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Lamellar Tearing in Fillet Weldments 
of Pressure Vessel Fabrications 

Investigation of two distinct modes of crack propagation in 
cracked pressure vessel fillet welds leads to development 

of a method to evaluate susceptibility to plate cracking 

BY A. D. HATTANGADI AND B. B. SETH 

ABSTRACT. Fractographic analyses of 
several cracked weldments from pres
sure vessel fabrications of ASTM A515 
Grade 65 carbon steel plates are present
ed. Two distinct modes of plate crack
ing—classical lamellar tearing and abrupt 
brittle fracture —are observed. 

A model using the fracture mechanics 
approach is developed to explain the 
two modes of cracking. Based on this, a 
screening criterion for the plates using 
conventional tensile and Charpy impact 
tests in the through-thickness direction of 
the plates is proposed. 

Introduction 

Lamellar tearing has gained increasing 
interest from both the steel making indus
try and the fabrication industry. The phe
nomenon of lamellar tearing is defined 
typically by pull-out fractures which 
occur when rolled steel plates are joined 
by means of multi-run fillet welds. Strains 
develop as a result of these welds in the 
thickness direction of the plates. If these 
strains are large enough, fractures occur 
in the material near the weld prefer
entially, following the laminated inclu
sions in the rolled plates. 

Considerable study has been done on 
lamellar tearing (Ref. 1-3) to verify the 
effects of plate quality, welding parame
ters and structural design factors. Howev
er, this has primarily been limited to the 
use of small scale simulated weld tests. 
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the Steam Turbine-Generator Divisions of the 
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Sufficiently high constraints can be 
developed in such tests through the 
proper use of specimen design, welding 
sequence and other related welding 
parameters. D. Elliott (Ref. 3) has report
ed micromechanisms of the lamellar tears 
only through the use of such simulated 
weld tests. In his paper, he deals with the 
relationship between fracture propaga
tion and the micromechanisms of lamellar 
tearing. 

The main disadvantage of such tests is 
that they frequently exhibit only the 
lamellar tearing mode of fracture. In real
ity, however, when structural parts of 
massive weight and dimensions are sub
ject to large welding strains and mechan
ical constraints, a brittle mode of fracture 
appears in addition to the lamellar tear
ing. So when one considers the potential 

for cracking during welding, both these 
modes of cracking should be evaluated. 

The intent of this paper is to describe 
these two distinct modes of fracture — 
namely, lamellar tearing coupled with 
brittle fracture. Details of fractographic 
examination are presented for subse
quent analysis. A model based on the 
fracture mechanics approach is proposed 
to explain the two modes of cracking. 
The model further lends itself to making 
engineering estimates on the critical size 
of lamellar tears. These are compared 
with the actual sizes typically observed in 
the weldments. 

The paper also discusses how the 
through thickness tensile ductility and 
Charpy V-notch impact strength can 
effectively be used to evaluate the sus
ceptibility of plates to lamellar tearing. 

Table 1—Details of Weldment Examined 

Weldment 
identifi
cation 

A 

A1 

A2 

li 

C 

Plate 
thick
ness, 
in.-8) 

3 

3 

4 

3.25 

2.50 

Material 

ASTM A 515 
GR65 steel 

ASTM A 515 
GR65 steel 

ASTM A 515 
CR65 steel 

ASTM A 515 
CR65 steel 

ASTM A 515 
CR65 steel 

Location 
of tear 

0.25 in. from 
fillet weld 
edge 

0.25 in. from 
fillet weld 
edge 

0.25 in. from 
fillet weld 
edge 

0.125 in. 
from weld 
edge 

Fillet weld 
edge 

Tear 
length, 

in.W 

10 

24 

40 

20 

49 

Welding 
process 

Submerged arc 

Submerged arc 

Submerged arc 

Submerged arc 

Cas metal arc 

" 1 in. = 25.4 mm. 
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Fig. I — Three weldments showing crack locations. Numbers in circles represent normal welding 
sequence 

Examination of Failed Weldments 

Background Information on Cracked 
Weldments 

Three different types of weldment 
assemblies used in the manufacture of 
pressure vessel fabrications were exam
ined for fractographic investigation. Sche
matic representation of these weld joints 
with their respective crack locations are 
shown in Fig. 1. 

