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ABSTRACT. A method for calculat
ing the fatigue crack propagation por
tion of the fatigue life of welds initiat
ing fatigue failure at the toe of the 
weld is presented. The method can be 
applied to arbitrarily shaped and 
loaded members having external fa
tigue cracks of an assumed initial 
size. The results indicate that esti
mates using this procedure can pro
vide reasonable estimates of the fa
tigue life of mild constructional steels. 
In the higher strength quenched 
and tempered steels, however, the 
initiation period which is neglected in 
this analysis may constitute the major 
portion of the fatigue life. The analyti
cal model allows the relative influ
ence of weld geometry on the crack 
propagation portion of the fatigue life 
to be assessed. 

Introduction 

Crack Initiation and Propagation 

The fatigue resistance of a weld is 
usually less than that of the metal 
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which it joins. This fact can be attrib
uted to several types of discontinu
ities — geometrical discontinuities, in
ternal flaws, or metallurgical discon
tinuities — which serve as stress con
centrators and accelerate fatigue 
damage in their locality.1-2 

The fatigue life of a weldment may 
be considered as consisting of two 
periods: (1) the number of cycles re
quired to initiate a fatigue crack or to 
initiate a fatigue crack from a pre
existing flaw (initiation), and (2) the 
number of cycles required to propa
gate the crack until failure occurs 
( p r o p a g a t i o n ) . The i n i t i a t i o n 
period34 is difficult to measure or 
predict. The length of this period de
pends upon the cyclic stress-strain 
behavior of the material, stress his
tory, residual stresses, and the geom
etry of the defect. 

In welded joints which often con
tain sizable discontinuities unavoid
ably created during fabrication, it is 
often assumed that the initiation 
period is short relative to the crack 
propagation period. The fatigue crack 
propagation portion of the fatigue life 
is a predictable quantity if the rate of 
fatigue crack growth per cycle 
(da/dN) as a function of the range in 
stress intensity factor (AK) has been 
empirically established for the envi
ronment, materials, and loading his
tory in question.56'7 Under most con
ditions of testing there is a threshold 
level of AK, AKtr, , which is just suffi
cient to propagate the crack. At very 
high values of AK, the crack growth 
rate becomes infinite, i.e., fracture oc
curs when the peak value of K during 
a cycle equals K(c . Between these 
two extremes and particularly for low 
AK values, the measured rates of 
crack growth can be expressed as a 
power of the range in stress intensity. 

da/dN = C(AK)n 
(1) 

From Eq. 1, the crack propagation 
period of the fatigue life can be esti
mated. 

N P =1 - _1. ..--.; -da 
• / C(AK)n 

If Eq. 2 proves impossible to obtain in 
a closed form, the integral may be 
evaluated by finite difference tech
niques. 

N, •s: 
1 

C(AK)' 
Aa (3) 

In previous studies3 8 the author has 
used Eq. 3 to estimate the fatigue 
crack propagation life of welds con
taining internal discontinuities. In the 
present study, the fatigue crack 
propagation life has been estimated 
for butt weldments containing ex
ternal flaws (toe cracks) using an 
elastic superposition procedure and 
Eq. 3. 

s-o-

I8O-0) 

• o - s 

h/w = I/2 tan Q/2 

w / t = tan db/2 

Fig. 1 — Geometry of a double- Vee butt weldment 

Table 1 — Stress Concentration Factors for Various Geometries 

Stress concentration factors (K t) 

$, 
deg 

0 
10 
20 
30 
45 
60 

h/w 
0.0 
0.045 
0.088 
0.134 
0.207 
0.29 

<*> = 
w/t 

90 deg 
= 1.0 
1.0 
1.36 
1.56 
1.72 
1.83 
1.82 

4> = 60 deg 
w/ t = 0.58 

1.0 
1.26 
1.42 
1.54 
1.62 
1.63 

<t> = 45 deg 
w/ t = 0.40 

1.0 
1.18 
1.25 
1.34 
1.38 
1.38 

4> = 30 deg 
w/ t = 0.27 

1.0 
1.10 
1.20 
1.24 
1.28 
1.27 

Fig. 2 Superposition 
principle for 
stresses in a 
flawed body 
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Fatigue in Butt Welds 
with Reinforcement Intact 

Butt weldments tested in fatigue 
with their reinforcement intact exhibit 
less fatigue resistance than plain plate 
or butt welds with their reinforcement 
removed due to the notch associated 
with the toe of the weld.2 Fatigue 
cracks invariably initiate at these loca
tions (shown schematically in Fig. 1) 
and propagate through the heat-
affected zone and base metal in a 
direction perpendicular to the applied 
stress. 

