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PAPER 

A ..TEST ON METALLIC-ARC WELDED FLANGES, BENDS 

AND TEES OF A 6-INCH STEAM MAIN. 

By H. E. Grove. 

In considering the design of a system of steam, hydraulic 
power, oil, water and other mains required in connection 
with large-plant extensions at the Metropolitan Gas Com-
pany's. West Melbourne works, it was realised that there were 
little data extant on arc-welded pipe lines, especially those 
conveying live steam, so opportunity was taken to conduct 
a full-sized test to obtain some idea of the strength that may 
be expected from a number of arc-welded pieces bolted to- 
'gether. 	• 

The test was made on 6-inch steäm piping, because, in 
the pipe system referred to, there is a run of 500 feet of 
6-inch steam pipe to be provided to link up two boiler rooms 
and to supply steam to a number of individual units. 	In- 
cluded in the line will be a number of bends, tees, expansion 
pieces and other fittings, and it was decided to make a test 
piece consisting of two straight pipes, two bends and one tee 
piece, all with welded-on flanges. The pipe used was the 
ordinary lap welded 'red" steam pipe, and this was cut up, 
by means of the oxy-flame, to the shapes required to make 
the bends and tees, which were afterward arc-welded to-
gether with a special "Quasi-Arc" boiler electrode. The welds 
of this special boiler electrode may, if desired, be hot-forged 
with ease, and show no deterioration after such treatment. 
The flanges were oxy-cut from solid plate 7/8 in. thick. 

One tee, two bends and two lengths of straight pipe were 
bolted up with rubber packing to form a U shape. 	This 
was then subjected without failure or sign of strain to 
an internal hydraulic pressure of i5oo lb. per sq. in. 	The 
flanges were rough' boiler plate, and the bolts stretched; con- 
sequently the joint leaked at this stage. 	Fresh packings 
were inserted, and the pressure was brought up to 1200 lb. 
per sq. in. In addition to this the two legs were forced apart 
with a. s-in. bore hydraulic ram, whose centre line . was placed 
63. 9/16 in. from the centre line of the tee as indicated in the 
sketch. The pressure of '3o0 lb. per sq. in. exerted produced 
à flexural stress in the metal of . the tee of 12.63 tons per sq. 
in The circumferential stress due to '1200 db. internal pres-
sure was 5.8 tons per sq.. in. The welded joints were all 
hammered while the maximum pressures were being main-
tained. 
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The pipe was required for a main carrying. saturated 
steam at 160 lb. pressure. It showed no undue strain at 
7i times this pressure, and simultaneously with flexural 
stresses verging on the elastic limit. 	The stresses in the 
bend due to the peculiarities of their shape are incalculable, 
but probably exceeded the above figures, yet no failure oc-
curred. 

The bend was made by oxy-cutting the sections from the 
straight pipe, and slightly coning, inwards at one end and 
outwards at the other end, by beating cold with a hammer;  
giving the fillet-welded joints indicated in the diagram. Only 
one very slight weep was discovered, and this was found to 
be at the lap weld of the pipe which was slightly damaged 
by the coning. This was caulked with a hammer. Table I 
shows the deflection at the end flanges near the hydraulic 
jack. 

Table 1. 

Internal 	Jack 	Circumferential 
Fressure. 	Pressure. 	Stress. 

Flexural 
Stress. 

Deflection. 

1500 
Tons per sq. in. Tons per sq. in. in. 

1000 200 .. 	4.83 8.42 	.. 2.00 
1000 .. 	250 .. 	4.83 	.. 10.53 	.. 3.51 
1000 300 .. 	4.83 	.. 12.63 	.. 4.56 

Hammered while under these stresses (No fault). 
1000 .. 	300 4.83 ]2.63 5.16 
1000 .. 	— .. 	4.83 - 2.22 

Permanent 
set .. 2:06 

Jointing 
1200 300 .. 	5.80 12.63 	.. blew 

Permanent 
set — 2.125 

The permanent set of the flanges at the outer ends of the 
two straight pieces was 3/8 in., and, after dismantling, the 
three blank flanges were found to have a dish of 3/8 in. 

The PRESIDENT moved a hearty vote of thanks -to. Mr. 
Grove. The lecturer had, as on a number of previous occa-
sions, given valuable first-hand information on electrical and 
oxy-acetylene welding. 	Electrical welding was somewhat 
better known now than it was a few years ago. 	Oxy- 
acetylene welding was developed before electric welding, but 
it was discountenanced to a certain extent on account of the 
operators who did the welding. But if propel-1ÿ done he be-
lieved it was almost comparable with electric welding. Even 
in the case of electric welding the result that was expected 
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was sometimes not achieved. The thanks of the Institute 
were due to Mr. Grove for giving, of his unique store of know-
ledge. 

Mr. R. J. BENNIE supported the motion. He had been 
actively interested in the progress of many of the experiments 
in new lines of development in welding which were being 
adapted. He hoped next year they would be able to place 
before the Institute quite a number of interesting new de- 
velopments in welding construction on a big scale. 	The 
object of that particular test was to assure themselves and 
others of the safety of a welded steel main for the pressure 
of 16o lbs. to the square inch, and they had subjected them 
to an internal pressure 7i  times as great as they would have 
to stand in practice, and at the same time they had placed 
upon them a bending stress which was practically that of 
the elastic limit. They had strained it in flexure in a man-
ner it was not likely to encounter when properly erected. 
The result of the test was most illuminating, and assured 
them that, given good welding, there was ample security. 
Mr. Grove wished to emphasise the point that the "boiler 
electrode used was not that generally used in structural work, 
and would not meet with the high temperature rises it was 
capable of being subjected to. It was an electrode which 
gave a particularly, ductile weld. 

Mr. Wr'r. CHAS. ROWE said he appreciated very much the 
practical character of the test. Many engineers appeared 
to feel that they could hardly trust themselves to electric 
welding yet, but tests such as Mr. Grove had carried out 
would help to remove that, because it was a very seyere test. 
The workmanship was undoubtedly fine. 

Mr.. W. R. POLLOCK said he thought that in the case of 
welding the greatest factor was the human element. Much 
depended upon the man and the supervision. 

Mr. H. E. GROVE, in reply, said the flanges had stood up 
to the test just as well as the rest of the pipe. There was 
not the slightest sign of failure anywhere. But they did not 
intend to put flanges on the main. The weakness of the 
flange joints was noticed because the flange stretched. The 
specimen under test was stressed 12 times, so that it had. a 
very severe test. 
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