Weldment assemblies B and C in Fig. 1 
ranged from 6 to 8 ft (1.8 to 2.4 m) in 
size. On the other hand, assembly A was 
a more complex fabricated structure with 
dimensions ranging up to 30 ft (9.1 m). A 
small portion highlighting crack locations 
in assembly A is, therefore, shown. Sub-
assembly C, being relatively smaller in 
size, was welded with gas metal arc, 
while the other two were submerged arc 
welded at higher heat inputs and rates of 
welding. 

The massive size and weight of these 
fabrications shown in Fig. 1 offered con
siderable mechanical constraints to the 
various weldments. These coupled with 
welding strains produced cracks under 
the weldments as long as 49 in. (1.24 m) 
in some cases. Table 1 lists the extent of 
such cracking in the weldments as seen 
on the surface of the cracked plates. 
Weldments A and B with L joint design 
showed cracks up to 0.25 in. (6.4 mm) 
removed from the outer edge of the fillet 
weld, whereas weldment C revealed 
cracking right along the toe of the 
weld. 

The cracked plates employed in the 
weldments were made of carbon steel to 
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fig. 2 - Cleanliness (left) and microstructure (right) of cracked plates: 
A -plate for assembly A; B-plate for assembly B; C-plate for 
assembly C. X100 (reduced 61% on reproduction) 

V 

Fig. 3 - Transverse sections through cracked weldments (reduced 57% on 
reproduction) 
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ASTM A515 Grade 65 specifications. 
Table 2 lists the chemical compos i t ion 
and in-plane mechanical propert ies o f 
these plates as compared w i t h the ASTM 
A515 Grade 65 carbon steel specifica
tions. The ident i ty o f the roll ing di rect ion 
o f the original plates was not retained. 
Therefore , the in-plane tests cou ld be at 
an angle ranging f r o m 0 to 90 deg f r o m 
the rolling d i rect ion. 

Figure 2 shows une tched and e tched 
microphotographs o f the plates w i t h their 
typical inclusion content and microstruc
tures. Note the long rol led-out inclusions. 
These w e r e later ident i f ied t o contain 
M n , S, A l , and Si. All of the microstruc
tures show the relatively coarse grain size 
of the plates typical of the Si deox idat ion 
practice emp loyed in their manufacture. 
Also, whi le the plates w e r e g iven a nor
malizing heat t reatment , the samples 
show varying degrees o f ferr i te-pearl i te 
banded structure. 

Metallographic and Fractographic 
Examination 

Large sections o f the cracked w e l d 
ments w e r e selected for fur ther f racto
graphic investigation. T w o such typical 
cross sections are shown in Fig. 3 fo r 
we ldments A and C. In the case of 
we ldmen t A, the crack lies primari ly in the 
base metal . W e l d m e n t C, on the other 
hand, shows cracking in the heat-affect
ed zone. Also, no te the large separation 
in the crack at the we ld toe in we ldmen t 
A. This is indicative of the high strains in 
that area. 

A magnif ied v i ew of the circled area 
f r o m we ldmen t C is presented in Fig. 4B. 
The micrograph shows classical lamellar 
tearing morpho logy (Ref. 1). As the we ld 
strains normal to the plate thickness 

Table 2—In-Plane Properties of Cracked Plates 

Mechanical 

Tensile strength, ksita| 

Fracture strength, ksi 
0.2"o yield strength, ksi 
Elongation in 8 in., "o 
Elongation in 2 in., °o 
Charpy V-notch energy, ft-lb"5' 
Test orientation 
Number of tests 

Chemical, % 

C (max) 
Mn (max) 
P (max) 
S (max) 
Si 

ASTM A 515 
CR65 Steel 

65-77 

35 min. 
19 min. 
23 min. 

