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Effect of Climatic Conditions on Diffusible 
Hydrogen Content in Weld Metal 

A method for predicting atmospheric influence on diffusible 
hydrogen for climates worldwide is presented 

BY G. DICKEHUT A N D U. H O T Z 

Introduction 

Historical Background and Research 
Initiatives 

As long ago as 1960 (Ref. 1), Zitter re
ported that the moisture content in the air 
surrounding the arc has an effect on the 
hydrogen content of the weld metal. 
Subsequently, other researchers (Refs. 2 -
4) have confirmed that indeed the diffus
ible hydrogen content (HD) increases with 
the increasing water vapor partial pres
sure (PH2O) of the air. Figure 1 shows this 
relationship for three different basic cov
ered electrodes (Ref. 2), with the diffusible 
hydrogen increasing as the square root 
(VPH20) ° f m e water vapor partial pres
sure increases. 

Despite this knowledge (Refs. 1-3), the 
influence of the atmospheric moisture has 
been hitherto disregarded in the control 
of hydrogen-induced cracking when 
welding steel, for the following reasons: 

1) In the 1960s and 1970s, welding ac
tivity in temperate zones was high in rela
tion to that in tropical and subtropical 

C. DICKEHUT and U. HOTZ are with Welding 
Industries Oerlikon Buhrle Ltd., Zurich, Switzer
land. 

countries where there can be a combina
tion of high temperature (t) and high rel
ative humidity (RH), both leading to a high 
water vapor partial pressure (PH20) ac_ 

cording to: 

PH2O - ' 

RH X saturation water vapor 
pressure 

100°o 
(I) 

In Europe, the t and RH variation is not high 
enough to have led to technological prob
lems in the past. 

2) In the U.S., the moisture content in 
the electrode coating was the technolog
ical criterion for the control of consum-
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ables to avoid cracking. Unlike the British 
practice (BS 5135), where the hydrogen 
content must be known to choose a pre
heat temperature, extensive tables (Ref. 5) 
compiled from practical experience have 
been used in the U.S. Therefore again, the 
problem did not arise. 

3) In the 1970s, before the widespread 
use of electrodes with very low moisture 
in their coatings and with great resistance 
to moisture absorption, most electrodes 
then in use gave diffusible hydrogen con
tents around 10-15 mL/100 g. At such 
levels, the effect of atmospheric moisture 
is not very significant from the practical 
viewpoint. Consider the climates I and II 
marked in Fig. 1 and their effects on the 
relative change of diffusible hydrogen 
contents for electrodes 4A, 4B and 4C. 

However, the situation is different now 
and the effect of the climatic conditions 
can no longer be ignored because of the 
combination of the following significant 
developments: 

1) Since the mid-1970s, low moisture 
content/moisture-resistant electrodes 
have been used increasingly, and numer
ous fabrication specifications require that 
the diffusible hydrogen content must be 
controlled either to 10 mL/100 g max or 
to 5 mL/100 g max. Appropriate welding 

WELDING RESEARCH SUPPLEMENT 11-s 



Q 
X 
c 
0) 
01 
o 
k l 

TJ 

> 
01 

Fig. I - Effect of — 
atmospheric •— 

moisture on the 3 
hydrogen content JJ; 
//1 r/8?e we/a1 mete/ Q 

deposited from 
basic covered 

electrodes. 
Measured values 

after Refs. 2 and 7. 
(1hPa = 1.450 • 

10~2 psi). 

14-

ml 
100g 

1 2 -

1 0 -

8 -

6 -

4 -

2 -

0 -

Cl im 
3095RH 

ate I 
20 °C 

-

17.2% 

26.0% 

^ — • " ^ 

68.6% 

t 

Climate II 
90%RH.30°C 

I 

7l/hPa 8 

W a t e r v a p o u r p a r t i a l p r e s s u r e ^ p H 2 0 

procedures deve loped for such hydrogen 
levels enable economic savings to be 
made by decreasing the preheat temper
ature requi red to avo id cracking. 

2) The applications of the higher 
strength microal loyed and low-a l loyed 
steels have been increasing in diversity 
and sophist icat ion, and their successful 
exploi tat ion has been related to we ld ing 
w i th electrodes w i th diffusible hydrogen 
not exceeding 5 m L / 1 0 0 g. 

