
Analysis of Fatigue Crack Propagation 
Behavior in Fillet-Welded T-Joints 

Experimental observation of crack growth under various 
loading conditions helps to develop predictive model 

BY C. L TSAI, D. S. KIM A N D J. C. PAPRITAN 

ABSTRACT. Using fatigue analysis, crack 
growth behavior in a two-dimensional 
welded T-joint was studied both numeri
cally and experimentally. The geometric 
parameters were weld size, initial crack 
orientation and unsupported flange 
length. Crack growth direction was pre
dicted using the minimum strain energy 
density factor theory. The model was 
compared with an inclined crack in a thin 
plate of finite width. 

The results show that even though the 
fillet size and initial crack orientation af
fected the crack growth in the early stage, 
the cracks tended to converge when they 
entered the far-field stress region. Using 
this observation shows the initial period of 
crack growth could be distinguished from 
the rest of the propagations. 

There was reasonable agreement be
tween the predicted and the experimen
tally observed crack growth paths. A cor
relation between the crack growth rate 
and the driving force parameter range 
was obtained for a T-joint construction 
from hot-rolled AISI 1035 steel. 

Introduction 

The fitness-for-purpose philosophy has 
as its principal goal the development of a 
new approach to quality acceptance cri
teria for weldments based on service re
quirements. However, the ability to judge 
the significance of discontinuities has been 
very restricted because of the limited en
gineering database available. It is widely 
acknowledged that rational and scientific 
investigations, which determine the be
havior of welds with discontinuities under 
various loading situations, should be con
ducted so that systematic guidelines can 
be derived for engineering applications. 

The purpose of this paper is to provide 
a rational basis for an engineering judg
ment of some fillet welded joints and to 
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develop some guidelines for improving 
welding design efficiency. The fatigue 
strength of fillet welded joints is of great 
interest to the structural designers. The 
stress concentration at the fillet toe, with 
or without undercut, is the principal factor 
for crack initiation under the cyclic load
ing. After the initial stages of crack growth, 
the crack grows into the far-field stress 
regions and the effect of the stress con
centration diminishes (Refs. 1, 2). 

In this paper, the results of three major 
tasks are presented: 

1) The development of determination 
methodology for the stress intensity fac
tors for a simple geometry using the 
singular element method. 

2) The investigation of the crack growth 
behavior in a fillet welded T-joint under 
the various loading conditions. 

3) The conducting of an experimental 
fatigue test on fillet welded T-joints with 
and without premachined undercut. 

Following optimum numerical proce
dures, a finite element program was used 
to predict the crack growth path, using 
the minimum strain energy density theory 
in fillet welded T-joints with various fillet 
sizes under different loading and support
ing conditions. The initial growth behavior 
was investigated with respect to the ori
entation of the initial crack. Cracks were 
found to converge when they propa
gated into the far-field stresses. From this, 
the propagation lives could be predicted 
without considering the effect of the ini
tial surface discontinuities. 
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The fatigue tests on T-joints, with and 
without toe undercut, were conducted to 
determine the actual crack growth path 
and to verify the analytical predictions. 
The experimental tests also were used to 
assess the significance of weld toe under
cut on the total fatigue life of the T-joints 
under various loading conditions. 

The finite element calculations were 
conducted on a VAX-8500 computer and 
the fatigue tests were conducted on a 
MTS universal testing machine with a 55-
ton capacity. For the fatigue tests, a fixture 
was designed to load the T-joints in the 
vertical, horizontal, and 45-deg directions. 
Different stress fields and fatigue crack 
initiation sites were produced in the joints. 
Using a traveling microscope, the poten
tial crack initiation sites were carefully ob
served periodically while the weldment 
was being cycled. Once a fatigue crack 
was found, the crack was measured using 
the microscope and remeasured follow
ing each application of a small block of 
loading cycles. In this manner, the fatigue 
crack path and growth rate were deter
mined. 

