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present, for fillet welds carrying static loads 
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ABSTRACT. The effect of cluster porosity 
on the static shear strength of A514F steel 
was investigated on transverse fillet 
welds. Cluster porosity in amounts up to 
20% was introduced into the welds. Up 
to approximately 10%, the cluster porosi
ty had no effect on strength, but greater 
amounts caused a proportional reduction 
in strength. Linear discontinuities were 
often masked by the porosity in x-ray 
radiographs and were generally more 
deleterious than the porosity. 

Introduction 

Background 

A significant amount of research has 
been conducted on the static tensile 
properties of welded butt joints in struc
tural steel and aluminum. The most prev
alent research has made use of welds 
containing various discontinuities such as 
inadequate joint penetration and porosi
ty; however, little has been done to 
characterize the behavior of fillet welds. 
(The Appendix highlights the significant 
findings of the pertinent literature on 
welded butt joints and fillet welds.) 

Studies of welded butt joints are less 
complicated than those of fillet welds in 
that discontinuities can be isolated —that 
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is, located in a uniform stress field remote 
from other stress concentrators. An 
investigation of discontinuities in fillet 
welds requires careful specimen fabrica
tion and testing, because the fillet weld 
root is itself a severe stress concentrator. 
Both longitudinal and transverse fillet 
welds contain large stress concentrations, 
generally at the weld roots and toes. 

A finite element evaluation of the elas
tic stress field in an unflawed transverse 
fillet weld (Ref. 1) is shown in Fig. 1. Figure 
1 illustrates the stress distributions along 
the weld faces in a transverse fillet weld 
subjected to the applied loading shown 
in Fig. 2. The maximum and minimum 
stresses shown in Figs. 1 and 2 refer to 
the principal tensile and compressive 
stresses and have been drawn irrespec
tive of their directions. The maximum 
shear stress plane is inclined 22.5 deg to 
the loading direction (Fig. 1) and corre
sponds to the plane on which ductile 
failure would be expected to occur. 

Since stresses at the weld root are 
higher than those at the weld toe, the 
stress concentrations at the toe can be 
reduced somewhat by increasing the 
degree of weld concavity; this may be 
achieved by increasing the heat input 
during welding, using multiple pass welds 
or gas tungsten arc remelting in the weld 
toe area. Increasing the weld radius at the 
toe, however, would not be worthwhile, 
since the root stresses are more impor
tant. 

When clustered porosity is present in a 

fillet weld, the stress concentrations at 
the toe and the porosity interact to 
increase the stress concentration at the 
root. This is inferred from prior research 
conducted on welded butt joints contain
ing clustered porosity (Refs. 10, 13, 14, 
18, 19). Since porosity was found to 
significantly reduce ductility and to gradu
ally reduce strength when present in area 
fractions greater than approximately 5%, 
its effect on these same mechanical prop
erties in the nonuniform stress field of 
fillet welds was believed to be even more 
significant. The purpose of this investiga
tion was to quantify the degree to which 
this occurs. 

Objectives 

The objectives of this investigation 
were: 

1. To determine to what extent clus
tered porosity affects the static shear 
strength of transverse fillet welds. 

2. To determine whether deleterious 
amounts of clustered porosity can be 
detected by x-ray radiography. 

Since no known analytical technique 
was available to predict the fracture 
behavior of fillet welds containing clus
tered porosity, this investigation was 
intended to be solely an experimental 
evaluation. Analytical solutions are fur
ther complicated by the fact that the 
weld metal exhibits tremendous fracture 
toughness, a condition that leads to post-
yield fracture. 
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Fig. 1 —Elastic stress distributions in a transverse fillet weld Fig. 2 —Loading applied to a transverse fillet weld 

Experimental Approach 

A specimen typical of commonly used 
fillet (shear) welds but also providing ease 
in measuring the mechanical properties 
of interest was required. The specimen 
type chosen (Fig. 3) had four fillet welds: 
two multiple pass welds located opposite 
each other at one end and two single 
pass welds containing clustered porosity 
at the opposite end. 