3) W i t h the rapid industrialization of 
the tropical countr ies, qui te sophisticated 
we ld ing operat ions have been under
taken in India, Indonesia, Latin Amer ica, 
the Philippines and other countr ies w h e r e 
a combinat ion o f high tempera ture (ca. 
30°C /86°F ) and high RH (ca. 85%) leads to 
a high pi-bo (Equation 1). It emerged that 
under such climatic condi t ions, an elec
t rode wh ich in Europe con fo rms to the 
requirement of max imum 5 m L / 1 0 0 g can 
no longer consistently satisfy the above 
condi t ion. 

The Program of Investigations 

This paper brings together t w o sepa
rate strands of research wh ich w e r e car
ried out total ly independent ly but c o m 
p lementary to each other : 

1) O v e r a number of years at Oer l i kon 
in Zurich (Switzerland) and Eisenberg 
(Germany), numerous data for diffusible 
hydrogen w e r e accumulated for E7018 
electrodes as a result o f rout ine quali ty 
cont ro l carr ied out accord ing to I IW stan
dard procedures (Ref. 6). These data w e r e 
used in a research p rog ram that revealed 
the ef fect of climatic condit ions o n the 
diffusible hydrogen content in the w e l d 
metal . 

2) At the Technical University of Bruns
wick (Germany), a doctora l research 
pro ject was carried out t o deve lop a no-
mogram (Ref. 7) f r o m wh ich the content 
of diffusible hydrogen can be pred ic ted, 
w i thou t testing, in any part of the w o r l d 
w i th the k n o w n climatic condit ions ( t °C , 

%RH), p rov ided a test result is available for 
a given e lect rode under one k n o w n cli
matic cond i t ion . The economic benef i t o f 
such a theoret ical m e t h o d is self-evident. 

Var ia t ion in t h e Di f fusible 

H y d r o g e n C o n t e n t fo r E7018 

Electrodes (Program A) 

Test Conditions 

The test pieces w e r e w e l d e d according 
to the standard IIW procedures (Ref. 8). 
For the sake of speed, the hydrogen con 
tent was de termined using the Oer l i kon-
Yanaco analyzer based o n gas chroma
tography (Ref. 9), wh i ch enables quicker 
generat ion of data than hydrogen-gas 
col lect ion either over mercury or other 
liquids. 

The electrodes tested we re E7018 
(Tenacito R) and E7018-G/1%Ni (Tenacito 
38R) in three sizes: 3.25-, 4- and 5-mm d i 
ameter (Vs-, V32- and Vie-in.). All elec
t rodes w e r e manufactured and t reated to 
comp ly w i t h the requi rement of a maxi
m u m of 5 m L / 1 0 0 g of hyd rogen . They 
w e r e tested immediately after baking or 
redrying. 

Test Results 

As w o u l d be expec ted , the results ac
cumulated over a per iod of four years 
(be tween January 1, 1984, and December 
3 1 , 1987) s h o w e d some scatter. This is 
represented by the data given in Table 1 
wh ich , h o w e v e r , shed no light whatso
ever o n the reasons for the variations o b 
served. 

Subsequently, all available data have 
been p lo t ted in t w o di f ferent ways: 

1) Starting w i t h January 1, 1984, a day 
was assigned to each value. To simplify 
matters, each mon th was assumed to 
have 30 days, and a year consisted o f 360 
days. For the per iod January 1, 1984, t o 
December 3 1 , 1987, there is a total o f 
1440 days. Figure 2 shows the plot of the 
individual measurements over the per iod 
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Fig. 2 - Fluctuations of the diffusible hydrogen content in weld metal de
posited with electrodes in the 3.2-5.0-mm-diameter range between Jan
uary 1, 1984, and December 31, 1987 (1440 days). 
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Fig. 3 — Yearly fluctuations of the diffusible hydrogen content in weld 
metal deposited with electrodes in the 3.2-5.0-mm-diameter range. 
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Table 1—Variation in the Diffusible 
Hydrogen Data Accumulated over Four 
Years of Routine Quality Control 

