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Summary

A general parameter (Kj) is proposed which reflects the magnitude of the stress field at the
periphery of the spot weld and which correlates the fatigue behavior of all spot weld geometries in
termus of normal, shear, ard bending forces (P, Q and M) applied to the weldment. The K; is an
empirically derived quantitiy which is based on the concepts of mixed mode fracture mechanics and
cxperimental data. The Kj parameter allows the engineer to predict the fatigue behavior for any spot
weld for which the applied maximum values of the loads P, Q and M are known from experiment

or global structural analysis. Examples of the application of K to spot-weld fatigue design are

given.



DEFINITION OF SYMBOLS USED

Symbol Definition

cp Coach peel spot weld geometry

CT Cross tension spot weld geometry

D Nugget Diameter

DS Double shear spot weld geometry

€ Load eccentricity relative to nugget center or periphery
F Remotely applied load

Fmax Maximum value of the remotely applied load
HSLA High strength low alloy steel

K; Fatigue spot weld design parameter

K; Mean value of stress index

Ky Mode I (opening mode) stress intensity factor

°TEgTgroN ZZZELH

Mode II (in-plane shear mode) stress intensity factor

Low carbon steel

Bending moment transmitted by the nugget (M =F ¢)
Fatigue life (either to complete separation or visible crack)
Stage I of fatigue life (initiation)

Stage I + Stage I of fatigue life (initiation + propagation of crack
through the thickness of plate)

Normal component of applied load transmitted by the nugget
Shearing component of the applied load transmitted by the nugget
Load ratio (Fuin/Fmax)

Sheet to tube weldment geometry

Sheet thickness

Tensile shear spot weld geometry

Sheet width or spacing between nuggets

Material parameter (2 for LC and 3 for HSLA)

Flange angle of a coach-peel joint




ABSTRACT

Initial stress intensity factors, Ky and Ky, for a semi-infinite geometry were used to
calculate an equivalent stress intensity factor (Keq). The equivalent stress intensity factor was
subsequently modified to the stress index (K;) to account for the finite geometry and mean
stress effects on the total fatigue life. The stress index ability to correlate the fatigue data of
different spot welded joints was validated and subsequently best-fit equations were generated.



1. THE EQUIVALENT STRESS INTENSITY FACTOR FOR SPOT WELDMENTS

Figure 1 compares the fatigue performance of double-shear, tensile-shear and coach-
peel joints of low carbon and HSLA steels. The relatively poor performance of the coach-pecl
specimens is attributed to a difference in the nature of the loads transferred through the nugget.
While the spot weld in a double-shear specimen is subjected mainly to shear loads, that of
coach-peel specimen is subjected to axial loads and moments. The spot weld in the tensile-
shear specimen is mainly subjected to a combination of shear and bending moments. As

depicted in Fig. 1, the applied load fails to correlate the fatigue data of different spot welded
geometries.
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Fig. 1 Maximum applied load vs.total fatigue life for different DS, TS and CP specimens {1].

Figure 2 shows one-half of a spot weld subjected to arbitrary load (F) at an angle () to
the sheets interface. Because of the eccentricity of the loading (e), the nugget experiences a
normal force (P) a shearing force (Q) and an applied moment (M =F #¢). In general, a spot
weld nugget could be subjected to a combination of axial loads (P), shearing loads (Q), and
bending moments (M), that is a combination of Modes I and IL



Approximate mode I and I stress intensity factors associated with the semi-infinite
connection subjected to an axial load (P), shear load (Q) and moment (M) are calculated by
linear superposition as follows [2]:

Kmoment

Kshear *

where:
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Kaxial + Kmomcnt

Kshear

Nuogget diameter

Normal component of the applied load: see Fig. 2
Shearing component of the applied load

Fee

Eccentricity of loading

(b

3

3
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The equivalent stress intensity factor which reflects the notch root stresses (and thus the
incidence of fatigue there) is subsequently calculated from the stress intensity factors for the
semi-infinite joint along the centerline of the weld nugget. Through a simplified form of
Broek's Mode I equivalent stress intensity factor {3], the initial equivalent Mode I stress

intensity factor (Kieq) for the semi-infinite spot weld joint is calculated from:

K, = \/KfﬂsK%[

where B is a constant which reflects the material response to Mode II as well as the effect of the
residual stress state at the notch tip. Different materials and different residual stress states

(©)

* The Ky value for a direct shear force is approximated by the Ky value induced by a torque. In both cases the
nngget is subjected to shear stresses.