The height of the reinforcement (h), 
the width of the reinforcement (w), 
and the thickness cf the weld (t) influ
ence the severity of this notch. If one 
considers the weld reinforcement to 
be a segment of a circle, the ratios 
h/w and w/t determine the geometry, 
or, alternatively, the geometry may be 
specified by the flank angle (0) and 
the edge preparation angle (<p): see 
Fig. 1. The ratios h/w and w/t are 
functions of 6 and <t> respectively. 

h - 1 ton * 
w - 2 t a n 2 

* = tanf 

(4) 

(5) 

Fig. 3 — Geometry ot idealized weldments 

The geometry of the weld will influ
ence the state of stress along the 
direction of fatigue crack propaga
tion and hence will influence the rate 
of crack growth and the fatigue crack 

-Approximation of Weld Reinforcement 

0,5 

1 

Fig. 4 — Finite element network for stress analysis 
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propagation life of a weldment. 
To calculate the fatigue crack prop

agation lives of double-Vee butt welds 
of varying geometry, the following 
procedure was used. 

Procedures 

Elastic Superposition 

With reference to Fig. 2, one wishes 
to know the stress intensity factor for 
an edge crack in a body which is arbi
trarily loaded. This condition is repre
sented by the first body in Fig. 2. 
Using elastic superposition, the state 
of stress of the first body can be con
sidered to be the superposition of the 
stresses in bodies two and three (Fig. 
2). In the second body, the crack is 
held closed by the tractions neces
sary to do so, so that the body may be 
considered to be unflawed. The 
stresses in the second body and in 
particular the tractions necessary to 
hold the crack closed may be found 
using an appropriate elastic solution, 
or by using approximate finite ele
ment methods. 

The stresses in the third body 
which is not loaded externally are due 
to loading the internal surfaces of the 
crack with the negative of the trac
tions found in second body. By super
posing the stress fields of the bodies 
two and three, one obtains the 
stresses in first body. More impor
tantly for present purposes, the stress 
intensity factor associated with the 
crack in third body is identical to that 
in the first body. 

In terms of the present problem, 
the calculation of the stress intensity 
factor for an edge notch in a partic
ular geometry double-Vee butt weld 
consists of the following steps: 

1. Find the tractions in an un-
cracked weldment along the line to be 
traversed by the crack, using finite 
element methods. 

2. Fit these stresses with a poly-
nominal function. 

3. Calculate the stress intensity 
factor for any particular length of 
crack. 

4. Use Eq. 3 to obtain the fatigue 
crack propagation life, NP. 

Stress Analysis Using Finite Element 
Techniques 

Examples of the geometr ies 
studied are shown in Fig. 3. Because 
of symmetry only one quadrant of the 
weld need be considered. Geom
etries having flank angles (0) of 0, 10, 
20, 30, 45, and 60 degrees and edge 
preparation angles (<p ) of 30, 45, 60, 
and 90 degrees were analyzed using 
finite element methods. The geom
etry of a particular weld was modeled 
by subdividing it into a mesh of inter
connected triangles (Fig. 4). Linear 

Fig. 5 — Stress variation inward from the toe of the we'd reinforcement 

,£ = 90°, w/t = I.O 

• £ = 60°, w/t=0.58 

-<t=45°, w/l=0.40 

-</>=30°, w/t = 0.27 

0,30 

— a 

Fig. 6 — Stress concentration factor for various weld reinforcement geometries 

strain triangles were used and plane 
strain conditions were assumed. The 
applied (tensile) stresses were re
placed by equivalent nodal forces. 
The boundary conditions allowed 
freedom of displacement along the 
respective axes, and restraints per
pendicular to the axes. The stresses 
at each node were determined by 
averaging the stresses of all triangles 
joined at that node. A finer mesh was 
necessitated at the toe of the weld 
where the stress level changes rap
idly. 