Table 2—The Results of Regression Calculations Using the Function y = a + b cos(x) 

Diameter 
(mm) 

3.25 
4.00 
5.00 

All sizes 

Number 
of 

Tests 

81 
68 
38 

187 

Mean Standard 
Value Deviation 
HD HD 

(mL/100 g) (mL/100 g) 

2.89 
2.98 
3.27 
3.00 

0.60 
0.58 
0.58 
0.61 

Electrode 
Diameter 

(mm) 

3.25 
4.00 
5.00 

All sizes 

Number 
of 

Tests 

81 
68 
38 

187 

a 
HD(a) 

2.91 
2.99 
3.21 
3.00 

b 
III) 

-0.38 
-0.42 
-0.36 
-0.41 

r(b) 

0.43 
0.51 
0.46 
0.48 

HI) 

0.55 
0.51 
0.52 
0.54 

a HD is in mL/ 100 g0M. 
b r is the correlation coefficient. 
c a is the standard deviation of the values from the regression curve. 
d F is the variance ratio or Snedecar's ratio F. 
e Fmin. is the minimum F-values required tor 99% significance (7 = 0.01). 

F'd»ca,c. 

18.1 
23.3 

9.8 
55.4 

6.69 
7.01 
7.40 
6.81 

of 1440 days. Despi te some scatter, per i 
odic f luctuations in the p lot can be per
ce ived. 

2) The diffusible hydrogen contents 
recorded o n the same date every year 
th roughout the four-year per iod w e r e 
col lected. Here again, each m o n t h was 
assumed to have 30 days. Figure 3 shows 
the plot of the results over a per iod of 360 
days. Here the t rend appears to be fo r 
higher values to occur in the summer 
months (days 150-240) and for the l ower 
values to cluster dur ing the w in ter months 
(days 1-60 and 300-360) . 

Mathematical Analysis 

In the search for a mathemat ical func
t ion t o describe the observed f luctuations 
(Figs. 2 and 3), it was f ound that the 
fo l low ing funct ion w o u l d be appropr ia te : 

y = a 4- b cos (x) (2) 

Table 2 gives the results obta ined fo r 
the regression calculations carr ied out us
ing the above funct ion (Equation 2). In Ta
ble 2, the F-value is very impor tant in de 
ciding whe the r or not the curve has a sig
nificant fit w i t h the test results. 
If 

F > F n 

where Fp _ i , N • P ; | -

1, N - p ; l - 7 

is taken f r o m the 
F distr ibut ion, then the hypothesis that the 
regression curve represents a g o o d fit 
w i th the pairs of values is correct . Table 2 
also gives the specif ied m in imum F-values 
at 99% significance level (7 = 0.01), wh ich 
w e r e obta ined f r o m the F-distribution ta
ble. 

From the same table, it is ev ident that 
for each e lect rode size, as wel l as for all 
the sizes taken together 

'calculated -^ Fmjn. 

There fore , it is considered that the se
lected regression curve (Equation 2) rep
resents a significant fit into the exper imen
tal data. Figure 2 illustrates the fit of the 
curves for all sizes obta ined by the regres
sion calculations for the f luctuat ions over 
the per iod o f four years, and Fig. 3 shows 
the fit of the curve for all sizes for the pe
r iod o f 360 days, using the data reco rded 
on the same date each year. The paths of 

the regression curves th rough the distri
but ion of the diffusible hydrogen levels 
show: 1) peaks occur in the summer w h e n 
the max imum values are reco rded , and 2) 
t roughs occur in the w in ter w h e n the 
min imum values are reco rded . 

Accounting for the Observed Fluctuations 

Bearing in mind the previous reports 
(Refs. 1-4) on the ef fect of atmospher ic 
humidi ty on the diffusible hydrogen c o n 
tent , a study was made to f ind ou t whe the r 
or not the wa te r vapor partial pressure 
(pn2o) varies accord ing to the cosine rela
t ionship in the course of a year. Figure 4 
shows the change in the atmospher ic w a 
ter vapor partial pressure ( P H 2 O ) over one 
year in Zur ich. The average P H 2 O was cal
culated according to Equation 2 f r om the 
average month ly temperature and rela
t ive humidi ty levels. 

