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Predicting the Fatigue Resistance 
of Steel Weldments 

Close agreement with the experimental results supports the 
local stress-strain modelling approach to fatigue prediction 

BY R. A. TESTIN, J.-Y. YUNG, F. V. LAWRENCE, JR., AND R. C. RICE 

ABSTRACT. Long life (107 cycles) fatigue 
strength results for stress-relieved and 
shot-blasted mild steel cruciform welds at 
four nominal mean stress levels are 
reported. These results are compared 
with analytical fatigue strength predic
tions made using a model developed by 
Lawrence, ef al. (Refs. 1, 2). The analytical 
predictions, which were made without 
prior knowledge of the experimental 
results, fell within 6% of the experimental 
values for all mean stress levels. The close 
agreement between the experimental 
results and the analytical predictions sup
ports the general applicability of the local 
stress-strain approach for modelling the 
fatigue of welds. Results of this study also 
suggest that performing a notch root 
set-up cycle analysis and considering 
both axial and bending (joint straighten
ing) stress components are critical to 
obtaining accurate fatigue strength pre
dictions for steel weldments. 

R. A. TESTIN, J.-Y. YUNG, F. V. LAWRENCE, IR., 
andR. C. RICE are with the University of Illinois 
at Urbana-Champaign, Urbana, III. 

Introduction 

If it were possible, structural design 
engineers would conduct exhaustive full-
scale fatigue tests on fatigue critical weld 
details before placing them in service. 
Since such tests are usually too lengthy 
and costly, designers need proven analyt
ical models which can predict the fatigue 
resistance of a component at an early 
stage of the design process and which 
consider all of the important variables; 
material properties, processing effects, 
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loading conditions and geometry (plate 
thickness, weld size, lack of penetration 
size, weld angles, etc.). 

The fatigue life of a weldment consists 
of a crack initiation/early crack-growth 
stage (N|) and a crack propagation stage 
(Np). At long lives (>106 cycles), the crack 
initiation stage (N|) appears to comprise 
the largest fraction of the total fatigue life 
(Ref. 1). The four important factors which 
most influence the crack initiation life (N|) 
are: applied stresses (both axial and bend
ing components), stress concentration 
effects inherent to the geometry and 
loading condition on the joint, the notch 
root residual stresses which result from 
fabrication and processing, and the prop
erties of the notch root material in which 
crack initiation takes place. 

The purpose of this study was to 
generate constant amplitude, long-life 
(IO7 cycles) fatigue strength data for a 
given weld configuration at different 
mean stress levels, and to evaluate the 
accuracy of an analytical model in predic
ting the experimental results. The study 
focused on the long-life fatigue strength 
of stress-relieved and shot-blasted mild 
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Table 1—Chemistry and Mechanical 
Properties of Mild Steel Plate 

Chemistry 
(Wt-%) C Mn S P Cr Cu 

0.18 0.42 0.02 0.01 0.01 0.01 

Mechanical Properties 

Tensile strength (MPa) 
Yield point (MPa) 
Yield strength (0.2%, MPa) 
Elongation in 51 mm (%) 
Reduction in area (%) 
Hardness (HB) 

Longitudinal/ 
Transverse 

390/385 
259/250 
241/239 

36.8/33.2 
66.4/60.8 

116 

steel cruciform weld specimens. 
Weld specimens were fabricated, 

stress relieved, shot blasted, saw cut, 
machined and strain-gauged at the Elec
tro-Motive Division of General Motors. 
Fatigue tests were performed at Battelle 
Columbus Laboratories. Fatigue strength 
predictions were performed at the Uni
versity of Illinois at Urbana-Champaign 
(UIUC) in conjunction with the Electro-
Motive Division as a part of the UIUC 
Fracture Control Program. The analytical 
predictions were made without prior 
knowledge of the experimental results. 

Experimental Program 

Specimen Preparation 

Cruciform weld specimens were fabri
cated from hot-rolled, plain carbon mild 
steel plate using the FCAW process with 
E70T-2 wire (450 A, 30 V, and 100% C 0 2 

shielding). The chemistry and mechanical 
properties of the steel are given in Table 
1. The steel meets the chemical require
ments for SAE 1017 and 1020 steel. 