A strain-gaged prototype specimen 
was pulled in tension to failure early in the 
test program to assess the specimen 
behavior. The strain gages indicated that 
no significant bending strains occurred, 
thus assuring that loading was transmitted 
in shear. 

The fillet weld specimens were careful

ly prepared to ensure that the weld 
contours met American Welding Society 
(AWS) specifications (Ref. 2). The 
materials used in fabricating the speci
mens were 3A in. (19.1 mm) thick ASTM 
A514F steel plate, and Vie in. (1.6 mm) 
diameter E110S solid wire welding elec
trode. The following welding conditions 
were used: voltage 30-32 volts (V), cur
rent 350 amperes (A), torch travel speed 
350 mm/min (13.8 ipm), preheat and 
interpass temperature 93°C (200°F), and 
98Ar-202 shielding gas. All welds were 
fabricated using the gas metal arc process 
and produced welds with properties sim
ilar to those discussed in the literature 
(Ref. 3). 

The specimens were fabricated from 
blanks oriented so that the rolling direc

tion was parallel to the loading axis. 
Clustered porosity was introduced into 
the single-pass test welds by momentarily 
interrupting the shielding gas, and the 
amount of porosity was controlled by the 
time of the interruption. The porosity 
clusters were carefully located in the 
welds. 

After fabrication, the specimen blanks 
were sawed into 101.6 mm (4 in.) wide 
specimens for testing. After fabrication 
and machining to the final dimensions 
shown in Fig. 3, each specimen was x-ray 
radiographed to ensure that the intended 
porosity clus:er(s) were present and 
properly located. Sample weld sections 
were polished and etched in order to 
measure hardness. Average Rockwell 
hardnesses (RC) of base metal, weld met-
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Fig. 3 — Dimensions of fillet weld specimens and blanks. SI conversion factor: I in. = 25.4 mm (or 2.54 cm) 
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al and heat-affected zone were 24.5, 
29.0 and 40.0 respectively. 

Prior to testing, the welds were also 
carefully examined and measured. The 
dimensions of the weld legs (ST and S2 in 
Fig. 4) were measured on etched sections 
of the weld; the leg sizes given in Table 1 
are averages of four readings. Table 1 
also contains the throat dimension (T) and 
the nominal throat dimensions (TN)-
T, which is the length of the perpendicu
lar from the weld root to the weld 
surface (see Fig. 4), was calculated from 
the leg sizes. Throat dimensions were 
measured using a fillet weld gauge. AH 
specimens examined met the AWS spec
ifications for fillet weld profiles. 

The specimens were identified with 
numbers having the form: 

FWmCP-n 
where FW = fillet weld; m = the serial 

number for specimens; CP = clustered 
porosity; n = the number of seconds the 
shielding gas was interrupted. 

The overall weldment quality was eval
uated using military specification MIL-R-
11468 (ORD) (Ref. 4) and the American 
Society of Mechanical Engineers (ASME) 
Boiler and Pressure Vessel Code (Ref. 5) 
for radiograph acceptance. 

The weld specimens were pulled in 
tension to failure in accordance with 
American Society for Testing and 
Materials (ASTM) Specification A370 (Ref. 
6). A 4.5 MN MTS electrohydraulic test 
machine was used to pull the specimens 
at 0.025 cm per minute (0.064 ipm). 

Results and Discussion 

Specimen Design 

The design of the specimen used in this 

investigation (Fig. 3) eliminated bending 
and resulted in only shear stresses being 
transmitted through the welds. This was 
verified experimentally in the early stages 
of the study. 

As seen in Figs. 1 and 2, the maximum 
stresses occur at the weld root. The 
stress magnitude decreases rapidly with 
distance from the root; consequently, 
any weld discontinuity will be affected by 
its location in the weld, and its effect on 
the weld's mechanical properties will 
depend on the strength of the interaction 
between the discontinuity and the root. 
Discontinuities in fillet welds can, there
fore, either drastically reduce mechanical 
properties, have no effect, or cause a 
slight improvement. 