The curve in Fig. 4 is clearly such that, 
like the one describing the data in Fig. 3, 
it can be wel l de te rmined by a cosine 
funct ion. As expec ted , the max imum and 
min imum values d o no t coincide exactly 
w i t h the middle and the end o f the year, 
but are shifted by approximate ly one 
m o n t h later in each case. Despi te this dis
p lacement , it is considered that the results 
of regression calculations are satisfactory. 

Consequences for Electrode Users 
Worldwide 

High quality electrodes, w i t h l o w mois
ture in their coatings and w i t h great resis

tance to moisture absorpt ion, may be 
p roduced and QC- tes ted on one locat ion, 
but they may be used w o r l d w i d e . In 
Europe, e.g., Zurich or Eisenberg, such 
electrodes may c o n f o r m comfor tab ly t o 
the requi rement of max imum 5 m L / 1 0 0 
g —Figs. 2 and 3. H o w e v e r , the data con 
sidered earlier indicate that the p H 2 o of the 
atmosphere has an effect on the diffusible 
hydrogen content : the greater the water 
vapor partial pressure, the higher the dif
fusible hydrogen content . 

For a bet ter appreciat ion of the varia
t ion in the climatic condit ions, and of the 
di f ferences b e t w e e n central Europe (Zur
ich, Switzerland) and locations nearby 
of fshore construct ion sites, the calculated 
(Equation 1) wa te r vapor partial pressure 
( P H 2 O ) is p lo t ted in Figs. 5 and 6. The av
erage month ly temperatures and relative 
humidit ies needed for the calculation w e r e 
taken f r o m the World Weather Guide 
(Ref. 10). In the latter case, the averages 
we re calculated w i th the values recorded 
in the morn ing and at midday. 

Figure 5 (nor thern hemisphere) shows 
that the average p H 2 o in Nigg (nor thern 
Scotland) is nearly the same as in Zur ich, 
and in Gibraltar it is nearly tw ice as high as 
in Zur ich. For the o ther locations in this 
f igure, the s u m m e r / w i n t e r f luctuat ion for 
P H 2 O is important . The highest values for 
P H 2 0 are recorded in Sharjah (Emirates, 
Persian Gulf). 

In Fig. 6 (southern hemisphere) it can be 
seen that P H 2 O is more regular over the 
year than in Fig. 5, and that the highest 

Fig. 4 — Variations of 
atmospheric vapor 
pressure over a 
period of one year in 
Zurich, Switzerland. 
(IhPa = 1.450 • ICr2 

psi). 
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Fig. 5 — Variations of atmospheric vapor pressure over one year for se 
lected locations in the northern hemisphere (Ref. 10). 
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Fig. 6— Variations of atmospheric vapor pressure over one year for se
lected locations in the southern hemisphere (Ref. 10). 

values are compiled for Rio de Janeiro. It 
should be borne in mind that temperature 
and relative humidity can deviate mark
edly from the average values, depending 
on the weather. In addition, temperature 
and relative humidity are subject to the 
well-known fluctuations between daylight 
and nighttime. These fluctuations are 
sometimes quite considerable. However, 
if the weather remains stable, it can be as
sumed that the atmospheric water vapor 
partial pressure will not change too much. 

Now, with the knowledge presented 
above, it would appear that the only cor
rect way to proceed is to always test the 
electrodes under the same climatic condi
tions in which they would be used in pro
duction welding. However, this is expen
sive if not prohibitive because each elec
trode user operating under different 
climatic conditions would have to possess 
suitable equipment and laboratory staff 
for the determination of the diffusible hy
drogen content. However, the research 
(Ref. 7) carried out under Program B has 

a) 

///, w 

obviated this necessity and economic en
cumbrance. A theoretical method has 
been developed (Ref. 7) for the prediction 
of diffusible hydrogen under any climatic 
conditions, provided that one measured 
value is known in one climate. This is de
scribed in the next section. 

A Method for Predicting the 
Diffusible Hydrogen Content under 
any Climatic Conditions 
(Program B) 

The Basis of Method 

Extensive research work was carried 
out at Brunswick University (Ref. 7) on the 
effect of ambient humidity on the weld 
metal hydrogen content. The data gener
ated and those of others (Refs. 1-4) were 
analyzed together, and this has led to the 
elaboration of a predictive nomogram. 

