





For the majority of the loading conditions which
control the design, the stresses are in two planes
only, eliminating five of the nine terms in this formula
with a concurrent pair of ferms such as +ex and
+c, the —ozo, term becomes additive. The large
contribution of shear to the resultant stress should
also be noted in this formula. Had the principal
stress theory been used, the calculated ecritical
stresses would have been somewhat smaller.

Stress Analysis

In order to demonstrate the approach used in
designing the stub weldments, an analysis for part
of the weldment at panel point $2 is shown in Fig.
22, FElement “K,” one critical point in a section,
Section 4-4, is analyzed for the stress calculated
from a set of concurrent loads. Referring to Fig.
22, using the area and the moment of inertia of the
trial section, the transverse and normal components
of the stress in members S,U; and 8,1, are applad
to the section to obtain the unit shear stress and
the varying unit stress diagram of tension and com-
pression.. Various points in the trial sections are
then analyzed for maximum stress. Such an analy-
sis is outlined here, where the shear and compression
contributed by S,U; and S.L, combine with the
tension in Sg3; to give a combined stress of 20,000
psi, based on the previously described octahedral
stress formula.

Welding Procedure

General

The project specifications required that all pro-
visions of the American Welding Society Specifi-
cations for Welded Highway and Railway Bridges be
observed, including qualification of welding pro-
cedures and welders where the welding procedure
departed from the standard. It was necessary to
make special procedure tests for certain connections,
such as the one utilizing a machined junction piece
to join intersecting plates—Fig. 20 (¢). As a proto-
type for the qualification test, a test weldment com-
posed of a machined junction pilece and short
lengths of plate was used. Esxamination of the
test weldment was made by both the ultrasonic
method, as a control on this manner of testing, and
visually on polished and macroetched transverse
sections, The effectiveness of the one-sided hutt-
joint design shown in Fig. 20 (g), (h) and (j) was
evaluated by the fabrication of a qualification pro-
cedure weld which was examined in the same man-
ner.

Qualification tests were made for the uncon-
ventional groove joints such as the one sided welds
shown in Fig. 20 (h}, using both the manual and
semiautomatic submerged-arc welding processes.
Each weld was made in duplicate—one unpreheated,
the other preheated to 250° F—and were cut to
obtain 0.505<in. diamn all-weld-metal specimens and
Charpy V-notch specimens for testing of unaffected
base metal, of base metal in the heat-affected zone
and of weld metal. The Charpy specitmens were
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tested at various levels between room temperature
and — 10° F.

A procedure gualification test was made to evalu-
ate the suitability of the use of the special nickel-
base electrodes intended for field connections since
there i3 no specification for their use. The purpose
of this test was to verify that the strength and
ductiiity were not impaired by the peening opera-
tion. At the same time these tests provided an
opportunity for qualifying welders and instructing
in the proper use of the peening gage. This strain
measurement gage was previously described in the
description of the clevise weldment. Additional
tests were made in accordance with AWS Specifi-
cations to prove the shear resistance of these con-
nections,

Stress Relief

All weldments were furnace stress relieved after
fabrication and ultrasonic testing of welds were
completed. Except for the previously described
peened high-nickel welds and for four repair welds,
no other welding was performed after stress relieving.

A special test was made fo determine the lowest
temperature-time combination for A-373 sfeel at
which the yield strength is depressed to not more
than 5000 psi. This test showed that 1100° F
for 3 hr per in. of thickness satisfied the above re-
quirement. When the weldments were placed in
the heat-treafing furnace, all legs were suitably
braced and propped to prevent distortion. Thermo-
couples were attached to the thinnest and thickest
members to permit heat comnfrol and avoid the
development of temperature differentials in excess of
150° ¥ between pieces of different thickness; maxi-
mum heating and cooling rates were maintained at
200° F per hr unless reduced by those temperature
differential requirements. The weldments were
removed from the furnace at 600° F¥. Heating
rate, holding time and cooling rate were controlled
by use of multipoint conirol instruments.

After completion of stress relieving, the weld-
ments were retested ultrasonically. Machining was
then performed on any surface requiring this opera-
tion, such as on large flat bases of pickaback weld-
ments.

Inspection Prior to Fabrication

Tnspection prior to welding utilized ultrasenic
testing to check the plate material for laminations
at those areas where tension was to be transmitted
across plate. Areas indicated by this fest to be
nonhomogeneous were outlined on the plates by
colored markers. Unless these defects fell within
areas of the plate which were to be scrapped, the
entire plate was rejected.

Flame-cut plate edges were inspected visually for
laminations. When warranted, dye-penetrant tests
were made to verify visual indings.