Results 

Modeling of Crack Tip Behavior 

Stress intensity factors for a number of 
different geometries containing cracks of 
different shapes have been calculated un
der various loading conditions using the 
finite element method. One of the most 
accurate techniques for calculating stress 
intensity factors is the singular element 
method proposed by Barsoum (Ref. 5), 
and Shaw and Henshel (Ref. 6). Singular 
element can be either triangular or quad
rilateral, and by placing the mid-nodes at 
the respective quarter points of the iso
parametric elements, the strain fields of 
the elements at the crack tip have the sin
gularity compatible with that of the theo
retical strain fields. 

Using the extrapolation method along 
the axis of the crack, the stress field ahead 
of the crack tip and the displacement field 
behind the crack tip can be related to the 
distance from the crack tip by polynomial 
functions (Ref. 7). 
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fig. 2 —Modeling of tip elements of an inclined crack. 

K,= 

Kj, = 

(1) 

Where Au = u (0 = TT) - u (6 = -TT) 
Av = v (0 = TT) - v (9 = -ir) 

and « - ( 3 
stress 
/c = 3 -

- e)/(1 + JJ) for plane 

4c for plane strain 
cry and Txy are normal stress and shear 
stress near the crack tip, u and v are nor
mal and horizontal displacements, and K| 
and K|| are stress intensity factors of open
ing and sliding modes. The symbol c is 
Poisson's ratio and n is shear modulus. The 
stress or displacement distributions at the 
crack tip (r = 0) can be extrapolated from 
the calculated slopes. Thus, the stress in
tensity factors are determined as a func
tion of r. 

Table 1—Comparison of Normalized Model 
Stress Intensity Factors for Different 
Methods and Crack Tip Mesh Sizes 

Mesh 
Size 
(L/a) 

0.1 

0.2 
0.5 

Stress 
Method 

Curve-
Linear fitting 

1.11 1.70 
(0.993) 
1.175 1.35 
1.025 

Displacement 
Method 

Curve-
Linear fitting 

1.012 1.007 

1.012 1.007 
1.023 1.023 

Shih 
(Ref, 11) 

1.021 

1.033 
1.095 

Normalized value = Ki (calculated)/!^ (theoretical). 

Assuming the crack grows in the direc
tion perpendicular to the direction of 
maximum principal stress at the crack tip, 
the initiation angle can be determined 
from the following equation: 

tan(0o/2) = K|/4Kn ± 

0.25 VKKi/Kii)* + 8] (2) 

In the linear elastic case, if the strain en
ergy density factor is considered, the 
crack grows in the direction of minimum 
strain energy density factor and the initia
tion angle is given as the following equa
tions: 

d0 = ° a t ( 0C for — -j < 0 < ^ and 

d2s 
d02 > 0 

S = [a„ (0) K,2 + 2a12 (0) K,K„ 
a22 (0) K|,2 + a33 (0) K,ii3]/7r 

(3) 

(4) 

Kt theoretical = o-yVa sec (jra/2w). 
( ) = modified linear solution. 

Where a77 (0) = (1 + cos 0) (K - cos 0)/ 
16^ 
a12(0) = s i n 0 ( 2 c o s 0 - / c + 1)/ 
16^ 
322(0) = [(/C + 1)(1 - COS0) + 
(1 -Fcos 0)(3 c o s 0 - 1 ) ] / 16M 
a33 = 1/4M 

For brittle materials, the crack initiation 
angle is usually governed by the maximum 
principal stresses. However, the shear 
stress component has an increasing effect 
on the initiation angle for more ductile 
materials. Sih (Ref. 8) proposed the strain 
energy density factor as an alternative for 
characterizing the crack initiation angle. 
Ewing, et al. (Ref. 9), compared the two 

theories numerically and experimentally, 
and showed the two theories concurred. 
Broek (Ref. 10) claimed that the results 
obtained using the strain energy density 
theory deviated from those obtained from 
maximum principal theory when the shear 
mode became dominant in the linear elas
tic fracture process. Both theories were 
considered in the analysis of the welded 
T-joints. 