All the results showed that the depen
dence of the effective metal hydrogen 
content on the sources of moisture can be 

b) 

described by the following equation: 

HD. H O „ M I—I 
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Fig. 7 — uM-Nomogram for the prediction of diffusible hydrogen content in weld metal at any given 
climate. 

HD = (HD)0 + E VPi^cT (3) 

This equation incorporates two physical 
elements: (HD)o is the base hydrogen 
content originating solely from the mois
ture in the electrode coating, and E \ / P H 2 O 
is the hydrogen content supplied by the 
water vapor partial pressure prevailing in 
the surrounding atmosphere at the time of 
welding. 

The coefficient E is a measure of the 
susceptibility of a given electrode arc to 
the penetration by the ambient humidity. 
As can be seen in Fig. 1, the higher the 
base hydrogen content at VPH20 = 0, 
the lower is the slope of the curves (E). 
This means that the influence of the am
bient humidity decreases with the increas
ing moisture content of the electrode 
coating. This change in the slope (E) has 
been taken into account in the elaboration 
of the nomogram. 

The Predictive Nomogram 

Figure 7 gives the nomogram in repro
ducible form. The nomogram is applicable 
to basic low-hydrogen covered electrodes 
(AWS Classifications EXX15-X, EXX16-X 
and EXX18-X - validity for EXX28 is not yet 
checked) in the as-dried state (as baked in 
manufacture or redried, as recommended 
by the manufacturer, prior to use). Using 
the nomogram and the climatic data avail
able, it is possible to predict diffusible hy
drogen contents in the different climates 
without the need to conduct experimen
tal tests, provided one value for the 
hydrogen content is known (e.g., a QC 
test result) in one climate. 

The nomogram in Fig. 7 is composed of 
two parts: 

Part A — The left side. This gives a stan
dard diagram in which the relative humid
ity (%) curves are plotted in terms of tem
perature (t in °C) on the abscissa and the 
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water vapor partial pressure of the air 
(VPH20 in hPa) on the ordinate. This dia
gram is analogous to a similar diagram in 
the A W S D 1.1 Code. 

Part B — The right side. This gives in di
agrammatic form the calculated depen
dence of the diffusible hydrogen content 
on the \ / P H 2 O , as in Fig. 1. 

The variable of \fp»2o binds the two 
parts together into one nomogram. 

The meaning of the symbols on the no
mogram are: 

HD (HD1) is the diffusible hydrogen 
content in the weld metal. 

PH2O is the water vapor partial pressure 
in the surrounding air, or the absolute hu
midity. 

t (t1) is the temperature in °C. 
RH (RH1) is the relative humidity in %. 

When the nomogram is used, a clear dis
tinction must be made between the hy
drogen values documented. HD (HD1) is 
the measured diffusible hydrogen con
tent, and HD„M is the predicted diffusible 
hydrogen content. 

Example of Usage 

Assume the following situation: Data 
available - HD = 2.5 mL/100 gDM ~ a 
QC test result obtained at t1 = 20°C, 
RH1 = 30%; Information required —a 
hydrogen content at t = 30°C and 
RH = 80% 

Procedure Steps are as follows: 
1) Use the left-side diagram A in Fig. 8 

and plot on it the climatic data under 
which the hydrogen measurement was 
carried out: t = 20°C and RH = 30%. For 
20°C, mark a point at 30% RH. 

2) From this point, draw a horizontal 
line toward the right-side diagram B and 
mark with a point the HD = 2.5 mL/100 g 
value where this horizontal line meets this 
value between the appropriate curves for 
2 and 3 mL/100 g. 

3) Draw a vertical line on diagram B 
through this point. On this vertical line, the 
predicted hydrogen contents (HD„M) can 
now be read off for any climate where 
welding is to be carried out. 

4) On the left-side diagram A, plot the 
coordinates of the climate in question: 
t = 30°C and RH = 80%. For 30°C, mark 
a point at 80% RH. 

5) From this point, draw a horizontal 
line to the right-side diagram B. 