Test Results 

The specimens w e r e pul led mono ton i -

Table 1—Fillet Weld Dimensions, mm 

Specimen number 

FW1CP-0 
FW2CP-0 

FW3CP-0 
FW1CP-1/4 
FW2CP-1/4 
FW1CP-1/2 
FW2CP-1/2 
FW1CP-1 
FW2CP-1 

FW1CP-2 
FW2CP-2 
FW1CP-3 
FW2CP-3 
FW1CP-4 
FW2CP-4 

Weld length, 

102.6 
102.9 

103.9 
100.6 
103.4 
103.6 
101.6 
98.8 

101.9 

101.1 
101.6 
101.6 
99.8 

102.4 
102.9 

Si, 

9.7 
9.7 

9.7 
9.7 

11.7 
9.7 

11.7 
9.7 

11.7 

11.7 
11.7 
10.9 
10.9 
11.7 
10.9 

s2, 
9.9 
9.9 

9.9 
9.99 

11.2 
9.9 

11.2 
9.9 

11.2 

12.2 
11.2 
10.4 
10.4 
12.2 
10.4 

T, 

6.9 
6.9 

6.9 
6.9 
8.1 
6.9 
8.1 
6.9 
8.1 

8.4 
8.4 
7.6 
7.6 
8.4 
7.6 

TN, 

6.9 
6.9 

6.9 
6.9 
6.9 
6.9 
6.9 
6.9 
6.9 

6.9 
6.9 
6.9 
6.9 
6.9 
6.9 

w, 
7.9 
9.9 

9.9 
9.9 
9.9 
7.9 
9.9 
8.6 
9.9 

9.9 
No failure 

9.9 
9.9 
9.9 
9.9 

Remarks on weld contour 
(single-pass) 

Slight convexity with sharp 
toe radii 

Flat contour with large toe 
radii 
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Table 2—Failure Loads and Shear 

Specimen 
number 

FW3CP-0 
FW2CP-0 
FW3CP-0 
FW1CP-1/4 
FW2CP-1/4 
FW1CP-1/2 
FW2CP-1/2 
FW1CP-1 
FW2CP-1 
FW1CP-2 
FW2CP-2 
FW1CP-3 
FW2CP-3 
FW1CP-4 
FW2CP-4 

Ultimate 
load, kN 

1116 
1374 
1268 
1312 
1428 
1161 
1415 
1352 
1330 
1566 
1659 
1072 
1076 
1561 
1116 

sT
a 

MPa 

793 
976 
891 
952 
850 
818 
856 
997 
803 
925 
976 
693 
707 
910 
712 

Strengths 

SN
a 

MPa 

793 
976 
891 
952 

1077 
818 

1014 
997 
952 

1125 
1192 
773 
786 

1112 
792 

Swa 

MPa 

691 
692 
633 
676 
716 
712 
721 
792 
676 
803 

-
547 
559 
790 
563 

FST
b 

3.70 
4.56 
4.29 
4.45 
3.97 
3.82 
4.00 
4.66 
3.75 
4.32 
4.56 
3.24 
3.30 
4.25 
3.33 

FS N
b 

3.70 
4.56 
4.29 
4.45 
4.71 
3.82 
4.74 
4.66 
4.48 
5.26 
5.57 
3.61 
3.67 
5.19 
3.33 

FSwb 

3.23 
3.23 
2.95 
3.16 
3.34 
3.33 
3.37 
3.70 
3.16 
3.75 

-
2.55 
2.61 
3.69 
2.63 

Radiogra phic 
acceptability 

(porosity 

A-1 c 

A-1 
A-1 
U-Alld 

A-1 
U-AII 
A-1 
U-AII 
U-AII 
U-AII 
U-AII 
U-AII 
U-AII 
U-AII 
U-AII 

only) 