The numerical calculations were per
formed using an elastic-plastic finite ele
ment program with the pre and postpro
cessing programs for mesh generation 
and graphics. Plates with inclined center or 
edge crack under simple tension were 
chosen for the initial study — Fig. 1. For the 
case of the crack perpendicular to the ap
plied stress, three different mesh sizes 
were evaluated using both stress and dis
placement methods to determine stress 
intensity factors. The tabulated stress in
tensity factors for the different cases were 
compared with Shih's results (Ref. 11) and 
summarized in Table 1. 

Figure 2 shows the elements at the tip 
of the inclined crack. For an edge crack 
inclined at 45 deg, K| and Kn were calcu
lated by extrapolation using the displace
ment method for three different mesh 
sizes. Table 2 summarizes the results. 
Agreement between the calculated K| of 
all cases and the theoretical values ob
tained by Tada, etal. (Ref. 12), and Pu, et 
al. (Ref. 13), is shown. The calculated Kn 
values, however, are slightly different 
from the theoretical values. 

For the inclined center cracked speci
men, the calculated K| and Kn for various 
angles of inclination are shown in Figs. 3 
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Fig. 4 — Variation of Kn with crack angle. 

and 4. Figure 5 shows the predicted crack 
initiation angles for an inclined center 
crack in an infinite plate having various 
K|/Kn ratios. For the elastic solutions, the 
initiation angles predicted using the max
imum principal stress theory and strain 
energy density theory are in good agree
ment with the K|/Kn ratio is less than 1. As 
indicated by Broek (Ref. 10), however, 
when the ratio is greater than 1, the strain 
energy density factor theory predicts 
larger initiation angles than the maximum 
principal stress theory. Table 3 shows the 
comparison between the predicted re
sults and Sih's (Ref. 8) and Ewing, et al. 's 
(Ref. 9), experimental results. The pre
dicted results are in good agreement with 
the experimental results. 

Prediction of Fatigue Crack Growth Path in 
Fillet Welded T-Joints 

The finite element program can be used 
to predict the life of the fillet joints using 
a crack growth relationship obtained from 
experimental tests. A fillet welded T-joint 
was chosen for predicting the fatigue 
crack growth behavior from an existing 
toe crack. To study the problem without 
using a complex three-dimensional analy
sis, a thin section containing the fillet welds 
was selected. The geometric parameters 
studied were: weld size, initial crack ori
entation, and unsupported flange length. 
In the finite element model, a W i n . (1.6-
mm) initial crack was introduced at each 
fillet toe. The toe cracks, as well as the 
crack tips at the intrinsic root opening be

tween the joint members, were investi
gated together. 

After numerous computer runs using 
different incremental crack lengths, it was 
found that the increment length should be 
small to ensure numerical accuracy, but 
not less than 0.007 in. (0.18 mm) for a 
convergent solution. Figure 6 shows the 
T-joint model and defines the computa
tional variables. Table 4 shows the cases 
considered. 

The unsupported flange length, which 
provides an indication of the joint flexibil
ity, and the loading direction determines 
the location of the initial crack growth. For 
flexible joints, the initial growth always 
occurred at the flange weld toe expected 
for the case when the load was applied 

Fig. 5 - Crack initiation 
angle with respect to 

K/u ratio. 

- 1 0 
0 0 I 

Maximum Principal stress 
Minimum strain energy density 

K / K 
tl I 

Table 2—Comparison of K| and KM for a 
45-Deg Inclined Edge Crack 

Mesh Tada, 
Size Analysis (Ref 

(L/a) K|/<J K||/<r K|/(T 
0.1.0.2 1.81 1.03 
0.2.0.4 1.76 1.02 1.86 
0.25.0.5 1.74 1.00 

ef al. Pu, ef al. 
12) (Ref. 13) 

K||/<r K|/o- Kn/a 

0.88 1.89 0.96 

Table 3—Comparison of Crack Initiation 
Angle 

Shih 
(Ref 11) 

8 (deg) (deg) 

30 - 6 0 to - 6 4 
45 - 5 2 to - 5 5 
60 - 4 0 to -44.5 
45 

(edge crack) - -

Ewing 
(Ref. 9) Analysis 
(deg) (deg) 

-60.7 
-54.5 
-44.3 

46 to - 4 7 -46 .1 

0 = crack inclination angle (deg). 
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horizontally to the web. For rigid joints, 
the initial growth occurred at the web 
weld toe or at the intrinsic gap, depend
ing on the size of the fillet weld. 