The dimensions of the weldment were 
chosen such that axial fatigue failures 
would occur at the weld toe —Fig. IA. 
Guidance in choosing variables such as 
weld size (12.7 mm/0.5 in.) and lack of 
penetration (LOP) size (2.5 mm/0.10 in.) 
was obtained from the results of Ho and 
Lawrence (Ref. 2). There were some 
problems in this regard, in that tensile 
mean stress tests produced LOP initiation 
site failures. This problem was addressed 
by drilling out the LOP using a drill size 
just sufficient to remove the tips of the 
LOP. This procedure is discussed further 
in the following section. 

Great care was taken to obtain the 
best possible joint alignment. Weldments 
were fabricated by fixturing 457-mm (18-
in.) lengths and welding using a fully 
automatic process. Following fabrication, 
the 457-mm weldments were furnace 
stress relieved at 1150°F (2102°C) for 3 
h. Following stress relief, the weldments 
were shot blasted. Each 457-mm weld
ment was then saw cut and machined to 

Fig. 1 — A — Cruciform weld geometry (gripping surfaces are flat and parallel to each other within 
0.025 mm for 63.5 mm); B-photograph of instrumented weld specimen 

yield six or seven specimens. Weld start 
and stop areas were discarded. Approxi
mately 105 specimens were prepared in 
this manner. 

The residual stesses resulting from shot 
blasting were determined in several loca
tions on two specimens using x-ray dif
fraction methods. Measurements on the 
plate surfaces (no attempt was made to 
measure residual stresses at the toe or in 
the weld metal) indicated that compres
sive residual stresses were approximately 
217 MPa, or 90% of the yield strength of 
the mild steel plate In our experience, 
this is typical of results for shot-peened 
mild steel. 

Each specimen was instrumented with 
four 1.6-mm (0.06-in.) strain gauges lo
cated 5.6 mm (0.22 in.) from the weld toe 
on the centerline (both sides) of each 
load-carrying plate member. Gauge read
ings, which were considered in pairs, 
allowed partitioning of the axial and 
bending nominal stress components for 
each specimen. The 5.6-mm distance 
from the weld toe was selected based on 
recommendations of Ho and Lawrence 

(Ref. 2) that nominal stress conditions 
exist at a minimum distance of 0.3t 
(t = plate thickness) from the weld toe. 
The test specimen is shown in Fig. 1B. 

The importance of machining the grip
ping surfaces of the specimens after shot 
blasting, as indicated in Fig. 1A, became 
evident during exploratory tests at the 
beginning of the program. Machining the 
gripping surfaces assured that the grip
ping surfaces were parallel and on the 
same centerline and eliminated initial 
bending stresses, which are usually intro
duced when specimens are clamped in 
test grips. Since the magnitude of both 
the mean and cyclic bending stresses can 
significantly affect axial fatigue test 
results, this procedure, which eliminated 
one of these extraneous variables, is 
recommended. 

Test Program 

All fatigue experiments were con
ducted in electro-hydraulic servo-con
trolled test systems. Two machines were 
utilized: one with 25 kip capacity and one 
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with 50 kip capacity. Large, 50,000-lb 
(22,727-kg) rated capacity hydraulic grips 
were used to clamp the specimens in the 
test machines. Grip alignment was veri
fied through installation of a strain-
gauged flat calibration bar; bending 
strains induced during tensile and com
pressive loading of this calibration bar 
were less than 0.2% of axial strains. 

Four axial mean stress levels were 
selected for the investigation: +69 MPa 
(+10 ksi), zero, - 3 4 MPa ( -5 ksi) and 
- 6 9 MPa ( -10 ksi). Approximately 20 
specimens per mean stress level were 
originally planned, but actual numbers 
tested at each mean stress level ranged 
from 13 to 27. The "staircase method" of 
testing was used initially to define test 
stress levels for subsequent use with the 
"two-point" method of determining 
median fatigue strength (Ref. 3). Only toe 
failures were considered in the fatigue 
strength analysis. Failures considered to 
be invalid included buckled specimens, 
failures at the gripping surfaces, and LOP 
failures. 

As mentioned earlier, despite careful 
selection of specimen geometry parame
ters to favor weld toe failures, initial tests 
at the +10 ksi mean stress level produced 
only LOP failures. This problem was 
addressed and eliminated by drilling out 
the LOP, using a drill size just large 
enough to completely remove the LOP 
notch and leave a circular hole with a 
lower stress concentration factor. This 
action produced the desired weld toe 
failure location, and this procedure was 
followed for all +10 ksi mean stress level 
specimens. Finite element analyses of the 
drilled out LOP geometry and the original 
LOP geometry indicated that the elastic 
stress concentration factor at the weld 
toe was essentially identical for both 
conditions (within 1.4%). It was assumed 
that the hole drilling did not substantially 
alter the redistribution pattern of residual 
stresses. 