Fig. 2 Force components P, Q and M resulting from a general applied load (F) transmitted
across the weld nugget of an electrical resistance spot weldment.

E 1055 T T B U0 L Al IR
7 g 0 LC,CP,t=13,D=48,w=38,e=197 mm
S I 0 LC,TS,t=13,D=48,w=38mm, =2 |
107 ® HSLA,CP,t=13,D=48,w=38,e=197 mm |3
g - ® HSLA,TS, t=13,D=48, w=38 mm B=3 |]
> ®
_ |
&
% L
2 100k
‘g‘ E
=
2
=
10° 10° 10° 10° 10° 10’ 10°

Total fatigue life, Nf (cycles)

Fig. 3 Keq and Load - Life presentation of total fatigue life data for
tensile-shear and coach-peel {4] low carbon (B = 2) and HSLA (B = 3) specimens.



would yield different values of (B). The constant () was obtained by collapsing two sets of
total fatigue life data for specimens with the same sheet thickness, nugget diameter and
specimen width. The first set of data was for coach-peel specimens (Mode I only) while the
second was for tensile-shear specimens (Modes I and I). Values of () obtained in this study

from data in reference [5] were 2 and 3 for the LC and HSLA specimens respectively as shown
in Fig. 3.

2. EFFECTS OF FINITE GEOMETRY

The (Kqu) was derived to collapse the fatigue data of tensile-shear and coach-peel
specimens of the same sheet thickness, nugget diameter and specimen width. However, when
the (Kqu) was used to correlate the fatigue data of tensile-shear specimens with different nugget
diameter, sheet thickness and specimen width, a wider scatter (relative to the applied load-life
data presentation) was observed: see Fig. 4. The (chq) failed to correlate the fatigue data of
tensile-shear specimens with different dimensions; it exaggerates the effect of the nugget
diameter and fails to account for the variation in the sheet thickness and specimen width. The
reason for this failure is attributed to two main reasons: firstly, the Ky and Ky solutions of the
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Fig. 4 Keq and Load - Life presentation of total fatigue life data for
tensile-shear low carbon specimens [5], R = 0.



spot welded semi-infinite joint do not reflect the effects of the finite dimensions on the fatigue
life; and secondly, the initial stress intensity factors reflect the initial stress and strain states at
the notch tip but not the progressive nature of the fatigue crack.

As shown in Fig. 5, the fatigue strength (at 105 cycles) changes linearly with the sheet
thickness; the (0.0, 0.0) data point is a fictitious point which has to be satisfied by the linear
relation as much as possible. Similarly, the effect of the specimen width is depicted in Fig. 6;

the relation between the fatigue strength and the specimen width can be represented hy a power
function with an exponent equal to 0.49.
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Fig.5 Sheet thickness effect on the fatigue strength at 109 cycles [5].

Based upon these two functional forms and the weak dependence of the fatigue life on
the nugget diameter [5], the fatigue data of Fig. 4 are replotted in terms of the (F/(tVW)) factor
in Fig. 7. The (F/(tNW)) factor, which possesses the units of the stress intensity factor,
collapsed the data into a narrow band.

In order to incorporate the above effects of the geometrical dimensions (t, W and D) on
the fatigue life, the (Kieq) (Eq. 6) for a tensile-shear specimen can be expanded
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K, = VKi+BKj = =\ + B %
D\ 3

and divided by a geometrical correction factor (G) given by

. 2 2
%%k%%+n @®)

The key points in determining the G factor were to account for the different modes of
deformation and at the same time maintain the W form in the case of tensile-shear

specimens. Subsequently. the K; max parameter can be expressed as follows

2 2
Kima = HloL . LS ©)
e G 82w 382, 1,
D? D2

3. EFFECT OF MEAN STRESS

Furthermore, three sets of tensile-shear specimens loaded with R=-0.2, R=0and R
= 0.5 [5] were used to determine the R-ratio effect. Four different parameters (K; maxs AKj =
Kimax * (1 - R), (AKj * Kj ma)?5 and Kj max * (1 - R)985 ) were used to correlate the total
fatigue life data of the considered load sets. The least scatter in the data was observed in the
case of Ki max * (1 - R)0-85 [5]. Hence, the final form for the (K;) parameter is as follows:

K+ B K2
8t2W 3612
= (pp+ D

(1-R)0-85 (10)

4. VALIDATION OF K1 AS A UNIFIED PARAMETER FOR CORRELATING FATIGUE DATA

HSLA and low carbon double-shear, tensile-shear and coach-peel total fatigue life data
are correlated in terms of the (K in Fig. 8. The (K;) collapsed the data into a narrow band
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despite the differences in specimen type. Three best-fit equations are generated; one for the
HSLA data, the second for the low carbon data, and the third for the combined HSLA and low
carbon data. As shown in Fig. 8, the best-fit lines lie close to each other.
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Fig. 8 Stress index (K) versus total fatigue life for double shear, tensile shear and coach peel
specimens [1].