Fillet size, initial crack orientation, and 
applied load affected the crack propaga
tion during the early stages of growth, but 
cracks had a tendency to converge to a 
constant path when they entered the far-
field stress regions —Fig. 7. These obser
vations then led to the conclusion that the 
initial growth period could be distinguished 
from the rest of the propagation life. Only 
the initial growth behavior was needed to 
assess the severity of toe conditions in the 
fillet welded joints. Figure 7 shows an ex
ample of the converged crack path from 
two different initial crack orientations for 
a rigid joint (3A-in./19-mm fillet size) under 
vertical loading. The crack growth initi
ated from the web toe propagated across 
the web sloping toward the intrinsic root 
opening, which can be considered as the 
original crack. For smaller fillet sizes, the 
analysis predicted greater slopes toward 
the intrinsic root opening —Fig. 8. 

From the theoretical model for a 5/i6-in. 
(7.9-mm) fillet with a 4-in. (102-mm) un
supported flange length under the vertical 
pulsating tension load, crack growth initi
ated from the intrinsic root opening and 
propagated through the weld throat as 
shown in Fig. 8. The predicted crack 
growth for T-joints of different fillet sizes 
under horizontal loading is shown in Fig. 9. 
The growth always initiated from the web 
weld toe regardless of the flange support 
condition. 

App-ed Load 

ep Loading Angle: 0°, 45°, and 90° 

6j The Angle of Initial Crack: 0°. 45°, and 90° 

B Flange Flexibility: Completely Clamped B = 0 
Flexible Flange 8 = 8 inches 

Fig. 6 - T-joint model. 

Experimental Analysis 

Figure 10 shows the dimensions of the 
T-joint specimen tested. The load ratio 
(i.e., minimum to maximum load ratio) 
used was 0.05, and the maximum load 
was selected as the calculated static de
sign load of the joint according to the 
American Welding Society specifications 
(i.e., 0.3 times the ultimate weld metal 
strength). The load was applied horizon
tally, vertically, and at 45 deg. 

Figure 11 summarizes the fatigue crack 
paths obtained in the joint under the three 

W Fillet Size: 5/16. 1/2. and 3/4 inch 
a The Initial Crack Length: 1/16 inch 

Aa The Crack Increment: 0.008 inch 

different loading directions. The initiation 
sites of the crack growth and the final fail
ure paths are also shown. Table 5 com
pares the fatigue life between the notched 
{i.e., Vie-in./1.6-mm EDM V-notched at 
toes) and unnotched T-joints. For the 
joints under vertical loading, 200,000 cy
cles were required for the initial crack (i.e., 
W i n . / 1.6-mm crack depth) to reach a 
0.196-in. (5-mm) length in comparison to 
137,500 cycles for the notched joint. The 
remaining propagation life was very sim
ilar (92,300 vs. 90,135 cycles) for the two 
cases. The crack growth was not affected 

B = 0 

W = 3/4 INCH 

6j = 0° AND 45° 

The left upper toe 

0.25" 

Fig. 7- Crack paths merge. 

2 0 0 0 b 

A \ 

Predicted Crack Growth 
Initial Crack 

Initial 
Crack ~/^ 

/ \ 
/ \ 

/ \ 
y ^ 

Fig. 8 —Predicted crack path in Vn-in. weld under vertical pull load. 

WELDING RESEARCH SUPPLEMENT 1153-s 



Table 4—Cases Studied for Crack Growth Path Prediction 

No. 0p 01 No. ep 

(a) Completed cases. 