Area enclosing 
porosity (fracture 

surface), cm2 

0.00 
0.00 
0.00 
0.13 
0.06 
0.58 
0.00 
1.68 
4.06 
1.42 

-
2.84 

-
-

3.55 

Porosity 
(fracture 

surface), % 

0.00 
0.00 
0.00 
0.66 
0.33 
2.92 
0.0 

9.83 
20.67 
7.27 

-
14.47 

-
-

17.87 

Porosity 
(radiograph), 

% 
0.0 
0.0 
0.0 
0.5 
0.3 
2.0 
0.0 
7.5 

12.0 
5.0 
8.0 

10.0 
7.0 

15.0 
12.0 

(a) ST, SN, and Sw are ultimate shear strengths on measured throat (T), nominal throat (TN). and measured fracture width (W). 
(b) FST, FSN. and FSW are the factors o f safety (Ret 12). 
(c) Acceptable in accordance wi th Standard I. MIL-R-1 M68 (ORD). 
(d) Unacceptable according to all standards. 

cally in tension to failure. During the 
testing, an autographic recording was 
made of the load and deformation 
responses. Serrations were observed 
prior to the maximum load point in the 
load deformation curve; these were 
believed to be caused by crack extension 
from the weld roots. The maximum loads 
were noted for each test and the lengths 
of the fracture paths on the sides of the 
specimens (W in Fig. 4) were measured. 
The stiffness of the specimens was 
approximately 6.6 MN/cm. 

The maximum shear strengths ST, SN, 
and Sw were calculated by dividing the 
maximum load by throat area, nominal 
throat area, and fracture area, respec
tively—Table 2. These areas were deter
mined by multiplying the total weld 
length (both sides) by the throat, nominal 
throat, and length of fracture path, 
respectively. 

ST and SN represent the shear strengths 
calculated by AWS D1.1 (Ref. 7) vs. those 
that occurred in the actual fracture sur
face (Sw)- The AWS allowable shear 
stress for bridges was employed instead 
of that for buildings, because the former 
are more stringent; the allowable shear 
stress in fillet welds for bridges is 0.27 Su 

while that for buildings is 0.30 Su (Su is the 
uniaxial tensile strength). 

The percent porosity on the fracture 
surface was calculated from the smallest 
rectangle that enclosed the pore cluster, 
except where scattered pores occurred; 
in such cases, the areas of the individual 
pores were summed. These measure
ments, as well as porosity amounts deter
mined directly from the radiographs, is 
shown in Table 2. In every instance, the 
percent porosity measured on the frac
ture surfaces exceeded the amounts 
shown in the radiographs. The nature of 
the porosity —that is, pore size and distri

bution, part of the MIL specification 
acceptance criteria —is compiled with the 
fracture surface data in Table 3. 

The shear strengths ST and Sw are 
plotted vs. percent clustered porosity on 
the fracture surface in Fig. 5. The pres
ence of cluster porosity up to about 10% 
had little effect on the shear strength of 
the weldments. Porosity amounts greater 
than 10%, which would cause rejection 
of the weld on the basis of military 
radiographic inspection criteria (Ref. 4), 
reduced strength in proportion to the 
porosity present, but the strength levels 
were still much greater than the AWS 
design strength levels (Ref. 7). The shear 
strengths based on fracture area Sw were 
about 20% less than those based on 
throat area. Shear strength data are given 
in Table 2. 

The scatter in the shear strength 
shown in Fig. 5 led to close examination 
of the fracture surfaces. This examination 
revealed that secondary linear discontin
uities, which were undetected by x-ray 
radiography, were present and had con
tributed to producing failures at lower 
loads. The data shown in Fig. 5 indicate 
which specimens failed due to porosity 
alone (solid symbols) and which speci
mens contained secondary discontinuities 
(open symbols). 

The cause of the linear, secondary 
discontinuities is unknown. Welded butt 
joints fabricated in the past using the 
same plate stock, welding equipment, 
and consumables did not exhibit these 
secondary discontinuities, even when 
cluster porosity was present. The detri
mental nature of these and their source 
warrants further research in this area. 