Knowledge of the bending strains in 
the axial fatigue tests was vital to the 
analytical fatigue strength prediction por
tion of this study. Therefore, prior to 
each fatigue test, static strain surveys 
were performed on each specimen to 
measure the bending components of 
strain. Standard SR-4 type strain indicators 
were utilized to determine axial and 
bending strains at zero load, the intended 
maximum and minimum loads, and at 
several intermediate loads for each spec
imen. Specimens were then cycled at the 
selected mean and alternating axial stress 
levels with the test machines operating 
under load control. 

Tests were conducted at room tem
perature in laboratory air. Test frequency 
was 30 Hz. Specimens were inspected 
frequently for crack initiation utilizing a 
"white grease" technique capable of 
detecting 0.76-mm (0.03-in.) surface 
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Fig. 2 — General scheme for estimating fatigue crack initiation life, N/ 

length by 0.25-mm (0.01-in.) depth cracks 
at the weld toe. Detection of any crack(s) 
was considered specimen failure; other
wise, tests were carried out to 107 cycles 
before termination. 

Test Results 

One hundred and three specimens 
were tested, of which 75 yielded valid 
results (Ref. 4). Median fatigue strengths 
as determined using the two-point meth
od are reported in Table 2. Also included 
here are the average ratios of nominal 
bending stress to nominal axial stress 
determined for each mean stress level. 
These average ratios were used in the 
fatigue strength prediction calculations. 

Estimating the Fatigue Life 
of Weldments 

Estimating the Fatigue Crack 
Initiation Life, N, 

Lawrence, et al. (Refs. 1, 2), have 
developed a generalized model which 
predicts the fatigue strength of weld
ments. This model considers the total 
fatigue life (NT) to be composed of a 
period devoted to crack initiation and 
early growth (N|) and a period devoted to 
the growth of a dominant crack (Np). 
While the total fatigue life is considered 
to be the sum of these two periods, at 
long lives, N| dominates (Ref. 1) and the 
fatigue life or fatigue strength of a weld 
can be estimated by considering only 
crack initiation and early growth through 
the Basquin equation with the Morrow 
mean stress correction: 

A<r/2 = (af - <x0) (2N,)b (1) 

where Au/2 is the local (notch-root) 
stress amplitude at the crack initiation 
site, o-f is the fatigue strength coefficient 
for the material at the critical location, ov, 

is the local mean stress determined after 
considering both residual and applied 
stresses (see next section, "Set-Up Cycle 
under Combined Loading"), 2N| are the 
reversals devoted to crack initiation and 
early growth (one cycle equals two 
reversals), and b is the fatigue strength 
exponent. 

The general scheme for estimating N| is 
shown in Fig. 2 (Ref. 5). Each step in the 
analysis is numbered in the approximate 
sequence in which it is carried out. At the 
left are four categories of information 
which must be measured, collected and 
estimated (or guessed) to permit the 
calculation of the long-life fatigue 
strength or fatigue crack initiation life (N|). 
One requires information about the ser
vice history, notch geometry, residual 
stresses, and notch-root materials prop
erties. The accuracy of the predictions 
depends most heavily upon the level and 
nature of the applied stresses. The effects 
of geometry can be calculated with con
siderable accuracy using finite element 
methods. The appropriate values for 
residual stresses, o>, and particularly the 
material properties can usually be esti
mated without greatly diminishing the 
accuracy of the calculation. Having col
lected this information and used it to 
estimate the fatigue notch factor (Kf) and, 
if necessary, the stress relaxation constant 
(k), two main analyses, the set-up cycle 
analysis and the damage summation anal
ysis, are then carried out. 

The notch-root stress amplitude (Arr/2) 
and mean stress (<r0) which prevail during 
the fatigue life of a weld are established 
during the first few reversals of loading 
(set-up cycle). If no notch-root yielding 
occurs during this time, one can omit the 
set-up cycle analysis and assume elastic 
notch-root conditions. However, if 
notch-root yielding does occur during the 
first few applications of load, then a 
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set-up cycle analysis should be per
f o r m e d , and failure to d o so could lead t o 
incorrect estimates o f the no tch- roo t 
condit ions dur ing fat igue. 