Figures 9 and 10 shows that the (K;) parameter can also be used to correlate the fatigue
data of other spot welded geometries. Fatigue data of channel to channel (Davidson's
specimen [6-8] and sheet to channel (Stanford's specimen [9]) were also collapsed into a
narrow band which agrees well with the best-fit equation generated in Fig. 8. Cross tension,
tensile shear sheet-to-tube and cross tension sheet-to-tube also agree well with the best fit
cquation of Fig. 8 as shown in Fig. 10.

Figure 11 presents the Stage I fatigue data for all the tensile-shear specimens monitored
hy the potential drop technique [5]. Three best-fit equations were generated for the HSLA and
the low carbon data separately and combined; the best-fit lines lie close to each other especially
in the long life regime where most of the data points fall. A similar plot and best-fit equation
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for the fatigue life up to the first occurrence of a fatigue crack on the outer surface of the tensile

shear specimen is shown in Fig. 12. Figure 13 shows the (K;) versus total fatigue life up to
complete separation.
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Fig. 11 Kjvs. Stage I (Initiation Only) fatigue data for HSLA and low carbon tensile-shear
specimens [5].

Assuming a log-normal distribution of fatigue data points generated for the entire range
of stress index (K), a power relationship between the stress index (K;) and the fatigue life (N)

can be fitted to the data. The power function as shown in Fig. 8 and Figs. 10-13 is of the
form:

logK; = A + BlogN (11)
g

where (A) and (B) in Eq. 11 were determined using the least square method [11] under the
following assumptions:

- all fatigue lives (N) are independent,
- there are neither run-outs nor suspended tests,
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- variance of the log-normal distribution is constant.

Equation 11 allows to calculate a mean value of (K;) for given fatigue life with 50%
probability that the test specimens will survive under the applied load. For design purposes,
“either two standard deviation (2SD) or three standard deviation (3SD) confidence limit is
recommended. Figure.s 11-13 comprise one-sided tolerance limits calculated using the formula:

logKi(2sp) = logKj- 28D (12)
logKi3spy = logK;- 35D (13)
where:

K; - is the mean value of stress index
SD - is the standard deviation calculated from:

. 2
SD = —\/ E(l(’g}:l“ IZDEKi) (14)

where:
n - is the number of test data points.
One-sided tolerance limit could be used in design with either 25D or 35D confidence

level that a particular spot weld will not fail under applied load level and for specified number
of cycles.

5. SUMMARY

The (Kj) parameter collapsed the total fatigue life data of double-shear, tensile-shear
and coach-peel specimens into a narrow band; it considered the different modes (Mode I and 1T)
at the edge of the spot weld, the difference in the fatigue response of HSLA and low carbon
specimens, and the different geometrical dimensions.

The (K;) parameter provides the designer with a useful tool for determining the fatigue
life of different spot-welded joints. Moreover, the (K;) parameter helps the designer determine
and compare the effects of several variables on the fatigue performance of the joints without
having to resort to extensive testing as shown in the report.
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DEFINITION OF SYMBOLS USED

Symbol Definition

Cp Coach peel spot weld geometry

CT Cross tension spot weld geometry

D Nugget Diameter

DS Double shear spot weld geometry

e Load cecentricity relative to nuggetl center or periphery

F Remotely applied load

Frmax Maximum value of the remotely applied load

HSLA High strength low alloy steel

Kj Fatigue spot weld design parameter

K Mode I (opening mode) stress intensity factor

Knr Mode II (in-plane shear mode) stress intensity factor

LC Low carbon steel

M Bending moment transmitted by the nugget M = F e)

Ng Fatigue life (either to complete separation or visible crack) (cycles)
P Normnal component of applied load transmitted by the nugget
Q Shearing component of the applied load transmitted by the nugget
R Load ratio (Frin/Fmax)

