless Steels.

In constructions in which the stainless steels are used, modern welding methods such as electron beam 
welding and laser beam welding are also used besides arc welding with coated electrodes, gas  metal  arc  
welding  methods  (TIG,  MIG),  submerged  arc  welding  and plasma  welding. 
Physical qualities of the stainless steels of different types are also different from each other. This plays an 
important role in welding processes.

Heat conductivity facfor of chromium stainless is halt of the unalloyed steels. This value is 50% more in 
austenitic chromium-nickel steels than the value in low-carbon alloy steels. This is of particular concern to 
construcfor as well as the welder.

Low-carbon alloy steels have low resistance to electrical conductivity. This value is 4-7 times higher in 
stainless steels. Thus stainless steel electrodes redden more quickly, are produced shorter, and are loaded 
with 25% less strength of current than the normal electrodes.

Stainless steels in this group contain Cr amount between 11.5% and 18%. Carbon amount in their 
composition is between 0.1% and 1.2%.

Main effective element in welding of martensitic stainless steels is carbon. Amount of carbon affects the 
hardness of HAZ, and can be controlled by welding method to an extent. lf the hardness of HAZ increases, 
and, firmness toughness decreases.

Martensitic is relatively less hard in low-carbon martensitic stainless steels. Hence their tendency to crack 
is less. These steels are normally preheated at 200-400 0C temperature before welding. Soon after the 
welding a stress-relieiving process can be performed before the joint cools down by heating it 800-820 0C 
for four hours and cooling it slowly in the furnace.
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Welding of Ferritic Chromium Stainless Steels

Flux-coated electrodes and TIG welding wires of GeKa are safely used in welding of martensitic chromium 
stainless steels. Especially ELOX B 41O and GeKaTec 410 HD are coated electrodes that are appropriate 
for welding of low-carbon martensitic stainless steels. in addition to these, austenitic chromium-nickel 
stainless coated GeKa electrodes such as GeKa ELOX R 307, ELOX B 307, ELOX R 309 L, ELOX R 312, 
ELOX B 347, ELOX R 347 provide quality weld joints in conditions such that the strength of the weld bead 
is not required to be too strong and the joint does not operate in  a sulfuric environment. The fact that the 
yield point of austenitic welding metal is low prevents the danger of cracking which is caused by tensile 
stress that will happen after the welding. lf the joint operates in sulfuric environments, weld beads in 
which the base metal composition is the same is provided with GeKa stainless chromium special products. 
The application tables that are given can be used while choosing these products. You can easily solve the 
problems you experienced with the help of the experts of our company.

This type of steels contains 16-30 %  Cr and 0.5-0.25 % C. lts internal composition  microstructure is 
normally made up of ferrite and carbide.

The most significant qualities of these steels are that they are not hardened by quenching since phase 
transformation is not seen when they are solid, and their corrosion and oxidation resistance is high at high 
temperatures. They are magnetic. They can be rolled hot or cold. They show their best mechanical qualities 
when they are normalized. Their resistance to the stress corrosion cracking caused by the chlorinated 
environments is high.

Weldability of ferritic chromium stainless steels is better than the weldability of martensitic stainless 
steels. However, one of the significant problems that occur in the welding of ferritic stainless steels is the 
tendency to grain growth at HAZ. This cannot be removed by a post-weld heating. Furthermore, carbide 
precipitation at the ferritic grain boundaries also causes vulnerability at weld joints. Thus the mechanic 
qualities decrease. Use of austenitic chromium-nickel electrodes at the arc welding of this type of steels 
with coated electrodes prevents the brittleness that is caused by the grain growth at the molten zone.  
GeKa ELOX R 308 L and ELOX R 347 that contain 20%Cr and 10%Ni is recommended since they have 
great result at welding of low-carbon ferritic stainless steels. For the ferritic stainless steels that contain 
more than 0.1% carbon, GeKa Flux-coated Electrodes that contain more Cr and Ni can be easily used 
(ELOX R 309 L).

Use of the austenitic weld metal creates weld beads that have very good mechanical qualities, and absorbs 
most of the welding stress. However, the color of the weld beads would be different than the base metal. 
GeKa ELOX B 430 coated electrode that contains 18% Cr should be used when weld beads are desired to 
be the same color as the base metal since filler metal that has the same characteristics as the base metal 
should be used.