To relate local stress-strain condit ions 
t o the nominal stress-strain condit ions, 
Neuber 's rule, modi f ied for fatigue by 
Topper (Ref. 6), is uti l ized: 

ACTA« = (K AS)2/E (2) 

whe re A c and Ae are the notch roo t 
stress and strain range, respectively, AS is 
the nominal stress range, and E is Young's 
modulus. 

Worst Case Notch, Kfmax 

The fat igue no tch factor quantif ies the 
severity of a discontinuity. Unfor tunate ly , 
it is diff icult t o determine Kf for disconti
nuities such as a we ld toe , because the 
no tch roo t radii o f such notches are 
generally u n k n o w n or diff icult to mea
sure and, wha t is worse , highly variable. 
To cope w i th the variable nature o f the 
we ld toe , Lawrence, et al. (Ref. 1), deve l 
o p e d the concept o f the " w o r s t case 
n o t c h , " in w h i c h a radius giving the 
highest possible value o f fatigue no tch 
factor is presumed to occur somewhere 
at the w e l d toe or o ther similar no tch . 
Experience w i th the no tch size ef fect fo r 
steels had indicated that Peterson's equa
t ion correct ly interrelates the fatigue 
no tch and elastic stress concentrat ion 
factors: 

Table 2—Test Results and Fatigue Strength Predictions 

Kf = 1 + • 
K. 1 

1 +: (3) 

whe re Kt is the elastic stress concentra
t ion factor ( for a given no tch geomet ry , 
no tch- roo t radius, and nominal stress 
state), r is the no tch- roo t radius (mm), and 
a is Peterson's material parameter, wh i ch 
may be approx imated fo r steel b y the 
expression 1.087 X 105 Su~2 (mm), w h e r e 
Su is the ult imate strength (MPa) o f the 
notch- roo t material. A general f o r m 
wh ich can be used t o describe the K, o f 
welds (Ref. 7) is: 

K, = 0[1 + a(t/rf] (4) 

whe re a, LH and X are constants whose 
values are de termined by the w e l d 
geomet ry and the nature o f the nominal 
stresses, and t and r are the plate thick
ness and notch- roo t radius, respectively. 
The wors t case no tch value o f the fat igue 
no tch factor, Kfmax, can be f ound by 
substituting Equation 4 into Equation 3 
and di f ferent iat ing w i th respect to r to 
determine the value o f no tch root radius 
fo r wh ich the Kfmax condi t ion exists. Since 
the constants (3 and X are usually 1 and 
' /2 , respectively, Kt is o f ten simply 1 + a ( t / 
r)Vl, and it can be s h o w n that Kfmax 

occurs at the no tch- roo t radius numer i 
cally equal to Peterson's parameter a (i.e., 
rc = a) (Ref. 2). 

The value o f Kfmax depends u p o n the 

Nominal Axial 
Mean Stress 

(MPa) 

69 
0 

- 3 4 
- 6 9 

Ratio of Nominal 
Bending Stress 

to Nominal 
Axial Stress 

0.21 
0.19 
0.15 
0.15 

No. of 
Valid Tests 

13 
27 
15 
20 

Fatigue Strength 
at N, = 107 Cycles (MPa) 

Predicted 

93 
103 
109 
111 

Actual 

88 
110 
116 
117 

Predicted/Actual 

1.06 
0.94 
0.94 
0.95 

nature of the remote stresses (axial or 
bending) and the geomet ry of the joint 
th rough the constant (a), the ul t imate 
strength of the material at the no tch roo t 
(Sy), and the absolute size o f the w e l d 
ment th rough the dimension (t). No te that 
the use of the wors t case no tch concept 
leads to models wh i ch predict that the 
fatigue strength of a w e l d m e n t depends 
upon its size as wel l as its shape, material 
propert ies and manner of loading. 

Kfmax = 1 + 0.0015 a A SutW 

KL 

(5) 

^ = 1 + 0 . 0 0 1 5 a B S u t ' / j (6) 

w h e r e A and B represent the axial and 
bending loading condit ions, respectively. 
Reference 7 lists K, and Kfmax values fo r 
several we ldments . 

Set-Up Cycle Analysis under 
Combined Loading 

We ldmen ts are general ly subjected t o 
bo th axial and bending loads. The bend 
ing load o f ten results f r o m the straighten
ing o f we ld distort ions under load. W h e n 
a w e l d is subjected to axial stresses, 
bending stresses, and residual stresses, 
the no tch- roo t stress-strain response for 
the first appl icat ion o f load (that is, the 
first reversal {0-1}, as s h o w n in Fig. 3) is 
l imited by Neuber 's rule, as mod i f ied for 
a combina t ion of axial and bending 
stresses (Ref. 2). 

