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Fig. 2— Test specimen produced by the cut and reweld method 

specimen surface and a n e w canti lever 
posi t ioned and w e l d e d to the specimen 
t o place the lamellar tears next t o the 
we ld t oe or nearer the w e l d midthick
ness, as desired. Figure 2 illustrates the 
technique used. 

The steel plate used for this p rogram 
was the same material chosen for the 
previous investigations, a 45 -mm (1.8-in.) 
thick plate of A572 Grade 50 w i th the 
compos i t ion and mechanical propert ies 
shown in Table 1. As be fo re , the plate 
was split, and the test welds w e r e depos

ited against the midthickness w h e r e sus
ceptibi l i ty t o lamellar tearing was f ound 
to be the most acute. 

Preparation of Test Specimens 

The initial phase o f the w o r k was to 
prepare a series of w e l d e d joints contain
ing bur ied lamellar tears that w o u l d range 
in size f r o m 2 -3 m m (0.08-0.12 in.) t o 
about 15 m m (0.6 in.) of the we ld height, 
using the p rocedure out l ined above . The 

Fig. 3 — Experimental setup for welding 

Table 1—Composition and Mechanical 
Properties of the A572 Grade 50 Steel 

Chemical Composition (%) 
C 0.18 Si 0.28 V 0.06 

Mn 1.32 Ni 0.10 Cu 0.13 
P 0.011 Cr0.13 Al 0.034 
S 0.025 Mo 0.04 

Mechanical Properties 

Yield strength, 
MPa (ksi) 

Tensile strength, 
MPa (ksi) 

% elongation in 51 
mm (2 in.) 

% reduction of area 

Longitu
dinal 

410 (59) 

620 (89) 

28.5 

50 

Thru-
Thick
ness 

377 (58) 

522 (76) 

-

6.6 

exper imental setup is s h o w n in Fig. 3. Gas 
metal arc we ld ing was p e r f o r m e d w i th a 
1.1-mm (0.043-in.) E70S-3 steel filler metal 
w i re at 300 A, 30 V , and 30 c m / m i n (12 
ipm) travel speed in argon-2% oxygen 
f l ow ing at 1.5 m 3 / h (50 cfh). Af ter t w o 
passes w e r e depos i ted, the we ld jo int 
was loaded to a level 10 -15% b e l o w the 
critical level. A f e w minutes after the th i rd 
pass, the load was increased steadily t o 
near the critical value, w h e r e u p o n a wai t 
per iod o f about one minute was 
observed b e t w e e n strokes of the loading 
jack whi le the acoustic emission was 
mon i to red . W h e n the emission d id not 
abate and the load recorder ev inced a 
telltale fall-off, the relief valve was 
abrupt ly opened . A n early open ing was 
required fo r small tearing and a delayed 
open ing (2 -3 seconds delay only) fo r 
mo re extensive tearing. 

A total o f 12 specimens w e r e p repared 
for the evaluat ion of ultrasonic test reli
ability. Mos t o f these w e r e processed by 
the cut -and- reweld m e t h o d to place the 
tearing beneath the w e l d toe , but t w o 
specimens received nine passes, w i th the 
tearing l imited to the b o t t o m three 
passes, and thus located near the roo t o f 
the w e l d . In f ive specimens, the reposi-
t ioned canti lever was doub le bevel led 
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Fig. 4—Specimen LTU2, comparing UT profile containing dB values with actual photograph of tested area 

and completely welded on both sides. 
A second set of 10 specimens with 

varying tear sizes was prepared for the 
mechanical tests. 

UT Calibration and Scanning 

For UT examination of the test speci
mens, a Krautkramer USM-2 instrument 
was available with both direct and angle 
probes. Most of the inspection was car
ried out on the back side of the T-joint 
with a 5-MHz, 6-mm (0.24-in.) diameter 
direct probe, and on the bottom side of 
the cantilever with a 70-deg probe, 
13 X 25 mm (0.5 X 1.0 in.). 