Preheating process in the welding of stainless steels prevents the danger of cracking in HAZ and minimizes 
the stress that is caused by the welding. 150-300 0C preheating temperature is recommended normally. 
lnterpass temperature can be a little higher than the preheating temperature. To keep the heat input at 
low temperatures, the electrode with the smallest diameter possible should be chosen, the welding speed 
should be high and the electrode should not oscillate.

Rapid cooling after 750-800 0C post weld heating helps the and the intergranular corrosion resistance of 
the HAZ to increase for this type of steels.

Cold formation of the welded joints should be done after a heating process at 300-400 0C because the 
deformation capability of those steels significantly increases at this temperature.
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Welding of Austenitic Chromium-Nickel Stainless Steels

The composition of austenitic chromium-nickel stainless steels contains 12-25% Cr and 8-25% Ni. Various 
alloy elements are added to these steels, which are antimagnetic, to increase their corrosion resistance. 
These stainless steels have very good weldability. However, the physical qualities they have that are 
mentioned before should be taken into consideration during welding. in welding of these steels, more 
tension is seen than the welding of low-alloy carbon steels. The possibility of hot cracks at the two-sided 
inside corner fillet seam of these steels is very high at the welding of these stainless steels.

SCHAEFFLER diagram and DE LONG diagram that is the advanced version of it is used while calculating 
the amount of ferrite in the weld metal at welding of these stainless steels. Ferrite making elements Cr, 
Mo, Si, and Nb are put to the horizontal axis as chromium equivalent to detect the amount of delta ferrite 
that will be in the composition of the weld metal with the help of these diagrams. “Ferrite numbers” and 
hence the ferrite percentage can be read from the De Long diagram. With the help of these diagrams, the 
problems that can occur in the weld metal in cases of arc welding with flux-coated electrodes are known 
beforehand, and the required precautions can be taken.

Another metallurgical problem in welding of austenitic chromium-nickel stainless steels is the chromium-
carbide precipitation that is caused in HAZ when this zone is heated for a long time at 500-900 0C. 
Chromium-carbides precipitate at grain boundaries and make the steel vulnerable to intergranular 
corrosion. Hence, the carbon content of the austenitic chromium-nickel stainless steels that will be welded 
should be maximum 0.06% and, optimally, 0.03%. For this reason, it is advised that the amount of carbon 
of the products is decreased and the corrosion resistance is increased.

Another method to prevent the chromium-carbide precipitation is to add stabilization elements such as Ti, 
Nb and to to the composition of the steel. Niobium is preferred in electrodes because of its deprivation in 
titanium arc.

GeKa product range developed has been enriched with rutile and basic-coated electrodes to be used in 
the arc welding of austenitic chromium-nickel stainless steels. They contain stabilization elements in their 
coating-fluxes. The points that are considered in case of using of basic-coated electrodes for welding of 
mild steels should also be considered in both arc start and welding with basic-coated electrodes in this 
case, too.

The lowest-diameter electrode possible should be chosen and the lowest strength amount of current 
should be chosen when austenitic chromium-nickel steels are arc-welded with flux-coated electrodes. The 
electrodes should not be oscillated. in case of multi-pass welding, the joint should be cooled down to room 
temperature after each pass, which should be followed by the second pass following pass should be done 
after that, and, then, by the application of rapid cooling should be performed. The crater that formed in the 
end of the weld should be filled and enclosed.

GEDiK WELDING produces flux-coated various stainless steel electrodes for welding of austenitic stainless 
steels. Some of them are the GeKa electrodes ELOX R 308 L, ELOX R 316 L, ELOX R 318, ELOX R 347 and 
ELOX R 310. in addition to these, gas-shielded (TIG or MIG) or submerged arc welding wires of GEDİK 
WELDING meet all your requirements. Expert staff of GEDİK WELDING is at your service in case of a 
problem.
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GeKa GeKaTec TIG-MIG Wires and Submerged Wire-Powder 
Combination for Welding of Ferritic Chromium Steels
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GeKa GeKaTec Electrodes for Welding of  
Chemical Resistant Steels
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GeKa GeKaTec TIG-MIG Wires and Submerged Wire-Powder 
Combination for Welding of Chemical Resistant Steels