01 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 

0 
0 

45 
45 
90 
90 
0 
0 

45 
45 
90 
90 

0 
0 
0 
0 
0 
0 

45 

8 
0 
8 
0 
8 
0 
8 
0 
8 
0 
8 
0 
8 
0 
8 
0 
8 
0 
8 

5/16 

Vl6 

Vl6 
Vl6 
S/16 

5/16 

Vi 
Vi 
Vi 
Vi 
Vi 
Vi 
V. 
VA 
V. 
VA 
VA 

VA 
VA 

0<a> 

Ot") 
0 
0 
0 
0 
0(a) 

0<a> 

0 
0 
0 
0 
(Xa) 
0<a> 

45(a) 

45(a) 

90(a) 

90(a) 

0 

20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 

45 
45 
45 
45 
45 
90 
90 
90 
90 
90 
90 
0 
0 
0 
0 
0 
0 
0 
0 

0 
8 
0 
8 
0 
8 
0 
8 
0 
8 
0 
8 
0 
8 
0 
8 
0 
8 
0 

VA 
VA 
VA 
VA 
VA 
VA 
VA 
VA 

VA 
VA 
VA 
Vl6 

Vl6 
V16 

Vl6 
Vi 
Vi 

Vi 

Vi 

0 
45 
45 
90 
90 

0 
0(a) 

45 
45(a) 

90 
90 
45(a) 
45(a) 

90(a) 

90<a) 
45(a) 
45(a) 

90(a) 

90(a) 

Table 5—Fatigue Test Results of Notched and Unnofched Fillet Welded T-Joints 

Load 
Angle 

90 

45 

Load 
Range 

1900 

350 

575 

Mean 
Load 

As-welded 
1050 

Notched 
As-welded 

195 
Notched 
As-welded 

317 
Notched 

Initiation 
Life Cycles 

200.000 
(0.196 in.) 
137.500 
193.000 

(0.09 in.) 
60.300 

(0.1 in.) 
47.060 

Propagation 
Life Cycles 

92.300 

90.135 
11.410 

8.400 
Not Cracked 

12.480 

Total 
Life Cycles 

292.300 

227.635 
204.410 

68.700 

89.540 

The load ratio is R = 0.05; the maximum load is at AWS design load 

by the surface notch after the crack 
propagated into the far-field stress condi
tion. The reduction of the total fatigue life 
was primarily from the initial growth pe
riod. 

For the joints under horizontal loading, 
the unnotched fillet joint took 193,000 
cycles to reach a 0.09-in. (2.3-mm) crack 
length. It took only 60,300 cycles for the 
notched joint to reach the same crack 
size. There still existed a small difference 
between the remaining propagation lives 
(11,410 vs. 8,400 cycles) in the two cases. 
Thus, the crack growth was still under the 
influence of the surface notch at this crack 
length. 

The notched joints under a 45-deg 
loading angle failed at 89,540 cycles. In 
contrast, no crack initiation was observed 
in the unnotched fillet joint through 
250,000 cycles. Thus, the results suggest 
that a surface notch at the fillet toe has a 
greater effect on the fatigue strength of 
the T-joint under the 45-deg load angle 
than under horizontal or vertical loading. 

Conclusions 

The model studied in this paper was a 
two-dimensional T-joint, chosen because 
it represents a connection commonly used 
in many structures. The analysis has been 
used to address a number of questions. 
These questions include how the crack 
would propagate in a multiaxial stress field 
and where the crack growth would ini
tiate in the fillet joint under different 
design loading conditions. The effect of 
joint flexibility and weld size on fatigue 

The Loft Upper Toe a -a 
2000 b 

W - 5 / 1 6 " 

W - 1 / 2 " 

W - 3 / 4 " 

Predicted Crack G r o w t h 

Initial Crack 

Fig. 9 —Predicted crack path for flexible joint under horizontal pull. 