Calibration of the instrument was 
accomplished with an HW standard steel 
block. The 1.5-mm (0.06-in.) hole located 
15.3 mm (0.6 in.) from the edge of the 
block was used to set the sensitivity level 
of the instrument to a reflected pulse 
level of 40% of full scale, located at 6 
units on the horizontal (time) scale. The 
threshold level for recording indications 
produced by tears was arbitrarily select

ed at 10 dB below the calibration signal. 
The strength of the reflection from tears 
was then recorded in terms of the deci-
ble setting above calibration that resulted 
in the standard 40% full scale signal. 

To obtain a record of the lamellar 
tearing present in the specimen, a 6-mm 
(0.24-in.) spaced grid was scribed on the 
back side of the specimen opposite the 
weld. The rows of scribed squares were 
identified alphabetically and the columns 
of squares numerically. Scanning was per
formed down each column of squares, 
with readings taken on each scribe line 
and square center, thus every 3 mm (0.12 
in.). The intensity or magnitude of indica
tions in dB and their distance from the 
back surface were recorded at each stop 
of the scan. 

Specimen Sectioning 

As a means of confirming the UT 
indications of lamellar tearing, a series of 
the specimens were sectioned vertically 
through the weld joint, polished and 

lightly etched, and examined for the 
extent of tearing. The slices were cut 
through the middle of each column of the 
grid squares to correspond with the UT 
scanning paths. Photographs were taken 
at a magnification of 4 to record the 
results. 

UT Examination by Outside Inspectors 

With the kind cooperation of two 
outside companies, several specimens 
were inspected under industrial condi
tions by qualified inspectors. Both direct 
and angle probes were used, the latter 
applied to the weld side of the T-joint. 

Mechanical Tests 

For the bend tests, the repositioned 
cantilever beam 50 mm (2 in.) high and 75 
mm (3 in.) wide was welded to the 
specimen plate with a 45-deg double-V 
groove weld, but for the tension tests, 
the height of the beam was reduced to 
25 mm (1 in.), to lower the load required 
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Fig. 5 —Specimen LTU5, comparing UT profile containing dB values with actual photograph of tested area 

for producing failure. 
Vertical slices were removed from the 

75-mm wide welded sections with widths 
of 25 mm for testing. In some cases, the 
tearing was uniform enough along the 
weld to permit two test specimens to be 
removed for mechanical testing, but in 
others, the tears tapered off at the ends 
of the weld, so that only one specimen 
with uniform tearing was available at the 
middle portion of the weld. 

Results and Discussion 

Comparison of UT Indications 
with Cross-Sections 

Two methods were devised to display 
the results of UT inspection and of cross-

sectioning for direct comparison. In the 
first case, the UT data were plotted on a 
profile diagram that matched the photo
graphed area (at 4 diameters) of the slice 
removed at a given location. The position 
and intensity of the reflecting tear were 
shown as short bars, with accompanying 
dB values adjacent. Each rectangle repre
sents a slice, with the original specimen 
surface receiving the weld indexed at the 
left side of the rectangle. Immediately 
under each UT plot, a photograph of the 
matching slice was mounted for direct 
comparison. The second method was to 
map the extent of the tearing on a plan 
view of the specimen grid as obtained by 
(1) the UT indications and (2) the actual 
cross-sections. 

Representative profile sections of the 
welded joints that were scanned by UT 
and then sliced for photographs are 
shown in Figs. 4-7. Figure 4 represents an 
early test, LTU2, which contained tears 
up to 15 mm. Examination of the figure 
shows that the general depth and length 
of the tears were detected by UT, but 
there were sections in which tearing was 
underestimated. These areas typically 
showed discontinuous tears in a steplike 
configuration. The scan of LTU5 (Fig. 5) 
was somewhat more accurate. Specimen 
LTU6 (Fig. 6) was a more demanding test 
because it contained limited tearing with 
very little crack opening. Nevertheless, 
the UT indications matched the tearing 
well, including the detection of gaps 
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Fig. 6 —Specimen LTU6 (single weld), comparing UT profile containing dB values with actual photograph of tested area 

between torn regions. Only in Column 6 
of Fig. 6 did the UT scan miss the sharply 
angled tear portion. In Fig. 7, the UT scan 
of LTU10 picked up even smaller lamellar 
tears with good reliability. 

