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PART II: INVESTIGATION 0 __;up_ ERFORMANCE OF WELDMENTS
AND PRIME PLATE OF ABS-B STEEL

ABSTRACT

The relative performance of G180 and E6010 ABS=B ship
plate weldments and prime plate was evaluated by the Explo-
sion Bulge Test. The prime plate loses its ability to develop
extensive deformation prior to fracture in the range of -60°
to =80°F; the G180 weldment develops a similar loss in the
range of +20°to O°F, and the E6010 weldment in the range of
+40° to 0°F. The effects of various types of defects, includ-
ing arc strikes, porosity, and partial penetration, were in-

vestigated. It is shown that in the service temperature range

of 20°F to 60°F only sharp, crack-like defects, such as devel-
oped by arc strikes, are sufficiently critical to eliminate
extensive plastic deformation of weldments prior to failure.
The effects of shot peening of ABS-B steel is demon-

strated to be detrimental with respect to the resistance of
this steel to initiation and propagation of brittle fractures.
Wrought iron considered as a possible material for crack ar-
restor straps is demonstrated to be less resistant to brittle

fracture than ABS-B steels.

INTRODUCTION
The RULES FOR BUILDING AND CLASSING STEEL VESSELS issued
by the American Bureau of Shipping specify the use of Class
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5. Comparison of the performance of E6010 and
G180 VV* butt weldments.
The performance of weldments was investigated by the Ex-
plosion Bulge method. The relative fracture resistance of
prime plate, shot peened plate, and wrought iron plate was

investigated by the drop-weight method.

MATERIAL

The material for Explosion Bulge tests of E6010 and G180
weldments and comparison prime plate was obtained from three
73-in. by 220-in. plates of l=in. thickness rolled from one
heat. Figure 1 illustrates the cutting procedures. The ori-
gin of the various weldments and prime plate specimens listed
in Table I may be deduced from the figure. The remaining ma-
terial was utilized for Direct Explosion tests to be reported
separately(l) e

The material for the partial penetration weld studiles
was obtained from a 3/4-in. thick plate rolled from a sepa-
rate heat. The material for the evaluation of shot peening
was taken from a 1l-in. plate also of a separate heat. Except
for the case of the three plates rolled from one heat, the
material was taken directly from plate stock of the Philadel-
phia Naval Shipyard. The wrought iron plate was obtained
from a commercial source. .

The chemical analyses of the various plates are listed

in Table II.

*E7016 type conforming to MIL SPEC. E 986A (Ships).
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1 PO

The performance of the G180 weldments was essentially
equivalent to that of the E6010 weldments at all temperatures
except possibly 40°F. It is noted that two G180 weldments de-
veloped 14¥ thickness reduction (four shots without failure)
at 40°F, while of four E6010 weldments only one equaled this
performance; two of the E6010 weldments failed at three shots
(8 and 9% T.R.) and one at two shots (5% T.R.).

The one shot (1% T.R.) failure of P34, G130, at 40°F is
explained by the nature of the failure shown in Figure 11,
which shows no relation to the weld. The presence of an ac-
cidental arc-strike at the source of fallure was responsible
for this anomalous behavior. Several sharp, small cracks may
be observed radiating from the arc strike which caused the in-
itiation of failure. The arc strike was present in the weld-
ment as received from Philadelphia Naval Shipyard and was not
noticed prior to testing, despite critical X-ray and visual
examination of all weldments on receipt at this Laboratory.
This is another excellent example of the critical nature of
minute, accidental imperfections when present on steel which
1s susceptible to brittle fracture at service temperatures.
Unless the notch toughness of the ship steels are improved to
an extent sufficient to develop insensitivity to the presence
of such accidental defects, the benefits expected from high
quality welds will not always be realized in service. This
fact is illustrated by the excellent performance of G180
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weldments at 4O°F in the absence of on-the-plate defects.

The typical fracture characteristics of G180 and E6010
weldments are illustrated in Figures 12. The chevron mark-
ings indicated that the initiation of fracture occurred in
the weld proper for the case of the E6010 weldments. In the
case of the G180 the site of fracture initiation could not be
established with certainty. 1In general the location indicated
by the chevron markings was at fusion line area but without
clear distinction as to weld or H.A.Z, side of this general
area.

It should not be concluded on the basls of these tests
that there is no advantage to the use of G180 low hydrogen
electrodes over the E6010 cellulosic type. These data are
specific to weldments prepared under laboratory conditions
and indicate that the two weldments made under such optimum
conditions are essentially equivalent. The low hydrogen elec-
trodes were develnped to mitigate fissuring and other crack-
like defects which are developed when welding is performed
with deviations from optimum conditions common to field use.
The known effectiveness of low hydrogen electrodes in this
respect commends their use, particularly when the steel to be
welded is sensitive to the presence of crack-~like defects (as

demonstrated) at temperatures of service use.






1.

2.

3.

=28-

REFERENCES

Mikhalapov, G. S., and Snelling, W. A. "Investigation of
Performance of Semikilled Carbon Steel ABS Class B and
Rimmed Steel ABS Class A under Direct Explosion Test,"
Final Report, Ship Structure Committee Report, Seria
No. 85¢-76 (£o be published).

Pellini, W. S, "Evaluation of the Significance of Charpy
Tests," A. S. T. M. Symposium on Metallic Materials at
Low Temperatures, Atlantic City, June 28--30, 1953. (To
be issued as a symposium booklet by the A. S. T. M.).

Pellini, W. S., and Eschbacher, E. W, "Ductility Transi-
tio§6of Weld Metal," THE WELDING JOURNAL, January 1954,
po =S,

Puzak, P. P., Eschbacher, E. W., and Pellini, W. S. "In-
itiation and Propagation of Brittle Fractures in Struc-
tural Steels," THE WELDING JOURNAL, December 1952, p. 561-s.

Pellini, W. 8., and Eschbacher, E. W. "Effects of Peening
Last Pass of Welds," THE WELDING JOURNAL, February 195%.

Puzak, P, P., Schuster, M. E., and Pellini, W, S. "Part I:
Crack-Starter Tests of Ship Fracture and Project Steels,"
Final Report, Ship Structure Committee Report, Serial No.
S5C-77, June 18, 1954,







	0001
	0002
	0003
	0004
	0005
	0006
	0007
	0008
	0009
	0010
	0011
	0012
	0013
	0014
	0015
	0016
	0017
	0018
	0019
	0020
	0021
	0022
	0023
	0024
	0025
	0026
	0027
	0028
	0029
	0030
	0031
	0032
	0033
	0034
	0035
	0036