ArrAe = (Kf S* + K? S^ + <7r)
2/E (7) 

whe re the superscript A is fo r the axial 
and the superscript B is for the bending 
loading condit ions. The no tch roo t stress
es and strains at the end o f the first 
reversal can be obta ined by solving Equa
t ion 8 using the mono ton i c stress-strain 
propert ies (K, n) and the p o w e r law 
relat ion: 

Ae = An/E + z(—)v 

VzK/ 
(8) 

whe re z equals 1 fo r initial loading and 
equals 2 fo r the subsequent simulation 
for materials wh i ch obey Massing's 
hypothesis (Ref. 8). 

The no tch- roo t stresses and strains at 
the end of the second {1-2} and subse
quent reversals can be f ound in a similar 
manner using the cyclic stress-strain p rop 
erties (K; n ' ) and the expression: 

AoAc = (K* ASA + K? ASB)2/E (9) 

At the end o f the first full cycle of the 
load history ( t w o or three reversals), one 
can determine the no tch- roo t stress 
ampl i tude (Atr/2) and prevai l ing mean 
stress (tT0). If the no tch- roo t mean stress 
does not relax w i th cont inued cycling 
(i.e., k is small), the fatigue crack initiation 
life can then be calculated using Equa
t ion 1. 

Fatigue St rength Predict ions 

a n d C o m p a r i s o n w i t h 

Exper imenta l Results 

The fatigue strength o f the stress-
rel ieved and shot-blasted c ruc i fo rm w e l d 
specimens at four mean stress levels was 
est imated using the mode l discussed in 
the last sect ion. The p rocedure f o l l owed 
the methodo logy d iagrammed in Fig. 2 
w i th one modi f icat ion. Since it was 
desired t o predict the (nominal) fat igue 
strength at a given life (not the life for a 
given stress condi t ion), it was necessary 
to assume a value for nominal axial stress, 
use the experimental ly de termined ratio 
of bending t o axial stress, and fo l l ow the 
me thodo logy in Fig. 2, utilizing an itera
t ive process until the desired life was 
obta ined. 

W i t h reference t o Fig. 2, the first step 
in the fatigue strength predic t ion p roce
dure was to determine the ratio of n o m 
inal bending stresses t o nominal axial 
stresses. This in format ion, wh ich was 
determined experimental ly, was fur
nished and is given in Table 2. In Steps 2 
and 7, values of Kt and Kfmax w e r e calcu
lated using the wors t case no tch concept 
and the ult imate tensile strength esti
mated in Step 4. The Kf values, calculated 
f r o m equations in Ref. 2, w e r e 4.56 and 
2.98 for axial and bend ing stresses, 
respectively. These values cor respond to 
Kfmax values o f 2.78 and 1.99 for axial and 
bending stresses, respectively. These val
ues w e r e based o n specimen dimensions 
in Fig. 1, assuming a 2.5-mm LOP and 
critical radius, rc, o f 0.14 m m (rc = a). 

Estimates of the requi red mechanical 
propert ies (Steps 4 th rough 6) w e r e made 
f r o m microhardness measurements in the 
region of crack init iation. Knoop micro
hardness measurements, taken at a dep th 
of 0.25 m m (0.001 in.) f r o m the we ld toe , 
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Table 3—Estimated Mechanical Properties 
of Stress Relieved and Shot Blasted Weld 
Toe Material 

Monotonic Property 

Ultimate strength (MPa) 793 

Cyclic Properties 

Cyclic yield strength 
(MPa) 

Fatigue strength 
exponent 

Fatigue ductility 
exponent 

Cyclic hardening 
exponent 

Cyclic strength 
coefficient 
(MPa) 

Fatigue strength 
coefficient 
(MPa) 

Oy 

b 

c 

n ' 

K' 

fff 

482 

-0.086 

-0 .60 

0.143 

1172 

1124 

r f s t + K^Sf + o- r)
2 /E =Ao-Ae 

Nominal Stress 
S, MPo 

i 

(K?ASA+K^ASB)2 /E =Ao-Ae 
M 

0 I 2 3 

(K^ASA+K^ASB )2 /E =Ao-Ae 

Fig. 3 — Schematic illustration of a set-up cycle analysis 
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were converted to Brinell hardness to 
estimate properties. The average weld 
toe material hardness was 160 HB after 
stress relief and 230 HB after shot blast
ing. Since it is difficult to estimate mono
tonic mechanical properties, other than 
tensile strength, from hardness, only the 
cyclic properties of the peened notch 
root material were used in the set-up 
cycle analysis. Table 3 lists the material 
properties used in Step 8; these were 
estimated using the hardness of the toe 
material and the relationships below: 