6) Where this horizontal line intersects 
the vertical line drawn under Step 3, read 
off the predicted hydrogen content: 
HD„M = 5.3 mL/100 g. 
At the chosen climatic condition of 30°C/ 
80%RH, the predicted HD-content of the 
electrode will be slightly out of the spec
ified hydrogen level of less than 5 mL/ 
100 g. 

1. Denotes that these three factors are related 
and used as the base for prediction at other cli
matic conditions. 

a) b) 
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Fig. 8 —Example: Prediction on the diffusible hydrogen content in weld metal. 

Table 3—Predicted Variation in the Diffusible Hydrogen Levels Depending on the Variation in 
the Climatic Conditions in Various Countries'*' 

Climate 

Predicted 
Hydrogen Levels(d> 

HD„M 
mL/100 g 

Location 

Zurich 
Seoul 
Tokyo 
Perth 
Auckland 
Cape Town 
Gibraltar 
New Orleans 
Rio de Jan. 
Sharjah 

Month 

Jan 
Jan 
Jan 
Sep 
Aug 

Jul 
lan 
lan 
lul 
lan 

t(b) 

°C 

- 1 
- 4 .5 

3 
14.5 
11 
12 
13 
12.5 
20.5 
17.5 

RH<C> 

% 
81 
64.5 
60.5 
62.5 
75 
79 
75.5 
77 
77 
71 

Month 

lul 
Aug 
Aug 
Feb 
Jan 
Feb 
Aug 
Aug 
Jan 
Aug 

t 
°C 

18 
26.5 
26 
23 
19.5 
21 
25 
2K 
26 
33.5 

RH 

% 
67 
76 
79 
48 
66.5 
65.5 
66.5 
73.5 
76 
65 

min 

2.2 
1.8 
2.2 
3.2 
3.1 
3.3 
3.3 
3.3 
481 
3.7 

max 

3.6 
4.9 
4.9 
3.6 
3.8 
3.9 
4.4 
5.0 
4.8 
5.5 

a Reference values: HD = 2.86 mL/100 g. t = 21°C, RH = 33%. 
b I average monthly temperature. 
c RH average monthly relative humidity. 
d This applies to the weld metal deposited f rom E7018 electrodes. 

Validation 

In order to verify the accuracy of the 
nomogram (Fig. 7), the following two 
separate operations were carried out: 

Operation 1 (Ref. 7): Using a starting 
value for a measured hydrogen content 
under known climatic conditions, pre
dicted hydrogen values were estimated 
from the nomogram for a number of cli
matic conditions, for which actual mea
sured values were also available. Figure 9 
shows the comparison of the measured 
and predicted values, the latter having 
been derived from Fig. 7. Considering the 
fact that in this case the data were gener
ated by different techniques (gas chroma
tography, the mercury method and the 
glycerol method converted to the mercury 
equivalent), the scatter is not 
too prohibitive. Therefore, the "uM-
Nomogram" of Fig. 7 can be considered 
sufficiently accurate for practical applica
tions. 

Operation 2 (Ref. 6): It brings together 
the two strands of work (Programs A and 

B) by making the following comparison in 
Fig. 10: 1) the hydrogen contents mea
sured in Zurich over the period of 1440 
days with the best fit cosine curve which 
shows the average trend as in Fig. 2 and 
2) the minimum-maximum lines predicted 
from the uM-Nomogram of Fig. 7 using the 
average climatic conditions at both maxi
mum and minimum water vapor partial 
pressure (t, RH-values taken from Table 3 
for Zurich). 

It is gratifying to see that the best fit co
sine curve lies within the min-max bounds 
predicted from the uM-Nomogram — 
Fig. 7. 

Practical Implication 

The production of very-low-hydrogen 
electrodes, complying with the maximum 
of 5 mL/100 g (or less), is a high-cost op
eration requiring expensive silicate bind
ers, carefully controlled procedures, labor 
and time-consuming QC testing. All it 
takes is a humid climate to invalidate the 
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Fig. 9 - Verification of the 
accuracy of the 

vM-Nomogram shown in Fig. 
7, using results obtained from 

various research studies 
(Ref. 7). 