- 494 - www.gedikwelding.com

Ge
Ka

 G
eK

aT
ec

 B
ra

nd
ed

 E
le

ct
ro

de
s 

an
d 

TI
G-

M
IG

 W
ire

s 
fo

r W
el

di
ng

 o
f H

ea
t R

es
is

tin
g 

St
ee

ls



- 495 - www.gedikwelding.com

Welding of High-Manganese Austenitic Hard Steels

High-manganese austenitic steels that are named as Haldfield steel in Anglo-Saxon literature, and are 
widely used in contemporary technology are tough, ductile, durable, abrasion resisting, antimagnetic 
materials that have high strain hardening, and contain 11-14% Mn and 0.7-1.4 % C. Cr, Mo, V, Cu, Ti and 
Ba is added as the alloy element to these steels in order to acquire some additional qualities.

These steels are used in the production of the joints that take impact and are worn out of the heavy 
construction equipments such as excavator buckets, baggers, grader and dozer blades, crusher jaws.

High-manganese austenitic hard steels can easily be welded because of their austenitic structure although 
their thermal conductivity is very low and their thermal expansion is high. They become brittle because of 
carbide formation  when they stay at 400-800 0C temperature  for a long time, and their tendency to crack 
increases. Thus, these steels are welded only with electrical arc welding by applying as little heat input as 
possible. Each pass is cooled down by spraying water or wiping with a wet cloth after welding.Big pieces 
are welded by putting them into a water bath in such a way that only the weld zone is out of water.

Distortions and deformations in welding of the manganese austenitic hard steels are severer than the 
welding of carbon steels because of their high thermal expansion and low thermal conductivity. Even 
though cooling process decreases the severity of this problem, hammering the weld bead after cooling is 
very useful both for reducing the internal stress and for increasing the abrasion resistance as a result of 
deformation hardening.

Build-Up

Making worn out machine parts usable with build-up is very economical. As the types of electrodes 
increased, it is no lenger necessary to use an electrode that is made up of the same material as the 
material of the joint that will be repaired. There is a possibility of applying filler welding with a material that 
is much more durable.

Before the filler welding ofa worn out joint, surfaces that will be filled should be processed until all the 
abrasion cracks are removed with grinding or machining. lf base metal and electrode are made up 
of different materials, using ELOX B 307 electrode that is ductile, that can remove the post welding 
internal stresses by changing its shape, and, that can prevent the fusion zone that can have undesired 
characteristics as the buffer layer is recommended. Filling processed is applied with ELHARD 14 Mn 
electrode by cooling and hammering each pass on the buffer layer made up

A- Buffer Welding with ELOX B 307  
B- Build-Up with ELHARD 14 Mn  
C- Hardfacing with ELHARD 600
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It would be safer if the last three passes are built up with ELHARD 600 in order for build-up layer to be 
more abrasion and impact resisting.

lf the joints are small and lightly abraded, ELHARD 600 can be directly used on top of the buffer layer that 
is made with ELOX B 307. To have a more effective outcome in breaker and crusher jaws, the pass that is 
made with ELHARD 600 should be hot hammered. Although cooling the hot weld bead by putting it in water 
is also recommended to increase hardness, this process can only be applied to small joints that have a 
small filling zone.

lf the top layer has to be very hard, ELHARD 60/63/65 can be used instead of ELHARD 600. However, this 
type of electrodes should not be applied in more than two passes in filling processes, and cooling and 
hammering processes should not be applied to them.

Joint Welding

Manganese austenitic hard steels can be welded with the same steels or with low-alloy steels. Chromium-
nickel-manganese alloyed ELOX B 307 should be preferred instead of a high-manganese electrode that 
fits the composition of the base metal for this process. This electrode has an excellent abrasion resistance 
and removes tensions by changing its shape with its high ductility. Welding process should be made by 
applying as little heat input as possible and a cooling process. Short passes should be applied by changing 
directions, and each pass should be hammered after it cooled down.