The calculated stress levels for 
different flank angles are shown in 
Fig. 5 and listed in Table 1. It can be 
seen that the maximum value of 
stress (<7maK ) occurs at the toe of the 
weld and is between 1.2 to 1.8 times 
larger than the applied stress (S). The 

K*JFa{\.\ " - / " T l - f f d " } 

Mi «0.8 (-*•) +0.04 (- 3.62 x 10 x e 

Fig. 7 — Stress intensity factor for an edge 
crack loaded with an arbitrary system of 
internal stresses 
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I START j 

READ S, aQ! Aa, af, bQ, 

b,j t y b y b^, C, 

n, t 

INITIALIZE: a. = an, N = 0, a = a. 
i 0' p ' i 

CALCULATE: CT ,AK for a=a.(Eqs.6 & 8) 

PRINT a,a JAK ,N (initial values) 
3 3 r 

Aa 
F = 

3 6 C ( A K a ) n 

Np = N p + Fa 

a = a . + Aa/2 

CALCULATE g , AK f o r a = a. + Aa/2 
3 3 I 

F = 
a 

Aa 

6C(AK )' 

Np = Np + AFa 

a = a . + Aa 

CALCULATE g , &K_ f o r a = a. + Aa 

F 

a - a 

_A§_ 
a 6 c ( A K g ) n 

Np = Np + Fa 

PRINT a, CT > AK , N 
3 3 r 

f STOP j — yes 
NP = NP + Fa 

Fig. 8 — Flow chart for determining fatigue crack propagation life, Np 

stress level decreases rapidly with 
distance away from the toe of the 
weld, and after a distance of approx
imately 0.1t, the stress level (a) is ap
proximately that of the applied stress 
(S). At greater distances, the stress is 
slightly below the applied stress. 

The calculated stress concentra
tion factor (K, = <rmax /S) is plotted 
as a function of the geometries 
studied in Fig. 6. The stress concen
tration factor increases rapidly with 

increasing flank angle 0 (or h/w ratio) 
but does not increase much after 9 = 
45 deg (h/w ~ 0.2). For 0 = 60 deg, 
<j) = 90 deg a maximum K, of 1.8 was 

found. Reducing the angle of the edge 
preparation, 4> , reduces the stress 
concentration markedly: when 0 = 60 
deg, d> = 30 deg, K, is reduced to 
1.27. 

The calculated stresses shown in 
Fig. 5 were fitted with a fourth order 
polynomial using a least squares fit. 

JL = b0 + b,t*.) + b2 t f)
2 + 

S 
b3Lp + b4e*.)« (6) 

where a = stress at any point x 
S = applied stress 
x = distance from toe of 

weld 
b0, b,, b2, b3, b4 - con

stants 

This analytical expression can be 
conveniently used in stress intensity 
factor calculations (Eq. 8). 

Stress Intensity Factor for Edge Cracks 

The stress intensity factor for an 
edge crack in a semi-infinite solid uni
formly loaded at a distance from the 
crack is given approximately by79: 

K = L l t r ^A ra (7) 

The stress intensity factor for an edge 
crack in a semi-infinite solid loaded 
internally by an arbitrary system of 
stresses has been given by Emery10-11 

(see Fig. 7). 

K = v ^ ) l . 1 f f . . A j ) | d x } 
• '0 

where a = crack length 
cTa = stress at crack 

(8) 

and 

f(|0 = 0.8(|0 + 0.04(|-)2 + 
0.352 x 10-5 e(exp. 11.18 x/a) 

When the stress does not vary along 
the internal surface of the crack, i.e., 

0a 
3x 

0, Eq. 8 reduces to Eq. 7. 

Substituting Eq. 8 into Eq. 2 one ob-

(9) tains: N p = 

/ 
da 

C[v^a{l.1.-o/ <(-!>>[]" 

or in terms of finite differences and 
Eq. 3, ND = (10) 

E 
A a 

'.c[v»li-i.-£^>SMr 

Estimation of Fatigue Crack 
Propagation Life, N p 

Since the variation of stress along 
the interface to be traversed by the 
toe crack is a known funct ion of dis
tance (Eq. 6), AK, the range in stress 
intensity can be calculated for any 
crack length (a) and the fatigue crack 
propagation life calculated by Eq. 10. 
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The exact computation procedure is 
diagrammed in Fig. 8. Both of the 
summations are performed using an 
open-ended form of Simpson's Rule 
for numerical integration. The use of 
Simpson's Rule was found to give re
sults within one percent of closed 
form solutions (found by substituting 
Eq. 7 into Eq. 2)* when the increment 
in crack size was 0.01 in. 