The tensile strength (Su) of the weld 
metal was assumed to be 793 MPa (the 
minimum specified for the base metal in 
handbooks), i.e., 115 ksi. According to 

AWS D1.1 (Ref. 7), the allowable shear 
stress for fillet welds (bridge construction) 
is 0.27 Su or 214 MPa (31 ksi) based on 
this value of Su. Figure 6 shows how the 
factor of safety varies with the percent of 
porosity on the fracture surface. These 
data (see Table 2) were obtained by 
taking the ratio of the measured shear 
strength, calculated for either the mea
sured throat or fracture path, to the 
design shear strength. 

The trends are the same as the data 
presented in Fig. 4. The factors of safety 
ranged from 3 to 4.5 for fillet welds 
containing up to 10% porosity, and imply 
that the design shear stress specified by 
the AWS (Ref. 7) for transverse fillet 
welds is overly conservative. However, it 
is recognized that transverse fillet weld 
strengths tend to be greater than those 
for longitudinal fillet welds — the basis for 
the AWS design specification. 

In complex weld joint configurations 
the loading directions cannot always be 
determined with certainty. For this reason 
the AWS specification provides a lower 
bound to weld strength and, indeed, may 
not be overly conservative in all applica
tions. In a similar sense, the porosity levels 
in these specimens were more severe 
than those accepted by MIL-R-11468 
(ORD) (Ref. 4). This indicates that radio-
graphic indications by themselves will not 
always predict the mechanical property 
characteristics of a weld. 

Previous research has shown that a 
decrease in ductility is the first indicator of 
the detrimental effects of porosity. The 
ductility of the fillet weld joints, as mea
sured by the deformation of the weld
ments to failure, was generally unaffect
ed by the presence of porosity as shown 
in Fig. 7. As shown in Fig. 7, the deforma
tions of the sound weld (no porosity) 
specimens were approximately 3.0 mm 
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(0.12 in.) on the average. The presence of 
clustered porosity in the welds caused a 
slight reduction in ductility to 2.5 mm or 
0.10 in. (on the average) over the range 
of porosity investigated. Thus, neither 
clustered porosity nor the secondary dis
continuities significantly affected the 
deformation to failure of the weldments. 
Apparently the presence of the crack-like 
fillet root was sufficiently severe to dom
inate the fracture process so that the 
ductility was already reduced to its low
est level (Ref. 1). 

Fracture Surface Examination 

The type and amount of weld discon
tinuities present on the fracture surface 
and x-ray radiographic inspection results 
are given in Table 3. The amount of 
porosity considered acceptable accord
ing to MIL-R-11468 (ORD) (Ref. 4) is 
based on the largest pore, its total 
enclosed length, average size, and aver
age distance between pores. 

Using these criteria, five of the 15 
specimens were rated acceptable. The 
ASME radiographic standard in the Boiler 
and Pressure Vessel Code (Ref. 6) is 
based on pore size distribution. The same 
five specimens, which were acceptable 
according to the military specification, 
also met ASME standards; the other spec
imens were rated unacceptable, because 
they exceeded the allowable pore area 
or distribution. 

The fracture surface shown in Fig. 8 
illustrates the type of fracture observed in 
many of the fillet weld specimens con
taining cluster porosity. In regions of 
sound weld metal, the fracture path was 
generally inclined at an angle (5 to 25 deg) 
from the tensile axis —a region where a 
tensile stress component was present 
and the fracture surface was smooth and 
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slightly curved. Close to the cluster 
porosity, the fracture surface had a 
coarse appearance. The fracture path 
originating from the porosity cluster var
ied unpredictably from one specimen to 
another. 