In plane 
1/plate 

0.33 
0.90 
0.035 
0.040 

Cracked 
plates 

66-77 
110-162 
35-45 

24-39 
39-50 

In plane 
5/plate 

0.26-0.31 
0.77-0.90 

0.003-0.017 
0.023-0.028 

0.19-0.26 

(,)ksi X 6.814757 = MPa. 
'"ft-lb X 1.355818 = |. 

increase, decohesion b e t w e e n the " la 
mel lar" inclusion and matrix takes place at 
the interface. This results in fo rmat ion of 
e longated voids. Such voids adjacent to 
each other later join w i t h increasing c o n 
straint on the we ldmen t by a shear wal l . 
This is s h o w n schematically in Fig. 4A. 
Wh i le these shear walls are generally 
transgranular, some ev idence o f their 
intergranular nature cou ld be seen in Fig. 
4C. 

Due to the rather discont inuous nature 
of cracking, these we ldments had to be 
sect ioned further. Such small sections 
f r o m each we ldmen t w e r e o p e n e d for 
f ractographic examinat ion. This p roce
dure made the task of ident i fy ing crack 
initiation diff icult. 

Opt ica l inspection o f the fractures at 
l o w magnif icat ion s h o w e d a typical b lend 
o f f ibrous patches w i t h w o o d y appear-
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Fig. 4 —Details of lamellar tear from weldment C: A-schematic oi lamellar tear formation; 
B-magnified view of circled area in Fig. 1 assembly C; C-evidence of intergranular nature of 
shear walls. B and C — X100 (reduced 43% on reproduction) 

ance and large shiny, granular areas. The 
f ibrous patches, darker in color, w e r e 
characteristic of lamellar tears. Their dark
er shade in contrast t o the surrounding 
granular areas suggest that these w e r e 
the pr imary fractures sites. O n e such area 
f r o m we ldmen t C is s h o w n in Fig. 5. This 
shows an elliptical lamellar tear about 
0.15 in. (3.8 mm) w i d e and 1 in. (25.4 mm) 
long in the background o f granular frac
ture. 

Further f ractographic w o r k was c o n 
centrated in ident i fy ing f racture features 
in the lamellar tear and the granular areas. 
A scanning electron miscroscope (SEM) 
was used to examine the f racture sur
faces. For the sake o f interpret ing details 
of lamellar tear as seen on the SEM, one 
must be familiar w i th its schematic repre
sentation s h o w n in Fig. 6A. W i t h increas
ing we ld ing strains and mechanical con
straint, rol led-out e longated inclusions 
decohese f r o m the adjacent matrix mate
rial, fo rming e longated voids. The main 
reason for the elongated inclusions to 
decohese at their interfaces in preference 
to globular inclusions is the relatively 
lower surface energy associated w i t h 
them (Ref. 4). Voids thus f o r m e d jo in 
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Fig. 5 — Typical fracture surface from weld
ment C A —patch of lamellar tear; B-brittle 
fracture. X2.5 (reduced 28% on reproduc
tion) 
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Fig. 6 — Fractographic details of lamellar tear from weldment C; A - schematic representation of lamellar tear; B — fractographic features corresponding 
to micromechanisms; C and D - elongated inclusions in terrace region enclosed by equiaxed dimples containing globular inclusions. B — X800, C - X600, 
and D — X600 (all reduced 49% on reproduction) 

each other to form horizontal "terrace" 
regions. Such regions are developed at 
several different locations along the 
length and the width of the weldment. 

With additional welding strains, shear 
deformation occurs in the areas separat
ing the terrace regions. This involves 
relatively smaller inclusions, {~5g) 
through localized ductile deformation. 
Such regions are defined as "shear 
walls"; they consist of small ductile dim
ples. 