Hardfacing application in repair and maintenance of bucket teeth that are made up of manganese 
austenitic hard steel.
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Welding of Cast lrons

Cast irons are iron alloys that generally contain 1.7-4% C, 3.5% Si, Mn, S, and P the facts that cast irons 
can flow well when they are liquid, their melting point is low, they are not affected by carbon catching 
during melting made them unique cast material. Cast irons contain carbon in unbound form, in carbide and 
a little in ferrite. The type and the characteristics of cast irons are determined by the form of the carbon. 
The significant types of cast irons for welding that are highly used in industry are gray cast iron and 
nodular cast iron.

Welding of Gray Cast lrons

Gray cast iron has an internalstructure that is composed of unbound graphite that is scattered in the form 
of platelets in a matrix that resembles low-alloy unbound-carbon steels. The reason for the gray cast iron 
not to have transformation capability, to have low strength and to be brittle is the graphite platelets in its 
internalstructure.

Two significant points affect the weldability of gray cast iron; 
1- Since the melted zone rapidly cools down because of its high carbon content, weld bead is very hard,  
	   brittle and rich in cementite. 
2- Deformation caused by regional heating and cooling during welding causes the cast iron joint that is  
	   very brittle to crack from the weakest point.

There are two solutions for the welding of cast iron.

• It is possible to prevent both the hard structure that is caused by rapid cooling and the danger of  
	 cracking caused by welding stress by applying preheating at a very high temperature (600-700 0C).  
	 Electric arc welding and oxi-acetylene welding with a metal that has the suitable composition to the base  
	 metal can be applied in this process, which can be named as hot welding.

• The bases of the welding process of gray casting irons that is named as cold welding is to apply heat low  
	 enough to prevent the formation of high amounts of cementite and martensite and formation of the stress  
	 that can cause fracture in the course of heating, and, to use a weld metal that does mot cause martensite  
	 and cementite formation. Pure Nickel, Copper-Nickel, Iron-Nickel alloy coated electrodes are used in this  
	 method.

V, X and U grooves in 80-900 angle is applied to joint that will be welded. Cast spunk along the grooves is 
cleaned. it is necessary to obey the following conditions in this welding method during welding to prevent 
the danger of heat stress cracking, to narrow transition zene and to decrease the hardening in this zone.

Heat input should be decreased by using the thinnest electrode and the lowest strength of current possible.

Weld bead length should be limited to 25mm in order for the base metal not to warm too much.

Each pass should be hammered with a round head hammer before it cools down to decrease the stress the 
weld metal causes by shrinking.

Welding should be paused after each weld bead until the joint cools down to a temperature at which one 
can touch it by hand.

Electrode should be started on the prior seam when welder starts a new seam.

Arc should always be directed to the piled metal during welding and welder should go back a little while 
they put out the arc. They should retract the electrode slowly.

In order to decrease the stresses in the multi pass welding of thick joints, welding should be applied in 
width and length.



- 498 - www.gedikwelding.com

Geka developed pure nickel ELNIKEL, copper-nickel ELMONEL and ferronickel ELNIFER electrodes for the 
cold welding of cast irons.

It is possible to apply the weld joint quicker, with less risk and with longer seams using electrodes above 
and a preheating at 150-250 ‘ C in the cases where the size, shape and the type of the cast iron joint are 
appropriate. in the method that is called half-hot welding, the hardness of the HAZ does not exceed 200 
Vickers.

In the cases where the weld zone does not have to be processed, an experienced welder can get a 
satisfactory result with LASER B 50 or ELFER basic electrodes if they obey the conditions above. However, 
hard zones that can exceed 450 Vickers can be seen in the HAZ in these conditions.

Welding of Nodular Cast lrons

Long studies showed that ferronickel based electrode ELNIFER is the most appropriate electrode for the 
welding of nodular cast iron. Although nodular cast irons can be welded with low heat input, the most 
appropriate results are gotten in the applications 
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Welding Positions according to EN and AWS Standards
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Usage of welding symbols and supporting elements adopted and standardized to make graphing and 
reapplication of welded constructions easier. TS 3004 is published on this issue in Turkey. However, 
conductors do not completely obey this standard. Thus, our craftsmen should be knowledgeable.

lllustrations that are the most important part of the welding plan should reflect all properties of weld beads.