2 4 

Measured d i f f u s i b l e h y d r o g e n HD 

lOOg 

Fig. 10 —Diffusible weld 
metal hydrogen content of 

3.2-5.0-mm-diameter 
electrodes over a period of 

1440 days. These are the 
actual measured values and 

calculated extreme values for 
minimum and maximum PH2O 
in the atmosphere in Zurich, 

Switzerland. 

HD-JMm 

-wt 1080 1260 

day 

3.00-0.41*COS(X) 

bases using procedures approved in a 
moderate climate. 

Conclusions 

1) Earlier reports have been corrobo
rated. The absolute atmospheric humid
ity, i.e., the water vapor partial pressure 
(pH,o) of the air, has an effect on the dif
fusible hydrogen content in the weld 
metal deposited from basic covered elec
trodes (AWS EXX16-X and EXX18-X). 

2) The summer-winter fluctuations in 
the QC test results for the hydrogen con
tent were correlated with similar fluctua
tions in the atmospheric P H 2 O 

3) A predictive nomogram was devel
oped to estimate the diffusible hydrogen 
content under any climatic conditions 
when one value is known under one cli
matic condition. 

4) A given batch of very-low-hydrogen 
electrodes, conforming to the maximum 
of 5 mL/100 g on one location, may fail to 
comply with this requirement on another 
location where the climate is extra humid. 
Unless this is realized, production welding 
difficulties (hydrogen-induced cracking) 
and contractual problems (validity of cer
tification) may arise. 

5) To comply with the maximum hy
drogen level of 5 mL/100 g with the 
increasing moisture level in the air sur
rounding the arc, it is necessary to further 
lower the moisture content in the coating 
by increasing the drying temperature. 

specified low-hydrogen properties when 
production welding is carried out. 

It is possible that ambient humidity can 
influence the drying of the electrode 
coatings, and consequently, the value of 
the base hydrogen content (HD)o as ex
pressed in Equation 3. However, up to 
now there has been no information pub
lished on the extent of this influence, if 
any. Therefore, for now, only the effect 
of the ambient humidity acting through 
the welding arc on the weld metal hydro
gen content will be considered. 

One thing is clear: as the water vapor 
partial pressure (PH2O) raises the hydrogen 
content (Equation 3), it is necessary to start 
with a low base value (HD)o to secure 
compliance with the maximum of 5 mL/ 
100 g. This can be achieved by elevating 
the electrode baking temperature. 

To illustrate how climatic conditions in 
different parts of the world can affect the 
hydrogen content of a given E7018 elec
trode, Table 3 has been compiled using 
the nomogram in Fig. 7. An electrode 
which yielded HD = 2.86 mL/100 g at 
t = 21CC and RH = 33% (see validation 
section above) was chosen as a realistic 
starting point. Using these base values in 
the nomogram of Fig. 7, the respective 
HDt,M values for minimum and maximum 
pn 2 o a t different locations throughout the 
world could be predicted. It is clear that 

for some places the 5 mL/100 g limit might 
become critical. It should be noted that 
the stated minimum and maximum values 
are average monthly values. However, it 
is known that daily temperature and hu
midity readings might differ significantly 
from these values due to changing 
weather conditions. Therefore, the H D „ M 
values indicated are to be considered as a 
rough approximation. From Table 3, it is 
also clearly seen that locations in lower 
latitudes usually have higher HD values. 

Therefore, great care should be taken 
when welding procedures qualified in 
cooler temperate zones by multinational 
construction companies are transferred to 
production welding in some tropical coun
tries. In Central or Northern Europe, for 
example, with a given E7018 electrode, 
the preheat temperature may be estab
lished for a given joint thickness in a given 
steel to avoid hydrogen-induced cracking. 
Such a suitable electrode was shown to 
giveHD = 3-4 mL/100gin the procedure 
qualification record. However, under con
ditions prevalent in Rio de Janeiro, the 
same electrode is likely to give the diffus
ible hydrogen content of HD = 5-5.5 
mL/100 g. There should be no surprise if 
cracking occurs and the noncompliance 
with preheat requirements need not be 
invoked. The same would apply to any 
naval repair welding carried out in tropical 
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