Assemblies tacked for welding were inspected for
compliance in regard to the details of the joint
design, over-all dimensions and the cleanliness of
the joint faces.



Inspection During Fabrication

Welding currents for both semiautomatic and
manual welding were get to the qualification test
values, using portable clamp-on type ammeters.
Tolerances for all operations involved in the fabri-
cation of these weldments were standardized.

Inspection was concerned with insuring uniform
and correct thicknesses of weld passes in manual
welding and uniform rates of progression in semi-
automatic welding, with avoiding undercutting,
with the application of full thickness of backing
passes and with attaining the proper contour and
gpecified dimensions of all welds.

All heavy joints were preheated to at least hand
warm prior to the deposition of the first root pass.
In double-vee joints the root pass was gouged out
and inspected visually for complete removal of the
unfused metal. When effectiveness of the gouging
operation was questioned, dye-penetrant tests were
made to ascertain the soundness of the root.

Low-hydrogen electrodes were taken in smeall
quantities from heating ovens where they were kept
at 400° F. Similar precautions were taken with
Aux used in the semjautomatic welding.
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Fig. 22—Stress analysis

Inspection of Completed Weldments

All welds were examined by either radiographic
or ulirasonic tests. All the butt-welded 30 in.
WE beams of the roof leaf ribs were examined radio-
graphically. The welds of the space frame weld-
ments, most of which are cornplex, do not lend them-
selves to radiographic inspection, however, since in
most cases the radiographs would have to be inter-
preted for passing through two or more separate
welds and through a material of varying thickness.
On the other hand, the ultrasonic method, after
appropriate calibration for use in complex welds,
permits instant discovery of a local change in char-
acter of a weld, indicating a flaw in that area. The
areas indicated to be deflective were examined
more closely by visual inspection, dye penetrant,
magnetic particle or radiography. It is to be noted
that in ultrasonic testing, only those discontinuities
in the material lying in a plane perpendicular or near
perpendicular to the path of the ultrasonic beam
produce a signal on the viewing screem, regardless
of whether the discontinuity is a crack less than a
thousandth of an inch or a small slag inclusion only a
few thousandths of an inch thick. Accordingly, the
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effectiveness of the testing method depends primarily
on the beam orientation. The frequency of the
ultrasonic beam determines its ability to penetrate
the desired thickness of material and to overcome
the obstactes of large grain size.

During uitrasonic testing, the transducer head is
moved in a back and forth sweeping motion. In
preparation for testing, the surface on the main
materials to be traversed by the head was smoothed
by use of a sander and covered by a film of oil.
The rate of progression of testing averaged 18 ipm.
Isolated defects in the material were identified by
small, momentary signals. They were either exam-
ined further or were considered as negligible in much
the same manner as would have been indications
of such defects appearing on radiographs.

In all the welding operations, only four welds
had to be removed and rewelded because of cracks
occurring in the main material adjacent to the weld.
These cracks did not appear to have been caused by
any geometric configuration of weldment framing.

The four defects occurred in two completed and
inspected weldments which had been moved to an
unheated area awaiting transfer to the heat-treating
plant. During a storage period of two days there
was a sharp temperature drop. In one weldment
two cracks-——each over 12 in. long—developed in
the base metal, and these were attributed to thermal
stresses. As disclosed by a macrograph of a trans-
verse section removed from its mid-length, each crack
had originated from a flaw consisting of a fold in the
base metal which was sufficlently fused to remain
undetected by ultrasonic inspection. Propagation
of the cracks was of a brittle fracture nature.

The two defects in the other weldment were
internal cracks over 12 in. long. These were de-
tected during the reapplication of ultrasonic testing
following stress relieving. However, it was not
determined whether they developed in the period
between the application of the first ultrasonic test
and the transfer to the heat-treating plant or during
the heat-treating operation.

In repairing the four cracks, the defective area was
removed by arc-air gouging and grinding. The
completeness of crack removal was checked by dye-
penetrant testing. The repair welding utilized
the usual methods of interpass temperature control.
Block sequence welding was used to prevent
cracking. The two stress-relieved weldments were
not restress relieved, since the location of the re-
paired areas was not regarded as critical.

Qther Tests

In addition to ultrasonic testing, several other
tests mot specified by the AWS Specifications were
made. One dealt with the calibration of the ultra-
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sonic apparatus for indicating flaws occurring in
acute angle, full penetration tee welds.

A test of two 75-ft long rib sections verified that
the residual stresses resulting from the welding
did not affect the rib geometry under the design
loading and that stress relief heat treatment could
be omitted for the 30-in. WF arch ribs shop splices.
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