P m a x - 1 8 0 0 L B 

S m a x - 7 2 0 0 P S 1 

R - P m a x / P m r . 
- 0 0 5 

E-30x106PSI 
v=0.3 

Fig. 10 —Fatigue test specimen. 
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crack g r o w t h behavior is also explained. 
The most significant result was that 

crack g r o w t h occurs in t w o distinct phases. 
The initial g r o w t h is strongly inf luenced by 
the surface condi t ions, such as crack or i 
entat ion and size. O n c e the crack p ropa
gates into the far-f ield stress area, it g r o w s 
outside the inf luence of any surface dis
cont inui ty. This result advances the c o n 
cept of there being t w o stages in fatigue 
propagat ion . 

The first stage is the initial crack g r o w t h 
behavior , wh i ch must include the ef fect of 
surface discontinuit ies. The second stage 
is the remaining fat igue l i fe, w h i c h may be 
evaluated w i t hou t considering surface dis
continuit ies. Thus, for a g iven joint geom
etry, loading condi t ion and flange sup
por t ing cond i t ion , the ef fect o f surface 
discontinuit ies on fatigue life can be as
sessed, either exper imental ly or numer i 
cally by consider ing the initial stages o f 
crack g r o w t h alone. In some c i rcum
stances this can save a great deal of test
ing or computa t ion t ime. 

In summary, the impor tant conclusions 
fo r this study can b e stated as fo l lows: 

1) The displacement m e t h o d , using a 
second order extrapolat ion func t ion , can 
be used to calculate stress intensity factor 
and strain energy density factors w i th 
reasonable accuracy and numerical stabil
ity. 

2) Crack g r o w t h initiates at the pre
fe r red stress concent ra t ion site in a we ld 
joint depend ing on the loading and flange 
flexibility condi t ions, as wel l as the fillet 
w e l d size. 

3) Crack g r o w t h paths init iated f rom 
di f ferent sites converge to a constant path 
in the far-f ield stress region, regardless of 
the initial crack condit ions. 

4) No tched T-joints have reduced fa
t igue strength due to the increased notch 
ef fect dur ing the crack init iation stage. 

5) The mode l and the analysis p roce
dure w e r e p roven to be suitable fo r pre
dict ing the fat igue crack g r o w t h behavior . 
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Appendix 

a n , a22, a3 3 

U, V 

Ki, Kn, Km 

e,0o 

Constants depend ing up
on material propert ies and 
angular locat ion of the 
point in the vicinity o f the 
crack t ip 

Radial distance f r o m crack 
t ip 
Each open ing displace
ments along the transverse 
t o the crack axis 
Stress intensity factor of 
opening, sliding and twist 
ing modes, respectively 
Strain energy density fac
tor 

Angular coord inate , crack 
initiation angle, and critical 
angular d i rect ion fo r crack 
propagat ion 
Shear modulus 
Poisson's rat io 
Mater ia l constants de
pending upon Poisson's ra
tio 
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WRC Bulletin 332 
April 1988 

This Bulletin contains two reports that characterize the mechanical properties of two different 
structural shapes of constructional steels used in the pressure vessel industry. 

( 1 ) Characteristics of Heavyweight Wide-Flange Structural Shapes 
By J. M. Barsom and B. G. Reisdorf 

This report presents information concerning the chemical, microstructural and mechanical (including 
fracture toughness) properties for heavyweight wide-flange structural shapes of A36, A572 Grade 50 and 
A588 Grade A steels. 

( 2 ) Data Survey on Mechanical Property Characterization of A588 Steel Plates and Weldments 
By A. W. Pense 

This survey report summarizes, for the most part, unpublished data on the strength toughness and 
weldability of A588 Grade A and Grade B steels as influenced by heat treatment and processing. 

Publication of this Bulletin was sponsored by the Subcommittee on Thermal and Mechanical Effects 
on Materials of the Pressure Vessel Research Committee of the Welding Research Council. The price of 
WRC Bulletin 332 is $20.00 per copy, plus $5.00 for postage and handling. Orders should be sent with 
payment to the Welding Research Council, Suite 1301, 345 E. 47th St., New York, NY 10017. 

