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Abstract. ”Radiographic Testing is a NDT method to detect inherent volumetric 
discontinuities in materials such as castings and welds”  
 A common type of discontinuity found and most often misinterpreted and 
evaluated is rounded indications, whether isolated, aligned or clustered. 
 This paper addresses the acceptance criteria of rounded indications based on 
various codes and standards and intends to lay at rest the confusion related to this 
type of discontinuity. 
 The following are important considerations: 
 1. Interpretation of rounded indications based on codes and standards used in 
the various sectors of NDT. 
 2. What types of discontinuities can be regarded as rounded indications? 
 3. What discontinuity sizes can be regarded as relevant discontinuities? 
 4. What are the acceptance and rejection criteria for relevant rounded 
indications  
 5. Compiling relevant student assignments to facilitate the proper 
understanding of this aspect. 

Introduction 
A common type of discontinuity found and most often misinterpreted and evaluated id 
rounded indications, isolated, aligned or clustered.  

The goal of non-destructive examination for discontinuities in materials and welds 
are to determine whether or not the continuity and homogeneity of a component are 
adequate for its use. 

Identified discontinuities are relevant as either rejectable or nonrejectable conditions 
in a part. An evaluation usually is made with reference to a design basis and may include a 
code or rule-based criteria for acceptance and rejection. The evaluation of a discontinuity 
generally requires an adequate measurement of its size and location and identification of its 
character. Discontinuities are evaluated completely by determining their location, number, 
shape, size, orientation, and type. The term defect has many meanings and is used to 
describe almost any variation in metal structure: discontinuity, imperfection, flaw, 
inhomogeneity or heterogeneity. Defects may be of mechanical or metallurgical types. 
 
1.Porosity 
Porosity - pockets or voids usually spherical in shape – is caused by entrapment of gas 
evolved during weld metal solidification. 

Spherical gas pockets, non-spherical voids, elongated tubular gas pockets (described 
as worm holes or tunnelling) can occur. A large isolated gas pocket is also referred to as a 
blowhole and may be partially filled with slag. 

More info about this article: http://ndt.net/?id=19589
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2.Elements causing porosity 
A major element causing or contributing to formation of porosity is hydrogen, supplied by: 

2.1 The gas atmosphere surrounding the arc zone and weld deposit area; 
2.2 The presence of moisture in the atmosphere, flux or electrode coating, or 
water in the area being welded; 
2.3 Cellulose or other hydrogen-forming constituents in the flux or electrode 
coating; 
2.4 The base metal itself. 

The welding arc’s intense heat dissociates the water vapour and other hydrogen-bearing 
constituents. In the atomic state, hydrogen diffuses readily into the molten material. As the 
molten metal cools, the solubility of hydrogen decreases for several common metals. 
As molten weld material decreases, hydrogen tends to diffuse out of the weld deposit into 
the atmosphere and also into the adjacent heat-affected zone of the base material. 
 

Temperature decreases, however, generally occurs so rapidly that diffusion does not 
take place fast enough to allow hydrogen content to remain within its solubility limits in the 
molten metal. The resulting super-saturation causes the combination of hydrogen and 
porosity formation. 

Being lighter the molten metal, gas bubbles tend to rise to the weld deposit’s 
surface. If the bubbles fail to reach the surface before solidification, they will be entrapped 
as internal porosity. If they reach the surface, they may appear as external or surface 
porosity. When weld solidification occurs as dendritic growth, the voids may also become 
entrapped along the grain boundaries. Other impurities may also precipitate out. 

Gas bubbles may also form by chemical reactions. Thus, porosity tends to form 
when oxides in the weld puddle are reduced by hydrogen or carbon at or slightly above 
their melting point.    

Thus, the presence of deoxidisers, when added to filler metals, may reduce the oxide 
reducing actions, minimizing in turn the tendency toward porosity formation. Worm holes 
or tunnelling can be caused primarily by turbulence in the weld pool, usually a result of 
excessively high welding currents. 

Among the welding processes, the tendency for porosity formation is greatest in 
manual metal arc welding with coated electrodes. This is due to the moisture in the coating 
and the heavier than normal surface oxidation of the core wire. 
The tendency for porosity is somewhat less with Mig welding. Nevertheless, porosity can 
form, particularly with the smaller diameter wires which have a high surface-to volume 
ratio, and may thus contain significant oxidation and absorbed moisture. Grease and oil 
lubricants on the wire may also provide the hydrogen resulting in significant porosity. 

The tendency for porosity formation is least with Tig welding. To minimize 
porosity in aluminium welds, surface treatment is particularly important to minimize the 
presence of oxides, moisture and other sources of hydrogen. 

Very rarely has porosity been associated with actual service failures. No failures 
have been reported in welds where the porosity was applicable code requirement. Quite 
likely, porosity limits two to four times those now established in codes could be tolerated in 
the majority of critical service applications. 
There is significant divergence among the major codes on the acceptability limits 
applicable to porosity. Porosity, even under the most liberal acceptability limits of the 
standards, is not likely to result in service failures so long as it is removed from the surface. 
Far more critical are surface conditions or notches, which can trigger mechanical or 
metallurgical failures. Latest results and codes should however be checked. 
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3.  Common Types of Porosity 
a. Uniformly distributed (random), spherical porosity indicates that the cause of the 

difficulty has been average over the entire weld. 
b. Clustered (localized) spherical porosity occurs in zones where there has been a change  

in the welding process, especially when welding has been stopped and started up again; 
in such cases the pores would be spherical. 

c. Spherical porosity in a linear grouping is confined to the early stages of the weld, often 
following a joint edge. It is usually indicative of contaminated material. 