In the calculations performed, the 
plate size of the weld (t) was assumed 
to be 1 in. for the purpose of compar
ing the calculations with available test 
results. The final flaw size was chosen 
to be 0.2 in. or 0.2t. This choice avoids 
the necessity of correcting for the 
opposite free surface of the plate. The 
fatigue life spent in propagating the 
remaining plate thickness is small 
compared with the life spent in prop
agating to a length of 0.2 in. Further, 
for most practical purposes a flaw 
size of 0.2t can be considered as con
stituting failure. 

Results and Discussion 

a 0.2 

O.OI 

Ferr i te-Peorl i te Steel 

C = 0.36 x IO"9 

n = 3.0 
S = 32 ksi 
4> -- 60° 

IOO 200 

NP Cycles ( x IO"3) 

Fig. 9 — Variation in Np with change in flank angle, 9 

300 

Effect of Weld Reinforcement Geometry 
on Np 

The calculated growth of a 0.01 in. 
toe crack in a one-inch thick double-
Vee butt weldment subjected to zero-
tension load cycling is shown in Fig. 9. 
The material is assumed to be a fer-
rite-pearlite steel having C and. n 
values of 0.36 X10-9 and 3.0, respec
tively.12 

Increasing the flank angle of the 
weld (0) from zero to 20 degrees 
greatly accelerates the rate of crack 

'This comparison is valid when © • 
Fig. 10 — Variation in Np with change in 
edge preparation angle, <f> 

g 

- 500 
z 

S t 20 ksi 
$ = 6 0 ° 
o0=O.Ol" 

Ferrite Pearlile Steels 
[C«0.36xKln n - 3 . 0 ^ 

Martensilic Sleels 
(C^0.66xl0"® n = 2,25J^=-

I I 

( Flonk Angle) 

Fig. 11 — Effect of varying material prop
erties on Np 

Table 2 — Results of Stress Analysis for Various Weld Profiles 

e 
deg 

0 
10 
20 
30 
45 
60 

0 
10 
20 
30 
45 
60 

0 
10 
20 
30 
45 
60 

0 
10 
20 
30 
45 
60 

h/w 

0 
0.045 
0.088 
0.134 
0.207 
0.29 

0.0 
0.045 
0.088 
0.134 
0.207 
0.29 

0.0 
0.045 
0.088 
0.134 
0.207 
0.29 

0.0 
0.045 
0.088 
0.134 
0.207 
0.29 

* 
deg 

90 
90 
90 
90 
90 
90 

60 
60 
60 
60 
60 
60 

45 
45 
45 
45 
45 
45 

30 
30 
30 
30 
30 
30 

w/ t 

1.0 
1.0 
1.0 
1.0 
1.0 
1.0 

0.58 
0.58 
0.58 
0.58 
0.58 
0.58 

0.40 
0.40 
0.40 
0.40 
0.40 
0.40 

0.27 
0.27 
0.27 
0.27 
0.27 
0.27 

b0 

1.0 
1.3643 
1.5631 
1.7168 
1.8311 
1.8192 

1.0 
1.2608 
1.4193 
1.5367 
1.6183 
1.6342 

1.0 
1.1812 
1.2543 
1.3379 
1.3826 
1.3826 

1.0 
1.0977 
1.2048 
1.2408 
1.2798 
1.2717 

b, 
0.0 

-7.0907 
-10.9766 
-14.0275 
-16.5662 
-16.3804 

0.0 
-5.4106 
-8.7313 

-11.3389 
-13.2720 
-13.8398 

0.0 
-4.1250 
-5.8365 
-7.9347 
-9.2857 
-9.5617 

0.0 
-2.4068 
-5.1746 
-6.1639 
-7.4016 
-7.4558 

b2 

0.0 
42.838 
66.255 
84.724 

100.538 
99.002 

0.0 
33,452 
53.981 
70.551 
82.985 
86.995 

0.0 
26.509 
37.533 
51.605 
61.650 
64.026 

0.0 
16.061 
34.914 
41.778 
50.766 
51.629 

b3 

0.0 
-104.200 
-161.048 
-205.972 
-244.876 
-240.467 

0.0 
-81.736 

-131.818 
-174.845 
-203.737 
-214.146 

0.0 
-65.865 
-93.230 

-129.039 
-156.326 
-162.986 

0.0 
-40.651 
-88.922 

-106.646 
-130.398 
-133.236 

b4 
0.0 

87.525 
135.200 
172.920 
195.652 
201.652 

0.0 
68.659 

110.665 
145.378 
171.545 
180.583 

0.0 
55.785 
78.937 

109.723 
134.234 
140.255 

0.0 
34.782 
76.386 
91.737 

112.597 
115.38.5 
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N p , Cyc les 