WRC Bulletin 336 
September 1988 

Interpretive Report on Dynamic Analysis of Pressure Components—Fourth Edition 

This fourth edition represents a major revision of WRC Bulletin 303 issued in 1985. It retains the three 
sections on pressure transients, fluid structure interaction and seismic analysis. Significant revisions 
were made to make them current. A new section has been included on Dynamic Stress Criteria which 
emphasizes the importance of this technology. A new section has also been included on Dynamic 
Restraints that primarily addresses snubbers, but also discusses alternatives to snubbers, such as limit 
stop devices and flexible steel plate energy absorbers. 

Publication of this report was sponsored by the Subcommittee on Dynamic Analysis of Pressure 
Components of the Pressure Vessel Research Committee of the Welding Research Council. The price of 
WRC Bulletin 336 is $20.00 per copy, plus $5.00 for postage and handling. Orders should be sent with 
payment to the Welding Research Council, Suite 1301, 345 E. 47th St., New York, NY 10017. 

WRC Bulletin 357 
September 1990 

Calculation of Electrical and Thermal Conductivities of Metallurgical Plasmas 

By G. J. Dunn and T. W. Eagar 

There has been increasing interest in modeling arc welding processes and other metallurgical processes 
involving plasmas. In many cases, the published properties of pure argon or helium gases are used in cal
culations of transport phenomena in the arc. Since a welding arc contains significant quantities of metal 
vapor, and this vapor has a considerably lower ionization potential than the inert gases, the assumption 
of pure inert gas properties may lead to considerable error. A simple method for calculating the electrical 
and thermal conductivities of multicomponent plasmas is presented in this Bulletin. 

Publication of this report was sponsored by the Welding Research Council. The price of WRC Bulletin 
357 is $20.00 per copy, plus $5.00 for U.S. or $10.00 for overseas postage and handling. Orders should 
be sent with payment to the Welding Research Council, 345 E. 47th St., New York, NY 10017. 

156-s | JUNE 1991 



WRC Bulletin 345 
July 1989 

Assessing Fracture Toughness and Cracking Susceptibility of Steel Weldments—A Review 

By J. A. Davidson, P. J. Konkol and J. F. Sovak 

The l i terature survey reviews the domestic and foreign l i terature to determine, document and evalu
ate: 1) the parameters of welding that control weld-metal and HAZ cracking; 2) tests for assessing the 
susceptibil ity of structural steel to weld-metal and HAZ cracking; 3) the parameters of welding that con
trol HAZ toughness; and 4) tests for measuring the toughness of weld metal and HAZ. The work was per
formed at the United States Steel Corporat ion Technical Center in Monroeville, Pa., and was sponsored 
by the Offices of Research and Development, Federal Highway Administrat ion, U.S. Department of 
Transportat ion, Washington, D.C. 

Publication of this bulletin was sponsored by the Weldability Commit tee of the Welding Research 
Council. The price of WRC Bulletin 345 is $30.00 per copy, plus $5.00 for U.S. and $10.00 for overseas, 
postage and handling. Orders should be sent with payment to the Welding Research Council, Room 1301, 
345 E. 47 th St., New York, NY 10017. 

WRC Bulletin 347 
September 1989 

This bulletin contains two reports: 

( 1 ) Welded Tees Connections of Pipes Exposed to Slowly Increasing Internal Pressure 
By J. Schroeder 

( 2 ) Flawed Pipes and Branch Connections Exposed to Pressure Pulses and Shock 
Waves 
By J. Schroeder 

Publication of these reports was sponsored by the Subcommit tee on Reinforced Openings and Exter
nal Loadings of the Pressure Vessel Research Commit tee of the Welding Research Council. The price of 
WRC Bulletin 347 is $25.00 per copy, plus $5.00 for U.S. and $10.00 for overseas, postage and handling. 
Orders should be sent with payment to the Welding Research Council. Room 1301. 345 E. 47th St., New 
York, NY 10017. 

WRC Bulletin 356 
August 1990 

This Bulletin contains three reports involving welding research. The titles describe the contents of the 
reports. 