STT Sheet to tube weldment geometry

t Sheet thickness

TS Tensile shear spot weld geometry

w Sheet width or spacing between nuggets

B Material parameter (2 for LC and 3 for HSLA)

e

Flange angle of a coach-peel joint




1. THE FATIGUE BEHAVIOR OF ELECTRIC RESISTANCE SPOT WELDS

The fatigue behavior of electric resistance spot welds is generally determined using laboratory
spccimens such as the double-shear (DS), teasile-shear (TS), coach-peel (CP) and others which
roughly approximate common service conditions: see Table 1. Each of the different spot weld
geometries has its own characteristic load-life fatigue curve (see Fig. 1) because the geometry and
loads applied to the weld differs from one geometry to another.
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Fig. 1 Maximum applied load versus total fatigue life (Ng)
for different DS, TS and CP specimens [1].

2. THE K; PARAMETER

The weld nugget itself is the same for all the different geometries shown in Table 1. What differs
from geometry to geometry is the nature of the stresses (or modes of deformation) generated at the
periphery of the weld nugget by the normal loads (P), shearing loads (Q) and bending moments
(M) applied to the joint: see Table 1. This condition has led to the development of a parameter (Kj)
which is an index of the stress field at the periphery of the spot weld and which, as will be shown,
correlates he fatigue behavior of all spot weld geometries in terms of the average normal, shear
and bending forces (P, Q and M) applied to the weldment: se¢ Table 1. The K; parameter is an

empirically derived quantity based on the concepts of mixed-mode fracture mechanics and the
available experimental data [2,3]:
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K% max + B K%I max
Ki = (1R)08 P ——— W
(Y
where:
K= Km;ia]+Kmomcnt = D‘\le)/z + DZ,&/[[K D2

Q

K = K =

I shear D m

B = Material parameter (2 for low carbon (LC) and 3 for high strength low alloy
(HSLA) steel sheet [2,3]).

The above form of Eq. 1 is slightly different from that reported in the earliest descriptions of Kj
[2,3]; the current fomu leads 10 better comrelations with experimental data. Simplified forms of the
expression for Kj are given below for the many of the geometries included in Table 1. See Table 1
for the definition of the geometric parameters D, W, and t and load application for each geometry.

-sh imen (R =
K; = E DB | @)
4N TW(362+D?)
Tensile-shear (TS) specimen (R = 0)
F 7 2
K; = V36t* + BD 3)
2N TW(36e4D?)
Coach-peel (CP) specimen (R =0)
F

+ 6e) S

K; =
20V TW(36£2+D2)

Cross-Tension (CT) specimen (R =0)
- vl F
Y 20 rW 362D

+3e) 5




3. CORRELATION OF Kj WITH EXPERIMENTAL DATA
3.1 Kjas afunction of fatigue life (Nf)
In Fig. 2, K is seen to provide an excellent correlation with the fatigue data of 482 spot welds
having DS, TS and CP geometries [1]. Thus, the parameter Kj is a unifying concept which allows
the engineer to predict the fatigue behavior for any spot weld for which the transmitted maximum

values of the loads P, Q and M are known from experiment or global structural analysis. As seen
in Fig. 2, the equation of the best fit (mean) curve to all data including LC and HSLA materials is:

K; = 1,223 (Ny) -0-187 failure is defined by complete separation. (6)

For 2 and 3 standard deviations (SD) confidence limits, the relationships between Kj and fatigue
life (Nf) to separation are: -

Ki = 621 (Nyp) -0-187 for 2 SD €))]
K; = 443 (Ny) 0-187 for 3SD (8)

A relationship for the fatigue life of tensile-shear specimens up to the appearance of a crack on its
external surface was also determined from experimental results [2,3]: see Fig. 3.

K; = 6,188 (Np) 9321 failure defined by the appearance of a visible crack. 9

For 2 and 3 standard deviations (SD) confidence limits, the relationships between K; and fatigue
life (Nf) to the appearance of a crack on its external surface are:

K; = 2,836 (Np) 0321 for 2 SD (10
K; = 1,920 (Np) 0321 for 3 SD (11

Tables 2 and 3 give simple expressions for the predicted fatigue swrength for the DS, TS, and CP
spot weld geometries for mean, 2 SD and 3 SD confidence limits based on total complete
separation of the spot welded joint. Table 4 summarizes information for tensile-shear spot welds
in which the definition of failure is the appearance of a fatigue crack on the external surfacc.