There are an elementary symbol, an arrow line that has an arrow that shows the joint at the end of it, and a 
reference line in illustrations

Symbols for the Designation of Weld Beads in Projects

The side of the joint where the arrow put is called “arrow side of the joint”, the other side is called “other 
side of the joint”.
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The position of the arrow line with respect to the weld is generally of no special significance. However, the 
arrow line should point towards the plate which is prepared for welding.

The reference line should be drawn parallel to the bottom edge of the drawing,

Positions of the symbols in relation to the reference line are defined according to E (first angle) and A (third 
angle) methods.

One should look into TS 3004 if they have to graph or read welding construction illustrations that are 
graphed using A method.

Although the symbols that are used in the illustrations of welded constructions have some differences 
depending on the symbols of the countries, they can show the information that determine the construction 
such as groove and seam surface from easily, clearly and in a simple way.

Position of the symbols according to E Method
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Notation of Elementary Symbols in Standards
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Examples of Elementary Symbols in a Combined Way
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Position of the symbols according to E Method

Weld symbols are generally examined under three groups:

a) Elementary Symbols  
b) Combined Symbols  
c) Supplementary symbols

We can look at the notation of these in various country symbols.

a) Elementary Symbols 
Examples for the usage of elementary symbols to show the welding type are also given in the table. These 
symbols are generally similar to the shape of the weld seam. Hence they can be easily remembered.

b) Combined Symbols 
These symbols are shown in the table for the examples of elementary symbols in a combined way.

c) Supplementary Symbols 
Elementary symbols can be completed with the supplementary symbols that show the shape of surface 
of the weld seam.Welded surfaces are generally made flat. Since there is no need to show the welding 
surface completely, it is normal that supplementary symbols are not used.
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Basic Dimensions

According to DiN 1912, assessment group of the welding is shown right after the welding method in 
between slashes.

Certain dimensions can be shown next to each welding symbol.

The main dimension of the cross section should be written on the left side of the symbol. Lengthwise 
dimensions ((Length of the weld bead) should be written on the right side of it.

The principles for these dimensions are shown in the table. More significant dimensions can be shown 
when necessary.

In case of flat weld joints, it is understood that welding is made without opening a root along the joint.

No
1
11
111
12
13
131
135
141
15
2
21
22
23
24
3
311
4
41
42
441
45
71
72
73
751
76
9

Welding Method
Arc welding
Metal-arc welding without gas protection 
Metal-arc welding with coated electrode 
Submerged arc welding
Gas-shielded metal-arc welding 
MIG welding
MAG welding 
TIG welding
Plasma arc welding 
Resistance welding 
Spot welding
Seam welding 
Projection welding 
Flash welding 
Gaswelding
Oxy-acetylene welding 
Pressure welding 
Ultrasonic welding 
Friction welding 
Explosive welding 
Diffusion welding 
Thermic welding 
Electro-slag welding 
Electro-gas welding 
Laser beam welding 
Electron beam welding
Brazing, soldering and braze welding
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ELECTRODE CONSUMPTION CALCULATION

In order to calculate the welding cost, the amount of electrodes that will be used should be calculated since 
it is the most important input. Although there are computer programs for this purpose, this can also be 
approximately calculated with the eight tables that are given below. in the first seven of these tables, the 
diameters of the electrodes that are recommended are also given considering the plate thickness and the 
weight of 1 meter welding seam and the welding position in !fillet welds. The number of electrodes that are 
needed is calculated for root and filler passes from table 8 in relation to the electrode diameter and length 
with the help of 1 meter seam weight that is calculated from those tables. The discarded stem length is 
considered to be 30mm and the loss that is caused by spattering and burning is considered to be 10% in 
this table. This value changes between 87% and 93% in practice depending on the type of electrode and 
the strength of current.

Since the efficiency of electrodes that have iron powder is higher the number of electrodes that are used 
in practice is lower than the number that is determined according to the table. Hence the number that is 
calculated with the help of the table is multiplied with 0.8 for 100-120 % efficiency electrodes and 0.6 for 
160% efficiency electrodes.

Example 1: Calculation of the required number of electrodes for 1 meter welding seam when a 6mm plate 
is welded with a V groove in a horizontal position.

The weight of 1 meter welding seam is calculated as 0.10kg when 350mm long electrode that has 
3.25mm long diameter is used for root pass according to table 1.