Secondary discontinuities were often 
present in the fillet weld fracture sur
faces. These generally occurred in the 
weld metal near the fusion line a short 
distance from the clustered porosity — 
Fig. 8. The secondary discontinuities were 
planar in nature and aligned perpendicu
lar to the loading axis. The flaws were 
small and oriented so that they were not 
detected by x-ray radiography; in some 
instances, they were large enough to be 
the controlling discontinuity as shown in 
Figs. 5 and 6. Figure 9 is a photograph of a 
fractured specimen having a weld rela
tively free of internal discontinuities, 

while Fig. 10 is a photograph showing an 
example of cluster porosity. 

Conclusions 
1. The results indicated that the design 

shear stress specified in the AWS Struc
tural Welding Code -Steel (D 1.1-82) for 
fillet welds is overly conservative. Factors 
of safety for sound fillet welds ranged 
from 3 to 4.5. 

2. Cluster porosity in amounts up to 
10% had no effect on shear strength. 
Clustered porosity levels greater than this 
reduced the shear strength in proportion 
to the amount present; in amounts up to 
20%, however, the strength still 
exceeded the design strength levels spec
ified in AWS D1.1. 

3. In some instances, secondary (pla
nar) discontinuities in the fillet welds 
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Fig. 7 — Deformation at fracture vs. percent cluster porosity on fracture 
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Fig. 8 — Typical fracture surface of transverse fillet welds containing 
cluster porosity; not all specimens exhibited planar flaws 
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Table 3—Description of Fracture Surfaces and Weld Discontinuiti 

Specimen 
number 

FW1CP-0 

FW2CP-0 

FW3CP-0 

FW1CP-1/4 

FW1CP-1/4 

FW1CP-1/2 

FW2CP-1/2 

FW1CP-1 

FW2CP-1 

FW1CP-2 

FW2CP-2 
FW1CP-3 

FW2CP-3 

FW1CP-4 

FW2CP-4 

Fracture surface'3' appearance 
(fracture angle with 

respect to plane) 

Smooth (15 deg) 
Flat, then shallow 
Smooth (7 deg) 
Smooth (11 deg) 
Flat or irregular 
Irregular, smooth 
Smooth (15 deg) 
irregular smooth 
Smooth (15 deg) 
Flat to smooth (16 deg) 
Smooth (6 to 15 deg) 
Flat, then shallow 
Smooth (20 deg) 
Irregular, smooth 
Smooth, excl. porosity (15 deg) 
Irregular, smooth 
Smooth, excl. porosity (17 deg) 
Flat, then irregular 
Irregular 
Smooth, excl. porosity (12 deg) 

— 
Flat, irregular 
Smooth, excl. porosity (23 deg) 
Smooth, excl. porosity 
Flat, LOF (13 deg) 
Irregular, LOF 
Smooth, excl. porosity (17 deg) 
Flat, then irregular 
Smooth, excl. porosity (20 deg) 

.04 cm 

0 

0 

0 

0 

0 

18 

0 

9 

16 

20 

— 

31 

16 

-

17 

es 

Pore 

.08 cm 

0 

0 

0 

0 

0 

3 

0 

27 

14 

9 

— 

10 

4 

-

12 

size distribution, diameter 
(fracture surface) 

.16 cm 

0 

0 

0 

3 

0 

5 

0 

14 

7 

13 

— 

2 

8 

-

14 

.30 cm 

0 

0 

0 

1 

1 

1 

0 

2 

1 

5 

— 

3 

6 

-

2 

.48 cm 

0 

0 

0 

0 

0 

0 

0 

1 

0 

1 

— 

1 

0 

-

1 

.64 cm 

0 

0 

0 

0 

0 

0 

0 

1 

1 

0 

— 

0 

0 

-

1 

Other discontinuities, 
location 

Planar discontinuities 
Linear 

None 
Planar discontinuities, 
Linear 
Planar discontinuities 

Planar discontinuities, 
Linear 
Planar discontinuities, 
Linear 

Planar discontinuities 

Planar discontinuities 
Planar discontinuities 
Linear 

None 

-
Planar discontinuities, 
Linear 
Large lack of fustion 
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(a) All discontinuties projected on weld longitudinal axis and the individual summed. 
(b) A — acceptable, U—unacceptable. 
(c) Radiographic inspection spec. MIL-R-11468 (ORD). Width of weld taken to be nominal weld size, i.e.. 0.% cm. A-l, II, or III denotes acceptable according to Standard I, II. or III, respectively. 

caused a reduction of strength below 
that seen in the specimens containing 
clustered porosity only. These secondary 
discontinuities were not detected by 
x-ray radiography. 