Fig. 12 — S-Np plot for martensitic and ferrite-pearlite steels 
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Fig. 13 — Effect of initial flaw size, a0, on fatigue crack propagation life, Np 

growth.616 Increases in flank angle 
beyond 30 degrees have little fur
ther effect. The major period of a 
crack's fatigue life is spent at very 
small crack lengths. 

The calculated influence of flank 
angle (?, and edge preparation angle 
<p upon Np is shown in Fig. 10. De
creasing $ or decreasing the width of 
the weld (w) for a given thickness 
lengthens the fatigue crack propaga
tion life. Small reductions in cp are 
equivalent to very large reductions in 
6 when 6 is larger than 15 degrees. 

Effect of Material Properties on Np 

The effect of varying material prop
erties is shown in Fig. 11 in which the 
calculated fatigue life Np is com
pared for ferrite-pearlite and marten
sitic steels. Average C and n values 
for martensitic steels are 0.66 x 108 

and 2.25 respectively.12 These values 
yield NP values for martensitic steels 
which are approximately one-third 
those of ferrite-pearlite steels for the 
initial flaw size chosen (a0 = 0.01 in.). 

The reduction in Np with increasing 0 
is less pronounced in this material. 

These effects can also be seen in 
the S-N plots of Fig. 12. The slope of 
the S-N curve is equal to the recipro
cal of the exponent (n) in Eq. 1. An ini
tial flaw size of 0.01 in. is assumed in 
this plot. Ferrite-pearlite steels exhibit 
longer lives and more sensitivity to 
the weld reinforcement geometry than 
the martensitic steels. The difference 
between the predicted lives for the 
two steels diminishes with increasing 
stress level. 

Effect of Assumed I nitial Flaw Size on N p 

In addition to the values of C, n, 
stress level, and geometry, the com
puted fatigue crack propagation life is 
extremely sensitive, if not the most 
sensitive, to the assumed initial flaw 
size. The sensitivity of the results is 
demonstrated in Fig. 13. The proper 
assumption of initial flaw size is crit
ical for accurate predictions of N p , 
and at present one can only guess at 

the appropriate value. Most calcula
tions in this work have been carried 
out with an assumed crack size of 
0.01 in. This is a reasonably sized 
"small" crack which will most cer
tainly exist at some (early) stage in the 
fatigue life of a weld. Assuming 
smaller cracks (0.001 in.) poses no 
problems for the analytical proce
dures described, but the behavior of 
such small cracks may not be prop
erly described by the power law (Eq. 
1). Nonetheless, crack propagation 
lives N P have been plotted for flaw 
sizes of 0.1, 0.01, and 0.001 in. 

Comparison With Fatigue Test Data 

The predicted fatigue crack prop
agation lives are compared with the 
total fatigue lives of constructional 
grade ferritic-pearlitic steels (A36 and 
A441) in Fig. 14 and constructional 
grade low-alloy martensitic steels 
(HY-130, HY-100 and T1) in Fig. 15. 
Naturally, this comparison is strained 
because any period spent in crack ini
tiation is ignored. On the other hand, 
several current investigators have as
serted that the initiation period in 
welds failing at the toe of the weld is 
negligibly short. 

The data for the A36 and A44113 are 
in quite good agreement with the pre
dicted fatigue crack propagation life. 
The spread in the test data is due to 
controlled variations and weld rein
forcement geometry. The predicted 
fatigue crack propagation life should 
be compared with test specimens giv
ing the longest lives since these are of 
equivalent geometries. On this basis, 
it seems that initial flaw size assump
tions of 0.01 in. and 0.001 in. bound 
the test data. For the A36 and A441 
steel data, the major portion of the 
fatigue life can be explained on the 
basis of fatigue crack propagation 
alone, with the assumption of a rea
sonable initial flaw size between 0.01 
and 0.001 in. 

