
Inherent Through-Wall Depth Limitations 

on Blunt Discontinuities in Welds 

Average weld pass thickness associated with a given welding 

process and procedure establishes an upper limit to the 

through-wall dimensions of discontinuities associated with 

porosity and slag 

BY M. B. KASEN, G. E. HICHO, AND R. C. PLACIOUS 

ABSTRACT. It is shown that the through-
wall depth of porosity and slag in a 
multipass weld is confined to a dimension 
equal to or less than that of the thickness 
of the weld pass in which the discontinu
ities occur, or to the average weld pass 
thickness as measured between the plate 
surfaces. Therefore, a meaningful upper 
limit to the through-wall dimensions of 
such discontinuities can be established by 
characterizing the average weld pass 
thickness associated with a given welding 
process and procedure. 

This information greatly simplifies the 
application of fracture mechanics princi
ples to assessment of flaw significance. It 
is shown that no suitable relationship 
exists for predicting the discontinuity 
depth from the radiographically 
projected dimensions. 

Introduction 

The National Bureau of Standards has 
undertaken a comprehensive program to 
refine the fitness-for-purpose approach 
to assessing the significance of disconti
nuities in field girth welds of large diame
ter pipelines (Ref. 1). This approach, first 
used on the Trans-Alaska Pipeline System 
(TAPS) (Ref. 2), uses fracture mechanics 
principles to relate allowable discontinu
ity sizes to imposed loads, and to the 
properties of materials used in fabrica
tion. The end product is an accept/reject 
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curve having discontinuity length, L, as 
the ordinate, and through-wall disconti
nuity depth, D, as the abscissa. Disconti
nuities having L vs. D combinations falling 
above the applicable curve are rejecta-
ble; combinations below the curve are 
acceptable. Such curves are easily used in 
the field, provided that detected discon
tinuities can be properly dimensioned. 

Two-Dimensional Radiography Limitations 

When radiography is used as the 
inspection tool, discontinuity length can 
be directly measured from the radio-
graphic film. But inferring through-wall 
depth dimensions from a two-dimension
al radiograph is a difficult process, fraught 
with inaccuracies. 

It is theoretically possible to correlate 
the increase in radiographic density 
caused by the discontinuity with disconti
nuity depth, and this approach was used 
with some success during the TAPS pro
gram (Ref. 2). However, uncertainties 
associated with such measurements 
required the imposition of large safety 
factors on discontinuity size, leading to 
unrealistic conservatism in judging their 
significance. 

Subsequent research has shown that 
the reliability of such determinations 
couid be somewhat improved by estab
lishing closer control over the field radio-
graphic conditions (Ref. 3), and by intro
ducing sophisticated electronic micro-
densitometry techniques (Ref. 4). It is not 
clear, however, that the benefits thus 
achieved would justify the additional 
inspection cost. 

Possible Alternative to Dimensioning 
Problem 

A simple alternative was suggested by 
the TAPS study (Ref. 2). This had shown 
that a linear relationship existed between 
the through-wall depth of arc strikes and 
the widths of the strikes as observed on 
the radiograph. If a similar correlation 
could be established for the depths of 
other types of discontinuities, it might 
provide a way of at least partially circum
venting the dimensioning problem. 

The most likely candidates were 
porosity and slag, whose three-dimen
sional character suggested that the radio-
graphically projected dimensions might 
also be correlated with through-wall 
depth. At the very least, it appeared 
unlikely that the maximum depth of such 
discontinuities would exceed that of the 
weld pass in which they formed. 

It was the objective of the experiments 
described in this paper to document the 
validity of these assumptions. 