Fractographic features corresponding 
to the micromechanisms explained above 
are shown in Fig. 6B for the lamellar tear 
from weldment C. Note the elongated 
strip-like inclusions in the terrace region. 
These are enclosed by equiaxed dimples 
containing globular inclusions. This is 
shown in Figs. 6C and 6D. 

Inclusions observed on the terrace 
regions were analyzed using the energy 
dispersive x-ray analyzer attachment of 
the SEM. They were found to contain 
Mn, Si, S, and Al —Fig. 7. Lighter phase 
inclusions (rich in Mn and S) are sur
rounded by darker phase inclusions (rich 
in Mn, Si and Al). Individual inclusions rich 
in Mn and Si were also seen in such 
regions. Globular inclusions located on 
the shear wall, on the other hand, were 
found to contain S and small amounts of 
Al. 

Granular fracture surrounding the 
patch of lamellar tear was then examined 
on the SEM. Topographical features were 
typical of low energy brittle fracture. One 
such area from the weldment C fracture 
is shown in Fig. 8. The river markings on 
the transgranular facet indicate the brittle 

Fig. 7 — EDS spectra of inclusions found in the 
terrace regions 

mode of fracture. 
While the fractographic features pre

sented in this paper pertain exclusively to 
the weldment C fracture, similar details 
were also noted on the others. In all 
weldment fractures examined, there was 
definite evidence of two distinct modes 
of cracking —lamellar tearing and brittle 
mode of propagation. 

Mechanical Properties of Cracked Plates 

The plates involved in the three weld
ment cracks were tested for their 
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mechanical properties in the through-
thickness direction. Tensile tests would 
give a direct measure of the plate ductili
ty. Plate ductility, in turn, is influenced by 
the inclusion morphology and can there
fore be correlated to the lamellar tearing 
mode of fracture. Charpy impact tests, 
on the other hand, would simulate the 
transgranular brittle mode of fracture and 
relate to the toughness characteristics of 
the plates. 

Buttonhead tensile and Charpy V-
notch (CVN) specimens shown in Fig. 9 
were machined from the cracked plates 

Fig. 8 —SEM fractograph showing brittle mode of crack propagation: top-X2.5; bottom -X500 
(both reduced 24% on reproduction) 
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Fig. 9 — Tensile and Charpy V-notch impact specimens (dimensions in 
inches) 

Fig. 10 (right) - Through thickness 
CVN impact test results for the 

cracked plates 
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in the through thickness direction. The 
notch was machined so that the fracture 
plane coincided with the cracking plane 
in actual weldments. Tensile specimens 
were pulled at ambient temperature in 
the Universal Instron testing machine at a 
constant strain rate of 750% per hour. 
This facilitated computing elongation (a 
measure of ductility) using two indepen
dent techniques —one by the conven
tional method of putting broken speci
mens together and measuring the exten
sion of original gage length; the other 
from noting the overall duration of the 
test. The two methods showed good 
agreement to within ±5% of the abso
lute percent elongation values. 

Charpy V-notch impact tests were 
conducted at ambient and higher tem
perature in compliance with ASTM E-23. 
CVN energy vs. temperature and % gran
ular fracture vs. temperature curves were 
developed for the cracked plates. Results 

of these mechanical tests are presented 
in Table 3 and Fig. 10. 

While yield and tensile strength values 
in the through thickness direction of the 
plates are generally lower than those in 
the in-plane direction (Tables 1 and 3), 
substantial difference in the correspond
ing elongation and reduction in area val
ues can be noted. This is typically indica
tive of the poor ductility levels of the 
plates in the through thickness direction. 
Note that all the plates show FATT (Frac
ture Appearance Transition Tempera
ture) values above ambient temperature. 
The room temperature CVN energy val
ues were not only significantly lower than 
those in the in-plane direction, but were 
very low. This indicates the relatively low 
toughness properties of the plates in the 
through thickness direction. 