3.2 Fatigue life (Nf) as a function of Ki

Another set of best-fit equations, similar to Egs. 6-11, can be generated for the fatigue life (Nf)
considering Kj to be the independent variable:

Nr= 1.085e+13 (K;) -3.648 failure is defined by complete separation. 12

For 2 and 3 standard deviations (SD) confidence limits, the relationships between N (fatigue life to
separation) and Kj are:

Nf = 5.4494e+11 (Kj) -3.648 for 2 SD (13)
Nf = 1.2212e+11 (K;) 3648 for 3 SD (14)

A relationship for the fatigue life of tensile-shear specimens up to the appearance of a crack on its
external surface was also determined from experimental results:
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Ni= 6.748e+10 (K;) -2-601 failure defined by the appearance of a visible crack.  (15)

For 2 and 3 standard deviations (SD) confidence limits, the relationships between N (the fatigue
life to the appearance of a crack on its external surface) and K; are:

Ni= 7.320e+09 (K;) 2601 for 2 8D (16}

Nf= 2.414e+09 (Kj) -2-601 for 3 SD (17)

Equations 2 to 5 enable the designer to determine the effect of varying any design parameter on the
fatigue performance of the DS, TS, CP and CT joints. The relationship for K; (Eq. 1) and the
excellent correlation between the value of K; and the fatigue life of all available data for spot welds
(Egs. 7 to 17) permit predictions of fatigue life and fatigue strength to be made for any spot weld.

4. EXAMPLE APPLICATIONS OF THE Kj PARAMETER

4.1 Estimating the fatisuc life of a tensile-shear (TS) spot weld

A low carbon steel (8=2) tensile-shear spot weld has a sheet thickness t = 1.4 mm, a nugget
diameter D = 6.0 mm, a sheet width or inter-weld spacing W = 38 mm and an applied load range
of AF = 2,500 N for a zero to tension load cycle (R = 0):

D = 6.0 mm
t = 1.4 mm
F W = 38.0 mm
B = 2.0
= 0
Low Carbon Steel N — 5

The expected (mean) fatigue life to total separation (Nf) may be estimated using Eqs. 3 and 12:

Froax 362 + D2 =94.5 (N mm-3/2)

K; =
2N TW(36t5+D2)

For complete separation
Ny = 1.085e+13 (Kj) -3-648

Nf = 671.000 cycles
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4.2  Estimating fatigue strength of a double-shear (DS) spot weld

A low carbon steel (B = 2) double-shear (DS) spot weld has a single sheet thickness t = 1.4 mm, a
nugget diameter D = 6.0 mm, a sheet width or inter-weld spacing W = 38 mm is going to be
subjected to a zero to tension load cycle (R=0)

1DI D = 6.0 mm
F t = 1.4 mm
E > F W = 38.0 mm
B = 2.0
F, = ?
Low carbon steel ax 0
Ny = 105 cycles

From Table 1 (or Egs. 2 and 6), the average fatigue strength (50% reliability) at a life (to total
separation) of Ny = 10° cycles is:

2
F = 3,460 (1-R)-0.85 t+/rC;W N-0.187 where: Cy =%t7+ 1 (18)
F = 10.600 N. (50% confidence limit)

From Table 1 (or Egs. 2 and 8), the fatigue strength for 99% confidence limit (3 SD) at a life (to
total separation) of N¢= 105 cycles is:

2
F= 1,255 (1-R)085 t\/rC{W N-0.187 where: Cy = 3’]%— +1 (19)
F = 3,745 N. (99% confidence limit)

4.3 Comparing the effects of coach-peel (CP) geometries

A coach-peel spot weld was found to have a actual nugget radius of D, = 4.8 mm (small) rather
than the desired design value Dg = 5.8 mm. Furthermore, the weld nugget was miss-located such
that the eccentricity of the load "e" was 31 mm instead of 20,

Dy = 4.8 mm
F Dj = 5.8 mm
t = 1.2 mm
€ = 31.0 mm
F ed = 20.0 mm
The Kj for a coach peel joint is:
Frax
K; = D + 6e) 4)

20V 7W(36£2+D?)

For the same fatigue life, that is, keeping K; constant and other things being equal:
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Fa _
F; = 62%

Equation 4 predicts a reduction in the permissible load range load by a factor of 62% below that
desired.

4.4 Influence of coach-peel (CP) flange angle

One remedy for the problem with the coach-peel geometry of Example 2.3 is simply to incline the

flange by an angle (6). Equation 20 below predicts an improvement in the sustained fatigue load to

about 83 % of the designed load as a consequence of reducing the flange angle from 90° to about
480.

