
Fusion-welded joints
Quality levels for imperfections, ISO 5817

(+ one slide about Classification of geometric imperfections, ISO 6520)
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Disclaimer
The European Commission support for the production of this 
publication does not constitute endorsement of the contents 
which reflects the views only of the authors, and the Commission 
cannot be held responsible for any use which may be made of 
the information contained therein.



Welding and its impact on materials
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Material-dependent
• Lamellar tearing
• Low toughness in the HAZ
• Cracks in the HAZ
• Solidification cracking
• Hydrogen cracking
• Reheat cracking, brittleness at stress reliving
• Segregation of contaminants to the centre of plate thickness

Weld imperfections
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Operator-dependent
• Slag inclusions
• Lack of fusion
• Undercut (5011, 5012)
• Overlap - cold lap (506)
• Porosity (2017)
• Incomplete root penetration 

(4021)
• Incorrect weld toe (505)
• Excess penetration (504)
• Root concavity (515)
• Excess weld metal (502)
• Non filled weld (509, 511)
• Crater crack (104)
• Stray arc (601)
• Spatter (602)
• Linear misalignment (507)



Weld imperfections and classification of geometric 
discontinuities

SS-EN ISO 5817:2014 
Welding – Fusion welded joints in steel, nickel ,titanium and their alloys 
– Quality levels for imperfections (inner and surface)

Three quality levels (classes): 
• B (high) strictest, for welded joints subject to fatigue and risk for brittle fracture
• C (medium) normal workshop practice, subject to static load
• D (moderate) for welded joints carrying no load 

• Valid from 0.5 mm and up
• Short discontinuities and shape deviations are a total of a maximum of 25 mm if the 

length of the weld is 100 mm or longer. If shorter welds 25% of the weld length.

SS-EN ISO 6520-1:2007 
Welding and allied processes 
- Classification of geometric imperfections in metallic materials 
Part 1: Fusion welding
Example: Longitudinal cracks (101)  in the weld metal (1011) are denoted 
ISO 6520-1-101 and ISO 6520-1-1011 respectively
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Classification of geometric imperfections, ISO 6520 
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Quality levels for imperfections, SS EN-ISO 5817

Surface discontinuities such as Insufficient (5213) and Excessive (5124) 
throat Thickness, Stray arc (601) and Spatter (602)
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SS-EN ISO 5817 - Dekra
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Hot cracking (Solidification cracking)

Solidification crack in a fillet weld

Solidification crack in a butt weld

Solidification crack. Depth of the 
weld is greater than the width

8

Characteristic
• Usually in the middle of weld and runs along the weld
• Usually reaches to the surface and can be seen visually but

can also be hidden under surface
• Can be detected by VT, PT, UT and RT

Origin
• Chemical composition of the weld metal: High amount of C, 

S, P and Nb. (UCS=230C+190S+75P+45Nb-12,3Si-5,4Mn-1)
UCS = Unit of Crack Sensitivity (<10 -> low risk, >30 -> high risk)

• Welding process which give large weld pool as method 121
• Depth of the weld is greater than the width 

How to avoid solidification cracks
• The weld geometry, less depth and root gap. (Width / Depth)>1,0
• Welding sequence to reduce stresses
• Cleaner steel and basic flux
• Weld metal containing 2-9% ferrite for stainless steel 
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Hydrogen cracking (Cold / Hardening / Hydrogen / 
delayed cracking)

Characteristic
• Formed when the temperature is below about 150 °C
• Can often be delayed and NDT should take place first after a few days 
• Localized in HAZ along the weld, but can also occur transverse in the weld
• Do not always reach the surface and the crack is sharp
• Can be detected in most cases with VT, PT, UT or RT

Origin
Three things has to be precent at the same time 
• Hydrogen (as H) – Choice of electrode , storage of consumables, humidity etc
• Tensile stresses – weld stresses and rigidity
• Brittle micro structure mainly martensite / high hardness in  HAZ –which duo to

Ø Carbon equivalent CEV = C+Mn/6+Ni/15+Cu/15+Cr/5+Mo/5+V/5 (CEV ≤0,4 – 0,41)
Ø Cooling rate: depends on type of section, preheat and working temperature

How to avoid hydrogen cracking?
• Good joint preparation, weld sequence
• Good connection between weld and base material
• Dry consumables, clean and dry joint surfaces
• Preheat and high working temperature
• Suitable heat Input
• Soaking immediate after welding Hydrogen crack in a fillet weld <



Incomplete root penetration (4021)
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Characteristic
• Incomplete weld through
• Goes along the weld 
Origin
• Too Small joint angle
• Too small gap 
• Too big root face
• To large electrode diameter
• Too low current
• Unsuitable welding technique
• Incomplete root cleaning 
• Poor control of the electrode in 

submerged arc welding
How to avoid?
• Method 111: Use small electrode 

diameter for the root pass with
• Method 131/135: Sufficient welding 

current and adjusted voltage to 
keep the arc length short. 

• Method 141: Use short root face 
and adjust the welding current

Incomplete  root penetration
welds do not meetIncomplete root penetration

Submerged arc welded 
duplex stainless steel 
containing incomplete  

root penetration

Incomplete  root penetration 
were welds do not meet. 
Argon rich shielding gas



Lack of fusion
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Characteristic
• The joint surfaces has not melted. 
• Is oriented along the weld
• Occur mainly at MIG/MAG with solid wire and gas 

welding 311
• Best detected by UT, worse with RT
Origin
• Improper tilting of the welding gun across the weld  
• Large weld pool were that flows ahead
• Too long stick-out
• Low heat input 
• Small joint angle 
• Sharp transition between weld passes 
• Magnetic arc blow
How to avoid?
• Good accessibility
• Short stick-out 
• Grind undercuts
• Enough joint angle
• Avoid large welds, better using more smaller welds

in root and in  the edge of weld

In the side of the joint

When welding 
reinforcement bar

Big difference in thickness



Lamellar tearing

Lamellar tearing in material with low strength in the 
thickness direction
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Typical stepped appearance Fractured lifting 
devise

Characteristic
• High stresses  in the thickness direction and        

the weld parallel to plate surface  
• Fracture between rolled out inclusions in the 

steel, which gives stepped appearance
• The material can be inspected by UT
Origin
• Rolled out slag inclusions (sheet)  
• Tensional forces in the thickness direction
• Insufficient material properties in the thickness 

direction
How to avoid?
• Choose material with required through thickness 

properties in the thickness direction (Z-value)
• Materials with rare earth metals to give harder 

slag inclusions
• Design in purpose to reduce the stresses in the 

thickness direction
• Use of so called Z-plate  
• Butter ( clad weld)  with soft weld metal 
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Lamellar tearing

Lamellar tearing with typical stepped appearance in material with low strength in the thickness direction

Root concavity (515)

Weld imperfections
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Excess penetration (504

Incorrect weld toe (505), Overlap (506)

Weld imperfections

Overlap - cold lap (506) Incorrect weld toe (505)
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Undercut (5011, 5012

Linear misalignment (507)

Weld imperfections

Slag inclusions
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Pore (2017)
3

Spatter (602) 

Weld imperfections

Stray arc (601)

Surface pores (2017) Pores inside the weld