Ultimate strength, MPa: 
Su = 6.9 HB/2 (10) 

Cyclic yield strength, MPa (Ref. 9): 
<ry = 0.608 Su (11) 

Fatigue strength exponent (Ref. 10): 
b = - 1 / 6 log(2.1+ 917/SJ (12) 

Fatigue ductility exponent: 
c varies between —0.5 for hard 
steels and —0.7 for ductile steels 

Cyclic strain hardening exponent 
(Ref. 11): 
n ' = b/c (13) 

Cyclic strength coefficient: 
K' =o'y (0.002)1/n ' (14) 

Fatigue strength coefficient, MPa 
(Ref. 10): 
a', = 0.95 Su + 370 (15) 

In Step 3, the magnitude of the com
pressive residual stress at the shot blasted 
weld toe was assumed to be 50% of the 
ultimate strength of the stress relieved 
toe material (Ref. 12), i.e. - 2 7 6 MPa ( -40 
ksi). 

Set-up cycle analyses, Step 8, were 
carried out considering residual stresses, 
applied axial stresses, and bending stress
es. Table 4 and Fig. 4 show the set-up 

: 
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Fig. 4 —Set-up cycle results for each mean stress level studied 
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Table 4—Set-up Cycle: Local Stress-Strain 
Estimates for Four Nominal Mean Stress 
Levels 

Measured 
Nominal 

Stresses (MPa) 

Case Axial Bending 

0 
162 

-24 
162 

0 
34 
- 5 
34 

Estimated Local 
Stresses (MPa) (Strains) 

-276 (-0.00133) 
214 ( 0.00104) 

-334 (-0.00177) 
223 ( 0.00101) 

B 0 
103 

- 1 0 3 
103 

C 0 
74 

- 1 4 3 
74 

0 
20 

- 2 0 
20 

0 
11 

- 2 1 
11 

-276 (-0.00133) 
33 ( 0.00016) 

- 4 5 8 (-0.00362) 
146 (-0.00055) 

- 2 7 6 (-0.00133) 
- 60 (-0.00029) 
- 4 9 2 (-0.00471) 

123 (-0.00156) 

0 
42 

180 
42 

0 
6 

- 2 7 
6 

-276 (-0.00133) 
-153 (-0.00074) 
-521 (-0.00597) 
106 (-0.00274) 

cycle results for each mean stress level 
evaluated. Local mean stresses estab
lished in the set-up cycles were assumed 
not to relax because the mean stress 
relaxation exponents estimated in Steps 6 
and 9 were very small. 

Fatigue strength predictions at 107 

cycles obtained by iteration of this pro
cess are compared to the actual test 
results in Table 2 and Fig. 5. Experimental 
results and predictions agreed within 6% 
in all cases. 

Conclusions 

Estimates of long-life fatigue strength 
obtained using a model developed by 
Lawrence, et al., were within 6% of 
experimental results at the four mean 
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: Predict ions 
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1 1 
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Fig. 5 —Comparison of experimental results 
and fatigue strength predictions (IO7 cycles) 

stress levels investigated. The close 
agreement between the experimental 
results and the analytical predictions sup
ports the general applicability of the local 
stress-strain approach for modelling the 
fatigue of welds. The results also suggest 
the importance of properly accounting 
for both axial and bending stress compo
nents and conducting a notch-root set-up 
cycle to estimate the prevailing notch-
root stress conditions. 
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PVRC Centrifugal Pump-Piping Interaction Experience Survey 
By J. R. Payne 

Over 100 questionnaires asking about field experience, design standards, and att i tudes on the effect 
of pipe reactions on centrifugal pumps were received f rom the power and process industries. This 
survey, which was prompted by industry inquiries, examines the experience and needs of piping and 
pump system designers, manufacturers, and operators. It was designed to help the Pressure Vessel 
Research Commit tee (PVRC) determine whether a significant pump-piping interaction problem exists 
and to what extent, and also to help set research priorit ies and provide guidance to code and standards 
bodies. 

The survey and publication of this report was sponsored by the Subcommittee on Piping, Pumps and 
Valves of the Pressure Vessel Research Commit tee of the Welding Research Council. The price of WRC 
Bulletin 317 is $22.00 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. 
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