Fmax

K;=
20\ TW(362+D2)

\(D + 6¢)2sin2 0 + B D? cos2 § (20)

Figure 4 shows the experimental results for coach-peel specimens having 90° and 48° flank angles;

at 108 cycles, the fatigue strength of the actual (g = 90°) and the inclined (q = 48°) flange angle
Joint are 56% and 88% that of the desired design value, respectively.

104 = T TTTTIT T T TTTTIY T T T T T T Ty

F__=5501*(N) 0268

iN:LL\ F_ =4293* (N) ™%

e
2

5
TYFEIT T LIS L L B )

[+ A u]
% %43
'é' Fm=7956*(N‘)'°335 \%
E v T
§ [ | " Intended specimen: t=12,D =58, W =38, ¢=20mm, 6= %0°
10 £} —e— Defective specimen: 1= 1.2, D=438, W=38,¢= 31 mm, 6= %0° E
- | % 48" coach-peel specimen: t=1.2, N =48 W=138 =31 mm,
9=4%8°
1 b s rassgl sl T it 1 atagel 2 4 ragaal a1
16° 10° 10* 10° 10° 10 10°

Total fatigue life, N | (cycles)

Fig. 4 Maximum applied load versus total fatigue life for design, actual nugget, and actual nugget
with an inclined flange (6 = 489) coach-peel specimens [1].

45 Predictions for cross-tension {(CT) and sheet-to-tube (STT) components

A variety of tests have been run [1] involving cross-tension (CT) and sheet to tube joints. The
geometries of these weldments are shown in Figs. 5. The K values for the tensile shear sheet to
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tbe (TS-STT) joints were calculated using Eq. 1. The Mode I component was neglected since the
rotation of the nugget is limited by the rigidity of the tube. For cases where the sheet thickness
was different from the tube thickness, K; was calculated using an average sheet thickness of the
tube and sheet.

F

i= 5 21
20V TW(361+D?)
For the cross-tension Kjis given by:
E +3¢) 22)

' onaw@eZ+Dd
where ¢ is half the distance from the grip inner edge to the nugget periphery.

The experimental data are plotted in terms of the above K; parameters in Fig. 5. Figure 5 contains
also some cross-tension (sheet-to-sheet) data. The solid line is the regression analysis mean curve
from Fig. 2, i.e., Eq. 6. The agreement between the experimental data and Eq. 6 (solid line in

Fig. 5) represents an addidonal confirmarion of the validity of the Kj parameter as a fatigue design
aid.

10° ¢ Y
o~ -0.187
E 10° Ki=1223*Nf(° , 1 =0.80
& —
= A% &a O
102 | %ﬁ Solen
5 E ARN
2 i
E : Mean line from TS, CP, and DS
& 0 CT-STT eq ckness
g 10 0 CT-STT unequal thickness
E ¢ TS-STT equal thickness
+ TS-STT unqqg.} thickness
[ & CT equal thickness
10° 10° 10* 10° 10° 10 10

Total fatigue life, N  (cycles)

Fig. 5 Smess index (Kj) versus life to separation (Np) for the cross-tension and tensile-shear sheet-
to-tube (TS-SST and CT-SST) and cross-tension sheet-to-sheet spot welds (CT). The data points
represent 120 test records [1]. The solid line is Eg. 6.
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4.5  Predictions for a General Spot -Welded Component
In Table 5, the fatigue lives of four, hypothetical spot welds are estimated using Eq. 1.

D = 5.0 mm
1 = 1.4 mm
W = 38.0 mm
B3 = 3.0

R = 0

Ns = ?

5. LIMITATIONS OF THE Kj PARAMETER

The best-fit eqnatinns were obtained from fatigue data with total fatigue lives within the range of
104 to 107 cycles. Extrapolation of best-fit equations to the low cycle regime (Ny< 103 cycles)
might overestimate the fatigue life. Likewise, the extrapolation of the best-fit equations beyond 107
cycles can not account for the situations where the cracks growing throngh the specimen width
may stop and complete separation may never occur. Finally, it should be noted that the K;
parameter in its current form does not account for the tail effect (contact area behind the nugget)
which highly affects the fatigue life of the coach-peel specimens. No situations involving out-of
plane shear (Mode IIT, that is, Ky have considered or are included in the data base. Lastly, K;

does not consider any redundancy in the original structure which may result in a redistribution of
stresses in the component.
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