Spherical porosity is usually easy to identify in a radiographic image, although it is possible 
to have inclusions that are similarly shaped.  
 
3.1 Piping 
Piping is a term applied to porosity of a tear-drop shape; it usually has a linear distribution. 
The condition is easily recognized in a radiograph because of its streamlined shape and 
customary grouping. 
 
3.2 Herring Bone Porosity 
Herring bone porosity is a special case, occurring in automatic arc welding processes. It has 
a tear drop shape, similar to piping porosity, and is distributed in linear fashion with a high 
degree of regularity. Herring bone porosity is caused by contamination, generally the 
presence of air. In the gas metal arc process, a special atmosphere provided by the 
equipment helps avoid this discontinuity.   
 
4. Penetrameters (IQI’s) and Visibility of Discontinuities 
It should be remembered that even if a certain hole in a penetrameter is visible on the 
radiograph, a cavity of the same diameter and thickness may not be visible. The 
penetrameter holes, having sharp boundaries, result in abrupt, though small, changes in 
metal thickness whereas a natural cavity having moer or less rounded sides causes a gradual 
change. Therefore, the image of the penetrameter hole is sharper and more easily seen in 
the radiograph than is the image of the cavity. Similarly, a fine crack may be of 
considerable extent, but if the X-rays or gamma rays pass from source to film along the 
thickness of the crack, its image on the film may not be visible because of the very gradual 
transition in photographic density. Thus a penetrameter is used to indicate the quality of the 
radiographic technique and not to measure the size of the cavity which can be shown. 

In the case of a wire type image quality indicator (IQI), the visibility of a wire of a 
certain diameter does not assure that a discontinuity of the same cross section will be 
visible. The human eye perceives much more readily a long boundary than it does a short 
one, even if the density difference and the sharpness of the image are the same.  

 
5. Interpretation of rounded indications based on codes and standards  
The following codes address types, sizes, acceptance, and rejection of rounded indications. 

 
5.1 ASME VIII Division 1 Appendix 4  
ASME describes rounded indications as indications with a maximum length of three times 
the width or less on the radiograph as rounded indications. These indications may be 
circular, elliptical, conical, or irregular in shape and may have tails. The indication may be 
from any imperfection in the weld, such as porosity, slag, or tungsten. 
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5.1.1 Relevant Indications. 
Only those rounded indications which exceed the following dimensions shall considered 
relevant. 

1. 1 /10 t for t less than 3 mm 
2. 0.39 mm for t from 3 mm to 6mm 
3. 0.79 mm for t greater than 6 mm to 50 mm included 
4. 1.6 mm for t greater than 50 mm 

5.1.2 Maximum Size of Rounded Indication. 
The maximum permissible size of any indication shall be 1/4t, or 4 mm whichever is 
smaller; except that an isolated indication separated from an adjacent indication by 25 mm 
or more may be 1/3 t or 6 mm whichever is less. For t greater than 50 mm the maximum 
permissible size of an isolated indication shall be increased to 10 mm. 

 
5.1.3 Aligned Rounded Indications. 
Aligned rounded indications are acceptable when the summation of the diameters of the 
indications is less than t in a length of 12t.  

 
5.1.4 Weld Thickness t Less than 3mm. 
For weld thickness t less than 3 mm the maximum number of rounded indications shall not 
exceed 12 in a 150 mm length of weld. 

 
5.1.5 Clustered Indications. 
For clustered indications the length of an acceptable cluster shall not exceed the lesser of 25 
mm or 2t. Where more than one cluster is present, the sum of the lengths of the clusters 
shall not exceed 25 mm in a 150 mm length weld. 
 
5.2 API Standard 1104 : 2005  
API deals with porosity as follows: 
5.2.1 Individual or scattered porosity shall be considered a defect should any of the 
following conditions exist: 

a. The size of an individual pore exceeds 3 mm. 
b. The size of an individual pore exceeds 25% of the thinner of the nominal wall 

thickness joined. 
 

5.2.2 Cluster porosity that occurs in any pass except the finish pass shall comply with the 
criteria in a. above. Cluster porosity that occurs in the finish pass shall be considered a 
defect should any of the following conditions exist. 

a. The diameter of the cluster exceed 13 mm. 
b. The aggregate length of cluster porosity in any continuous 300 mm length of weld 

exceeds 13 mm. 
 

  

5.3 ISO 5817:2014  
ISO deals with gas pores and uniformly distributed porosity as follows:  

 
5.3.1 Gas pore and Uniformly Distributed Porosity 
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a) Maximum dimension of the area of imperfection related to the projected area. 
Quality level B permits the following: 1. For single layer: ≤ 1 % 2. For multi-layer: 
≤ 2 % 

b) Maximum dimension for a single pore for butt welds: d ≤ 0.2s, but maximum 3 mm. 

5.3.2 Clustered or Localized Porosity 
The total gas pore area within the cluster is represented by a circle of diameter dA 
surrounding all the gas pores. Quality level B permits: dA ≤ 15 mm or dA,max ≤ Wp/2. 

 
5.3.3 Linear Porosity 
For butt welds: Quality level B permits h ≤ 0.2 s, but maximum of 2 mm, l ≤ s, but 
maximum 25 mm (h is maximum size of individual pore, s is nominal butt weld thickness, l 
is length between two outermost pores) 
 
Conclusion 
The previous mentioned codes and standards clearly indicate that the acceptable 
dimensions of different types of porosity vary from one acceptance standard to another. 
Acceptance of porosity must be agreed by between contracting parties. 
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