4. The ductility of the fillet welds was 
relatively unaffected by the presence of 
clustered porosity or secondary discon
tinuities. Apparently the weld root is a 
region of more severe stress concentra
tion than the clustered porosity. 

5. Radiographic indications by them

selves did not always correlate with the 
strengths measured in fillet weld speci
mens. Radiography, joint weld geometry, 
and the mechanical toughness properties 
must be known to predict the mechanical 
behavior accurately. 

Recommendations 

1. The safety factors of transverse fil
let welds should be reduced for static 
service applications by increasing the 

allowable desgn shear stresses. 
2. Radiographic inspection standards 

should be relaxed to allow greater poros
ity levels, when porosity alone is present, 
for fillet welds carrying static loads. 
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Fig. 9 — Failure of transverse fillet weld which is relatively free of internal 
discontinuities 

Fig. 10 — Example of cluster porosity and associated fracture surface 
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Appendix: Literature Review 

Welded Butt Joint Research 

In an extensive rev iew of the l i terature, 
Lundin (Ref. 8) and Pense and Stout (Ref. 
9) f ound that small amounts of scattered 
poros i ty had no inf luence on tensile 
strength. Similar research conduc ted by 
Lawrence and Munse (Ref. 10) s h o w e d 
that significant amounts of microporos i ty 
are o f ten present, wh ich w h e n comb ined 
w i t h visible macroporos i ty , s lowly de
crease strength and ducti l i ty. Green, 
Hamad, and McCauley (Ref. 11) investi
gated the effects of uni formly distr ibuted 
poros i ty on the tensile and impact p rop 
erties o f AIS11020 steel. Porosity levels up 
to 7% had no ef fect on tensile strength, 
but porosity levels greater than this 
reduced b o t h strength and ducti l i ty. 

Similar results w e r e no ted in studies by 
Bradley and McCauley (Ref. 12) and Law
rence, Radziminski, and Kruzic (Ref. 13) 
o n ASTM A517F steel welds. Both investi
gations no ted that a rapid decrease in 
we ldmen t ducti l i ty p receded any no
t iceable reduct ion in tensile strength. 

M o r e recently, Honig and Carlson (Ref. 
14) investigated the effects o f clustered 
poros i ty on the tensile proper t ies o f 
ASTM A514F but t welds. They a t tempted 
to use f racture mechanics t o describe the 

behavior but w e r e unable t o def ine a 
critical discontinuity size. Their results also 
s h o w e d a rapid decrease in ducti l i ty as 
the amount of porosi ty increased; little 
loss in strength was no ted . 

Fillet Weld Research 

The Amer ican Institute of Steel C o n 
struct ion (AISC) sponsored an investiga
t ion by Higgins and Preece (Ref. 15) o n 
the strength of fillet welds. The research 
was d i rected at obtain ing mechanical 
p roper ty data for sound (unf lawed) fillet 
welds fabr icated f r o m various combina
tions of steel base metals and w e l d met
als. For these welds, the min imum 
strengths exceeded the AlSC-specified 
design strength by a factor o f 3.8 fo r 
longitudinal fillet welds and 7.2 for trans
verse fillet welds. As a result, Higgins and 
Preece (Ref. 16) later r e c o m m e n d e d that 
the design stresses be increased, since 
the factors of safety w e r e grossly conser
vat ive. They specifically stated that the 
design stresses should be expressed as a 
f ract ion of the specif ied e lect rode (filler 
metal) tensile strength. The AISC code 
(Ref. 17) was revised to implement their 
recommendat ions. 
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