Specimen LTU9 produced no signifi
cant UT indications, but it was sectioned 
to confirm its soundness. The only symp
tom of tearing found in the slices, as 
shown in Fig. 8 at 40 diameters, was the 
scattered delamination of inclusions. 

The extent of lamellar tearing was 
mapped from the information obtained 
from UT scans and slicing to provide a 
second means of assessing how faithfully 
the UT results indicated the actual tearing 
areas. As shown in Fig. 9, the boundaries 

of tearing established by UT and by 
sectioning conform closely in the speci
mens that were examined. 

Examination by Outside Agencies 

The exercise in which outside agencies 
with qualified inspectors were asked to 
inspect specimens containing lamellar 
tears met with mixed results. This out
come was principally the consequence of 
welding difficulties that produced discon
tinuities in the weld metal. 

Specimen LTU10 was submitted for 
inspection by an ASNT certified inspec
tor, Level III. Scans were made on the 
back face of the specimen with a 25-mm 

(1-in.) diameter, 2.25-MHz straight beam 
transducer and with a 70-deg angle, 
15 X 19-mm (0.6 X 0.75-in.) probe from 
the cantilever beam surfaces. The indica
tions reported were identified as those 
from discontinuities located in the weld 
metal. Figure 7 shows the lamellar tears 
present in LTU10 as revealed by slicing. 
Apparently, the large diameter probe 
(25-mm, compared to the Lehigh 6-mm 
diameter probe) produced signals from 
the weld metal discontinuities that over
shadowed those of the tears. 

Specimen LTU13 was inspected at the 
Krautkramer Branson Co. in Lewistown, 
Pa., by the immersion technique with a 
focussed 10-MHz, 9-mm (0.35-in.) 
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Fig. 7—Specimen LTU10 (cut and reweld), comparing UT profile containing dB values with actual photograph of tested area 

Table 2—Results of Tension and Bend Tests on 

Tension Tests 

Specimen 

LTU15-1 
LTU15-2 
LTU16 
LTU17 
LTU18 
LTU19-1 
LTU19-2 

Bend Tests 

LTU7-1 
LTU7-2 
LTU8-1 
LTU8-2 
LTU11-1 
LTU11-2 
LTU20-1 
LTU20-2 
LTU21-1 
LTU21-2 

Area of Tear 

by UT 

240 mm 
240 
160 
84 
84 

no tears 

by 
x-section 

2 240 mm2 

195 
150 

-
105 

introduced 
no tears introduced 

320 
320 
195 
195 
400 
355 
225 
245 
no tears 
no tears 

_ 
-
-
-
400 
335 
230 
260 

introduced 
introduced 

Max. Load 
kips 

39 
47 
40.5 
67.5 
57 
68 
62.5 

6.6 
4.3 
9.8 
9.3 
5.4 
5.3 
8.7 
9.9 

11 
10.6 

Welded T-Joints 

Max. 
MPa 

270 
325 
280 
465 
395 
470 
500 

Avg. 

270 
180 
410 
380 
220 
215 
360 
415 
455 
440 

Stress 
(ksi) 

(39) 
(47) 
(40.5) 
(67.5) 
(57) 
(68) 
(72) 

Stress 

(39) 
(26) 
(59) 
(55) 
(32) 
(31) 
(52) 
(60) 
(66) 
(65) 

Failure 
Deflection 

10 mm 

— 
7 

11 
9 
9 
9 

11 
16 
17 
11 

— 
18 
6 
7 

20 
25 

Notes 

All tension tests 
had cross-
sections of 
645 mm2 

(1 X 1 in.) 