This, however, is not the case with 
the data for the m a r t e n s i t i c 
steels.14-15'16 The large difference be
tween the predicted crack propaga
tion life and measured total fatigue life 
implies that a major portion of the fa
tigue life is spent in initiation. As
suming an initial crack size smaller 
than 0.001 in. would seem unreason
able and beyond the range of ap
plicability of the power law (Eq. 1). Al
though the crack propagation life of 
the martensitic steels is shorter (for 
the condition at hand), the longer (ap
parent) initiation period contributes to 
the life of these specimens so that 
there is little difference between the 
fatigue life of the martensitic steel 
weldments and the ferritic-pearlitic 
weldments which exhibit longer crack 
propagation lives but lesser initiation 
periods. 
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A-36(H,gM 
A-36! Low) 
A-441 (H.gh) 
A-441 (LOW) 

- Anolytkol 
4 >60*. w/l .0,58 
6 =20*. h/w*0.097 

HY-130 Steel ( t= l " ) 
HY-IOO Steel (t»3/4") 
TI Steel (1=3/4*) 

- Aoolyl'col 
•> = 60 " , w/|.0.58 
8 = 20', h/w = 0.097 

Fig. 14 — Comparison of the analytical and test results for the 
fatigue lives for A-36 and A-441 steels 

Fig. 15 — Comparison of analytical and test results for Np tor 
martensitic steels 

The effects of weld geometry upon 
the fatigue lives of the A36 and A441 
fatigue specimens14 is shown for two 
different stress levels in Figs. 16 and 
17, respectively. Again, the data are 
bounded by the calculated fatigue 
crack propagation lives for assumed 
initial crack sizes of 0.01 and 0.001 in. 
As the flank angle, 0, or height to 
width ratio, h/w, is reduced, the total 
fatigue lives of the tested specimen 
increase more rapidly than expected 
at the higher stress levels. Possibly, 
the initiation period becomes pro
portionally larger as the severity of the 
stress at the toe of the weld is re
duced. 

Conclusions 

An analytical model has been 
developed to calculate the fatigue 
crack propagation life of arbitrarily 
shaped and loaded weldments con
taining an external crack of assumed 
initial size. 

With the model, the effects of weld 
geometry, material properties, stress 
level, and initial flaw size were con
sidered. Differences in weld geom
etry were found to influence the fa
tigue crack propagation life by as 
much es a factor of three while mate
rial properties and initial flaw size can 
have a much larger effect. 

Comparisons with fatigue results 

for A36 and A441 steel weldments re
veal a good agreement between the 
calculated fatigue crack propagation 
lives and the total lives of tested spec
imens implying that in these mate
rials the crack initiation period is rela
tively short. In such cases the calcu
lation methods discussed can pro
vide a reasonable lower bound for the 
fatigue life of such materials. There is 
a large discrepancy between the test 
results for low-alloy martensitic steels 
and the calculated fatigue crack prop
agation lives using similar assump
tions of initial crack sizes, which im
plies that a larger proportion of the 
fatigue life is spent in crack initiation 
in these materials. 
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Although the uncertainty as to the 
proper choice of initial flaw size pro
hibits the exact calculation of the fa
tigue crack propagation life, compar
isons of calculated lives for differing 
geometries with identical initial crack 
sizes does allow the influence of 
geometry on the fatigue crack prop
agation life to be studied. 
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Welding 
Zinc-Coated 

Steel 

A manual on arc and 

gas welding methods 

This compact manua l presents information on how to gas and arc weld zinc-
coated steel, including galvanized steel, thermal sprayed steel and steel painted 
with zinc-rich primers. 

Welding Zinc-Coated S tee l covers most of the commercially used welding 
processes, and includes numerous tables listing actual welding conditions and 
even the soundness of the result ing welds. 

The excellent long-term protection of steel by galvanizing or thermal spraying, 
together with the a t t endan t low main tenance cost, have led to the widespread 
application of zinc coatings to large structures such a s h ighway bridges, power 
and television t ransmission towers, etc. 

The use of zinc-rich paints in the form of welding primers for the temporary 
protection of shot-blasted steel during fabrication a n d prior to the application of 
the final paint coating is also increasing each year, typical applications being ship 
hulls and plat ing and all forms of s tructural steelwork. 

To exploit the exceptional advan tages of zinc coatings, both for pe rmanent 
and temporary protection, it is essential to be able to weld zinc-coated steel and to 
produce joints hav ing qualities equal to those of joints in uncoated steel. 
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