Ductility parameters (elongation, re
duction in area) and toughness values 
(CVN energy) at ambient temperature 

are further plotted in Fig. 11. Note that 
the average elongation and reduction in 
area values for the cracked plates are less 
than 12 and 16% respectively, while CVN 
energy values are longer than 12 ft-lb 
(16.31). 

Discussion 

The metallographic and fractographic 
investigation of cracked fillet weldments 
described in this paper suggest two 
prominent modes of crack propaga
tion—classical lamellar tearing and brittle 
transgranular mode. Previous investigato
rs (Ref. 1, 3) have not observed the brittle 
mode of fracture, but have only simu
lated lamellar tearing through the use of 
small scale weld tests. Both modes must 
be accounted for to prevent cracking in 
components massive in weight and 
dimensions. 

The topographical features of lamellar 

Table 3-

Plate 
identifi
cation 

A 
A l 
A2 
B 
C 

-Through-Thickness Tensile and CVN Properties 

Yield 
strength, 

ksi<a> 

34.7-35.9 
34.5-35.7 
27.1-28. I 
34.8-35.1 
35.8-36.2 

Tensile 
strength. 

ksi 

50.7-73.0 
50.2-63.9 

-
66.8-73.6 
65.5-65.8 

of Cracked Plates (Ambient Temperature) 

Fracture Elonga-
strength, tion, 

ksi % 

65.2-68.8 6-7 
54.4-66.1 5-10 
52.5-70.9 4-9 
68.9-83.3 8-17 
69.8-70.0 7-13 

Reduction 
in 

area, % 

11-17 
7-14 

10-22 
7-20 
7-12 

CVN 
energy, 
ft-lb(b) 

4-5 
5-10 
6-7 
6-7 
9-16 

FATT, 
°p(c> 

160 
170 
170 
118 
150 

la)ksi X 6.894757 = MPa. 
(b>ft-lb X 1.355818 = I. 
< o . c _ 5 /<, ( . , r _ 32) 
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tearing observed on the fractures are 
very similar to the ones reported earlier 
by D. N. Elliott (Ref. 3) on simulated weld 
tests. The preferential decohesion be
tween inclusion and matrix material for 
manganese silicates and sulfides can be 
explained on the basis of their shapes. 
These are elongated, thin inclusions with 
low surface energy and high stress con
centrations at their tips, unlike the globu
lar inclusions. Hence, silicates and sulfides 
are the prime agents in the formation of 
terrace regions of the lamellar tear. Glob
ular inclusions, on the other hand, partic
ipate in the shear wall formation and 
subsequent joining of the terrace regions. 
It is obvious from this mechanism that the 
non-metallic inclusions play a significant 
role in the formation of a lamellar tear. 

It is not the authors' contention to 
presume that different types of weld 
defects such as porosity, slag, hot tears, 
lack of fusion, etc. may not be crack-
initiating sites. These certainly can con
tribute to crack initiation under high levels 
of constraint in the weldments. However, 
the main intent of the fractographic 
investigation described in this paper was 
to identify the mechanisms of crack prop
agation. Due to the enormous sizes of 
the fractures involved, it was almost an 
impossible task to pinpoint the crack 
initiation sites let alone relate them to any 
kind of weld defects. 

The darker tinge associated with lamel
lar tear patches in contrast to the brittle 
fracture background suggests that lamel
lar tearing is the initial mode of fracture. It 
is conceivable that during the cooling 
process, residual welding strains in addi-
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Through-thickness tensile and CVN impact data from cracked plates (ambient temperature 

tion to mechanical constraint build up 
under fillet weldments. Several patches 
of lamellar tears form, when these strains 
reach sufficiently high level along the 
length and width of the weldment. 