Procedures 

Pipeline girth welds containing natural
ly occurring porosity and slag were cut 
out circumferentially adjacent to the 
weld reinforcement. Porosity-containing 
welds were made with both manual 
(SMA) and fully automatic welding pro
cesses. The sections were radiographed 
normal to the welds and in the plane of 
the pipe, revealing both discontinuity 
length (or width) and through-wall depth 
of individual discontinuities. Slag in the 
form of elongated inclusions required 
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Fig. 1 - Experimentally determined relationship 
between the radiographically projected image 
of blunt discontinuities and through-wall 
depth: A—slag; B—porosity; C — arc strike 
(burn) diameter vs. depth (Ref. 2). Hatched 
regions in A and B represent one standard 
deviation around the mean weld pass depth 

fur ther sectioning of the welds d o w n the 
centerl ine, and independent study o f 
each half. 

Several methods we re investigated fo r 
dimensioning the discontinuities. The 
most accurate and convenient m e t h o d 
p roved to be direct measurement of the 
discontinuity images enlarged up to four 
diameters by an image-enhancing televi
sion system (IETV). Corre lat ion o f discon
tinuity dep th w i t h we ld pass thickness 
required measurements o n pol ished and 
etched w e l d cross sections passing 
th rough the discont inuity o f interest. 

Results and Discussion 

The experimental ly de termined rela
t ionship b e t w e e n the radiographically 
p ro jec ted discontinuity dimensions is 
s h o w n in Fig. 1. Similar data illustrating the 
relationship b e t w e e n the through-wal l 
dep th and the thickness o f the w e l d pass 
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in wh ich the discontinuities occur red are 
s h o w n in Fig. 2. Results of the pr ior 
studies w i t h arc strikes (Ref. 2) are includ
ed in Fig. 1. 

Both techniques con f i rmed that the 

® 

through-wal l dep th o f porosi ty and slag is 
essentially conf ined t o a dimension equal 
t o or less than that o f the thickness o f the 
we ld pass in wh ich they occur (or the 
average we ld pass thickness as measured 
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Fig. 2 - Experimentally determined relationship between through-wall depth of porosity and slag, and thickness of the weld pass in which the 
discontinuity occurred: A —porosity; B — slag 
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Fig. 3-Fracture of porosity-containing auto
matic weld illustrating penetration of a sound 
pass into a pass containing discontinuities with
out transfer of porosity between passes: A — 
microstructure; B — macrostructure wherein 
weld penetration has clipped off the tops of 
the "herringbone" porosity 

between the plate surfaces). The width 
of slag stringers was always less than slag 
depth. For porosity, however, the dis
continuity width was equal to or larger 
than the discontinuity depth. The 
projected length and depth of porosity 
appears to be linearly related for very 

small pores, but the relationship breaks 
down as pore size approaches the weld 
pass depth. 

Additional evidence that porosity in an 
underlying pass is not extended into a 
successive pass during multipass welding 
is provided by the fracture of a porosity-
containing automatic weld shown in Fig. 
3. Here, a succeeding pass has cut into 
the porous region of an underlying pass; 
this is evidenced by the clipped tops of 
the "herringbone" porosity. But the qual
ity of the succeeding pass has not been 
adversely affected. 

Conclusion 

Results of the investigation confirm 
that porosity and slag are confined to the 
weld pass in which they form. Also, a 
meaningful upper limit to the through-
wall dimensions of such discontinuities 
can be obtained by characterizing the 
average weld pass thickness associated 
with a given welding process and proce
dure. 

It is unlikely a more precise dimension
ing of these discontinuities would be 
necessary in pipeline girth welds. This is 
because fracture mechanics analysis (Ref. 
5) suggests most discontinuities having 
depths limited by weld pass depth would 
be acceptable with lengths exceeding 
that likely to occur in practice. This is 
equivalent to concluding that blunt dis
continuities, such as porosity, slag and arc 
strikes, may be considered innocuous 
from a fitness-for-purpose point of 
view. 

This conclusion has been independent
ly corroborated by a study showing that 

the probability of crack initiation from 
even a very large content of such discon
tinuities is negligible, even under low-
cycle fatigue conditions (Ref. 6). 
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