LTU19-2 was 22 
mm wide 

All bend tests 
were 25 mm 
wide, 51 mm 
deep 

straight probe. As demonstrated by Fig. 
10, in this case the scan obtained at 
Lehigh agrees well with the immersion 
scan. 

Mechanical Test Results 

The data obtained from the bend and 
tension tests are listed in Table 2. Calcula
tion of maximum fiber stress in the bend 
specimens was not possible, since the 
weld area exhibited plastic deformation 
prior to development of the maximum 

Fig. 8 - Delamination in a specimen that 
showed no significant UT indications. Nital 
etch, 40 diameters 
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Fig. 10—A —Actual immersion scan record; B — Comparison of mapping of lamellar tears by manual contact probe and by mechanical immersion 
scan 

load. Instead, the effect of the lamellar 
tear was gaged by comparing the failure 
loads to that developed by a tear-free 
bend specimen. 

With the data of Table 2, the depen
dence of the failure stress on the fraction
al area of the buried lamellar tear can be 
shown more graphically by the plot in Fig. 
11. A common band of values is exhib
ited by the bend tests and the tension 
tests. The encouraging feature of these 
results is the indication that the size of the 
buried tear attains a dimension readily 

detected by UT examination before the 
strength of the joint falls more than 15% 
below the specified tensile strength. 

Summary of the Results 

The objective of this study was to 
determine whether ultrasonic examina
tion is capable of detecting lamellar tear
ing that is large enough to affect signifi
cantly the mechanical properties of a 
welded T-joint. The results obtained may 
be summarized as follows: 

1. The mapping of lamellar tears by 
UT straight-probe scanning was found to 
conform to the actual tearing area deter
mined by slicing up the welded joint 
within less than 2-mm (0.08-in.) variance 
of the boundaries. The use of a 70-deg 
angle probe was not adequately devel
oped in this limited study. 

2. The principal factor interfering with 
the UT detection of tearing is the zig-zag 
path and discontinuous cracking that are 
characteristic of lamellar tearing and lead 
to scattering of the ultrasonic beam. 
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There are more sophisticated techniques 
now in use capable of sizing irregular 
cracks, such as stress-corrosion cracking, 
that could be applied to lamellar tearing 
detection — for example, pulse arrival 
time and multipulse observation sizing 
techniques. 

3. Since lamellar tearing will form inter
mittently or continuously along the weld 
axis, the critical dimension of the tear to 
be detected is normal to the weld axis. It 
appears possible to detect tears which 
exceed 3 mm (0.12 in.) in this latter 
dimension. When the tearing is this limit
ed, it is unlikely to be continuous and can 
be expected to exert an influence equiv
alent to its fractional length. Thus, it is 
suggested that UT examination is capable 
of detecting the minimum extent of tear
ing that would affect the joint mechanical 
properties significantly. 

4. Bend and tension tests on T-joints 

containing lamellar tears indicated that 
tearing in the weld toe region reduces 
static strength proportionate to the sup
port section area that it intercepts. 
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Two additional Technical Position Documents that Supplement WRC Bulletin 300, December 1984, have 
been published under the direct ion of the Technical Commit tee on Piping Systems of the Welding 
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Technical Position on Piping System Installation Tolerances 
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This document, prepared by the Task Group on Industry Practice, provides tolerances on the as-built 
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This document, prepared by the Task Group on Damping Values, is an extension of the "Technical 
Position on Damping Values for Piping—Inter im Summary Report ," appearing in WRC Bulletin 300. 
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PVRC Centrifugal Pump-Piping Interaction Experience Survey 
By J. R. Payne 

Over 100 questionnaires asking about field experience, design standards, and att i tudes on the effect 
of pipe reactions on centrifugal pumps were received f rom the power and process industries. This 
survey, which was prompted by industry inquiries, examines the experience and needs of piping and 
pump system designers, manufacturers, and operators. It was designed to help the Pressure Vessel 
Research Commit tee (PVRC) determine whether a significant pump-piping interaction problem exists 
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payment to the Welding Research Council, Suite 1301, 345 E. 47th St., New York, NY 10017. 
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