When the patches grow to a critical 
size tolerated by the welded plates (or 

the heat-affected zone in the plates, as 
the case may be), any additional build-up 
of stresses in such regions causes the 
weldment to fracture abruptly in a brittle 
manner. Thus, lamellar tearing can be 
visualized as a fracture mechanism up to 
a critical size (subcritical growth) and the 
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Fig. 12 — Schematic representation of factors affecting weldment crack
ing 
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Fig. 13 —Kk: vs. temperature for weldment C based on through-
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brittle mode as a mechanism beyond the 
critical levels of lamellar tears (post-critical 
growth). Such a model for the analysis of 
cracking in structures with fillet weld
ments is further substantiated by all the 
fractographic observations described in 
this paper. 

Figure 12 shows a schematic presenta
tion of the model. The factors affecting 
the two modes of fracture are shown 
here, and are self-explanatory. Some of 
these factors are discussed below. 

1. Temperature, lt is documented 
(Ref. 5) that carbon and low-alloy steels 
generally show a ductility trough around 
200 to 400°F (93 to 204°C). Since lamel
lar tearing is strongly influenced by the 
plate ductility, it is likely that such tearing 
occurs in this temperature range. This is 

further confirmed by Kihara and Nishio 
(Ref. 6). Minimizing welding strains in this 
range of temperature can, therefore, 
reduce the chances of lamellar tearing. 

Temperature will also influence the 
brittle mode of fracture. The toughness 
of carbon steel increases with tempera
ture; this, in turn, implies a greater resis
tance to abrupt brittle fracture. Theoreti
cally, therefore, some form of preheat 
should lessen the susceptibility of the 
weldment to brittle fracture. (A word of 
caution on the use of preheat: sectional 
preheating of large structures may result 
in abnormal thermal stresses which will 
not always be beneficial.) 

2. Grain Size. The grain size of carbon 
steel plates has an inverse effect.The 
smaller the grain size, the higher the 
toughness and lower the chances of 
brittle fracture. Grain size, of course, 
depends on the deoxidation practice and 
thermo-mechanical history of the plates. 

Fracture Mechanics Approach 

The fracture model proposed above, 
consisting of subcritical and postcritical 
modes of fracture for the weldments, 
lends itself to the use of linear elastic 
fracture mechanics. One can estimate 
subcritical lamellar tear sizes before the 
brittle fracture triggers in. Linear elastic 
fracture mechanics restricts such analysis 
only to the elastic stress field at the crack 
tips; for this reason, it is not accurate for 
application to lamellar tears. The tears are 
totally a result of localized plastic defor
mation in the vicinity of nonmetallic 
inclusions. While this may be the case, 
engineering estimates can still be made 
for the sake of comparison with fracto
graphic observations. Besides, certain 
corrections such as the triaxial state of 
stress may be employed to account for 
the localized plasticity. 

With the knowledge of fracture tough
ness (or plane strain stress intensity, Kic) 
for the cracked plate steel, one can 
determine critical sizes of lamellar tears. 
Begley and Logsden (Ref. 7) have devel
oped a satisfactory method of computing 
K|C vs. temperature from simple correla
tions involving conventional tensile and 
CVN impact properties. Figure 13 shows 
such a curve developed for weldment C 
based on the lower bound of through-
thickness properties of its plates. 

Critical sizes of lamellar tears are calcu
lated from the following equation for an 
embedded crack in a weldment (Ref. 8): 

K I C
2 [ 0 2 - 0 . 2 1 2 (<x/<xy5)

2] 

where acr = critical lamellar tear, in.; 
K|C = fracture toughness, ksi-in.'/2; 
cr = applied stress, ksi; o-y5 = uniaxial yield 
strength, ksi; <t>2 = shape factor. 

Lamellar tear patches being generally 
elliptical with ratio of major to minor axis 

greater than 5 (refer to Fig. 5), shape 
factor ip2 is taken as 1. The localized 
stresses in the vicinity of the tear are 
assumed to be equal to \J3 times uniaxial 
yield strength of the plate steel because 
of the triaxial state of stress. 