(1 ) Finite Element Modeling of a Single-Pass Weld 
By C. K. Leung, R. J. Pick and D. H. B. Mok 

( 2 ) Finite Element Analysis of Multipass Welds 
By C. K. Leung and R. J. Pick 

( 3 ) Thermal and Mechanical Simulations of Resistance Spot Welding 
By S. D. Sheppard 

Publication of the papers in this Bulletin was sponsored by the Welding Research Council. The price of 
WRC Bulletin 356 is $35.00 per copy, plus $5.00 for U.S. and $10.00 for overseas postage and handling. 
Orders should be sent with payment to the Welding Research Council, 345 E. 47th St., Room 1301, New 
York, NY 10017. 
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WRC Bulletin 352 
April 1990 

In October 1987, the PVRC Steering and Technical Commit tees on Piping Systems established a task 
group on independent support mot ion (ISM) to evaluate the technical meri ts of using the ISM method of 
spectral analysis in the design and analysis of nuclear power plant piping systems. 

The results of the task group evaluation culminated in a unanimous technical position that the ISM 
method of spectral seismic analysis provides more accurate and generally less conservative response 
predictions than the commonly accepted envelope response spectra (ERS) method, and are reported in 
this WRC Bulletin. The price of WRC Bulletin 352 is $25.00 per copy, plus $5.00 for U.S., or $10.00 for 
overseas, postage and handling. Orders should be sent with payment to the Welding Research Council, 
345 E. 47th St., Room 1301, New York, NY 10017. 

WRC Bulletin 360 
January 1991 

Stress Indices, Pressure Design and Stress Intensification Factors for Laterals in Piping 

By E. C. Rodabaugh 

The study described in this report was initiated in 1987 by the PVRC Design Division Commit tee on Pip
ing, Pumps and Valves, under a grant to E. C. Rodabaugh fol lowing an informal request f rom the ASME 
Boiler and Pressure Vessel Commit tee, Working Group on Piping (WGPD (SGD) (SC-II) to develop stress 
indices and stress intensification factors (/-factors) for piping system laterals that could be considered by 
the ASME commi t tee for incorporat ion into the Code. 

In this study, E. C. Rodabaugh considered all available information on lateral connect ions in concert 
with existing design guidance for 90-deg branch connections; and has developed compatible design guid
ance for lateral connections for piping system design. As a corollary bonus, he has also extended the pa
rameter range for the " B " stress indices for 90-deg branch connections f rom d / D = 0.5 (the present 
Code limit) to d / D = 1.0. Therefore, this report should be of significant interest to the B31 industrial 
piping code commit tees, as well as the ASME Boiler and Pressure Vessel Commit tee. 

Publication of this report was sponsored by the Commit tee on Piping, Pumps and Valves of the Design 
Division of the Pressure Vessel Research Council. The price of WRC Bulletin 360 is $30.00 per copy, plus 
$5.00 for U.S. or $10.00 for overseas postage and handling. Orders should be sent with payment to the 
Welding Research Council, 345 E. 47th St., Room 1301 , New York, NY 10017. 

WRC Bulletin 361 
February 1991 

This Bulletin contains two reports that compare the French RCC-M Pressure Vessel Code and the U.S. 
ASME Section III Code on Design of Nuclear Components and Piping Design Rules. 

(1 ) Improvements on Fatigue Analysis Methods for the Design of Nuclear Components 
Subjected to the French RCC-M Code 

By J. M. Grandemange, J. Meliot, J. Vagner, A. Morel and C. Faidy 

(2 ) Framatome View on the Comparison between Class 1 and Class 2 RCC-M Piping 
Design Rules 

By C. Heng and J. M. Grandemange 

Publication of this report was sponsored by the Pressure Vessel Research Council of the Welding Re
search Council. The price of WRC Bulletin 361 is $30.00 per copy, plus $5.00 for U.S. or $10 for overseas 
postage and handling. Orders should be sent with payment to the Welding Research Council, 345 E. 47th 
St., Room 1301, New York, NY 10017. 
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