The weight of 1 meter welding seam is calculated as 0.12kg when 350mm long electrode that has 4mm 
long diameter is used for filler pass.

The number of electrodes according to table 8. 0.10kg= 5.3 (Ø3.25x350mm electrodes)

0.12kg= 0.10+0.02kg= 3.5+0.7= 4.2 (Ø4.00x350mm electrodes)

Example 2: Calculation of the required number of electrodes when a 16mm plate is welded with a V 
groove and its root is also welded from underside in a horizontal position.

The weight of 1 meter welding seam is calculated as 0.12kg when 450mm long electrode that has 4mm 
long diameter is used for root pass according to table 1.

In case of a root pass underside, 1 meter welding seam is calculated as 0.12kg for 450mm long electrode 
that has 4mm long diameter.

The weight of 1 meter welding seam is calculated as 1.3kg when 450mm long electrode that has 5mm 
long diameter is used for filler pass.

The number of electrodes according to table 8.

Root pass: 0.12= 0.10+0.02= 2.7+0.5= 3.2 (Ø4.00x450mm electrodes)

Underside Root Pass: 0.12= 0.10+0.02= 2.7+0.5= 3.2 (Ø4.00x450mm electrodes)

Filler Pass: 1.3= 1+0.3= 17.2+5.2= 22.4 (Ø5.00x450mm electrodes)

Note: These calculations are for normal electrodes. For example, if the same welding processed is made 
with a 160% efficient iron powder coated electrode, the number should be multiplied with 0.6. in case of 
basic electrodes, it should be multiplied with 0.8.
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Weld Bead Weight in V groove in horizontal and flat positions

W: RootPass	 D: Filler Pass
Half of the seam weight is added in the case of welding of plates that are up to 5mm for root welding from 
underside. At least the weight of the root pass should be added for the plaıes that are thicker than 5mm.

Hail of the plate thickness is taken in case of welding seam weight for double-V groove. Double of the 
required V-groove is taken and opposing welding of the root side is added to this.
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Weld Bead Weight in V butt welding in vertical position

W: RootPass	 D: Filler Pass
Half of the seam weight is added in the case of welding of plates that are up to 8mm for root welding from 
underside. At least the weight of the root pass should be added for the plates that are thicker than 8mm.

Hali of the plate thickness is taken in case of welding seam weight for double-V groove. Double of the 
required V-groove is laken and opposing welding of the root side is  added to this.
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Weld Bead in V butt welding in overhead, vertical and  
horizontal vertical positions

W: RootPass	 D: Filler Pass
Half of the seam weight is added in the case of welding of plates that are up to 8mm for root welding from 
underside. At least the weight of the root pass should be added for the plates that are thicker than 8mm.

Halt of the plate thickness is taken in case of welding seam weight for double-V groove. Ooubl e of the 
required  V-groove is laken and opposing  welding of the root side is added to this.
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Weld Bead Weight in fillet welding in horizontal and flat positions

W: RootPass	 D: Filler Pass
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Weld Bead Weight in fillet welding in vertical position

W: RootPass	 D: Filler Pass
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Weld Bead Weight in fillet welding in overhead position

W: RootPass	 D: Filler Pass
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Weld Bead Weight in 1-butt wel ng of thin plates in horizontal position
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Number of electrodes for each Kg/m bead weight
(Efficiency is considered to be 90% and discarded stem length is considered to be 30mm)

W: RootPass	 D: Filler Pass
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BRINELL, ROCKWELL, VICKERS HARDNESS COMPARISION TABLE
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BRINELL, ROCKWELL, VICKERS HARDNESS COMPARISION TABLE
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DRYING TEMPERATURES AND DURATIONS OF GEKA ELECTRODES

1)	 Electrodes in special can packages can be used without a drying process in 8 hours after the can is  
	 opened. in establishments that are more than 70% humid, electrodes  should be put into special hot  
	 boxes at 100-200 0C after the package is opened.
2)	 Please follow the recommendations of the producer tor special circumstances.
3)	 The maximum value is the sum of the durations of drying processes when electrode is dried multiple  
	 times (in different dates)
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CALCULATION OF WELDING CABLE CROSS-SECTION
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Notes
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Notes
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Notes
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Notes