Figure 14A shows critical sizes of ellip
tical lamellar tears plotted as a function of 
KiC. A range of 23 to 30 ksi-in.'/2 (25.3 to 
33 MN \ / m ) of KiC values at ambient 
temperature for cracked plates thus rep
resents a band of critical size (2acr) equal 
to 0.07-0.12 in. (1.8 to 3 mm). For the 
weldment C in particular, the critical size 
(2acr) amounts to 0.12 in. (3 mm); this 
compares fairly well with the size of 
lamellar tear patch observed (see 
Fig. 5). 

Figure 14B, on the other hand, shows 
critical tear sizes as a function of temper
ature. The curve is established on the 
basis of the lower bound of Kic values of 
the cracked plates. Note that the critical 
size (2acr) increases by a factor of 3 with 
temperature rising to 200°F (93°C). 

All the cracked plates examined did 
not show individual inclusions as large as 
those defined by the critical sizes shown 
in Fig. 14. However, in very poor quality 
plates, inclusions of such sizes are likely to 
be present. In a normal situation it is 
conceived that the growth of the tear 
occurs only as a result of the linking of 
several individual inclusions. 

Screening Criteria for Steel Plates 

Two considerations appear significant 
from the proposed fracture mechanics 
model. A plate may withstand yield 
stresses but one would expect a small 
amount of plastic strain in the through 
thickness direction prior to cracking. 
Thus, lamellar tearing would be a prob
lem if significant plastic strain developed 
in the base metal during welding. Howev
er, if general welding conditions are such 
that these strains are reduced, cracking 
may still develop if the fracture toughness 
for the material is low enough and weld 
defects larger than critical sizes exist. It is 
apparent, therefore, that tensile and frac
ture toughness (or CVN impact) tests in 
the through-thickness direction would 
provide a meaningful method of evaluat
ing susceptibility to plate cracking. Since 
through-thickness properties show a 
large variation within a plate due to 
nonuniformity, it is necessary to run sev
eral tests. 

Figure 11 shows the through-thickness 
ductility and toughness properties of the 
cracked plates based on 5 tests per plate. 
It is reasoned that the highest average 
value of these properties could be used 
to develop a screening criterion for such 
plates. Based on this rationale, the follow
ing guidelines can be considered reason
able: T.T. elongation at ambient tempera
ture—12%; T.T. reduction in area at 
ambient temperature—16%; T.T. CVN 
energy at ambient temperature— 12 ft-lb 
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(16.3)). 
While the rationale for developing the 

above criteria can generally be applied to 
similar problems for fillet weldment 
cracking, the specific property values 
used above may vary with different 
applications of the plates. The screening 
criteria mentioned above are considered 
valid only for the ASTM A515 Grade 65 
carbon steel plate weldments discussed 
in this paper. 

Conclusions 

1. Fractographic and metallographic 
investigations of cracked fillet weldments 
from various pressure vessel fabrications 
unlike simulated weldment fractures 
showed two distinct modes of crack 
propagation: (a) classical lamellar tearing; 
(b) abrupt brittle fracture. 

2. Lamellar tearing constituted the pri
mary (initial) mode of crack propagation 
followed by brittle fracture. 

3. Thin, elongated manganese silicate 
and sulfide inclusions were found to be 
significantly influential in lamellar tearing. 

4. The two modes of crack propaga
tion lend themselves to the use of a 
fracture mechanics approach. Lamellar 
tearing can be conceived as the subcriti
cal mode of crack propagation, and brit
tle fracture, the postcritical mode. 

5. Engineering estimates of critical 
lamellar tear sizes made on the basis of 
fracture mechanics seem to agree fairly 
well with the fractographic observa
tions. 

6. Conventional tensile and Charpy 
V-notch tests performed in the through 
thickness direction of the plates offer 
suitable means of evaluating their suscep
tibility to weldment cracking. A screening 
criterion is developed for ASTM A515 
Grade 65 carbon steel plates used in the 
weldments discussed in this paper. 
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