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ABSTRACT: The article describes the beginnings of welding technology in steel constructions in the 1920s and
presents its technological, legal and economic conditions. Developments in Germany will be presented, and
compared with those of other countries.

OBSTACLES WITH THE INTRODUCTION OF ARC WELDING
The head start of oxyacetylene welding
In the manufacture of machines and containers, welding technology was already in use in the form of oxyacetylene welding in the years before the First World War, several Years before the first application on steel
buildings. Through the joining of sheet metal with a thickness of only a few millimeters, which was only subjected to minimal stress, suitable results could be achieved through oxyacetylene welding. However, the use
of this technique resulted in relatively large heat affected zones creating high internal stresses and deformations. At the same time the strength of the weld seam was considerably less than the strength of the sheets
themselves.
Therefore oxyacetylene welding was barely suitable for steel constructions, which were exposed to higher
amounts of stress. This was the case in particular for the joining of thick metal sheets edge to edge, which was
often required in steel constructions, such as at the seams of an I-beam. Arc welding, on the other hand, provided much better results. Inventors such as Bernados, Zerener, and Slawianow conducted promising experiments on the use of electric arc welding in the 1890s. At the same time, however, there were still many obstacles with its implementation. One large problem was producing a sufficiently high, but adjustable current.
The German electrical industry, mainly the Allgemeine-Elektrizitäts-Gesellschaft (AEG), and the SiemensSchuckert-Werke, brought suitable welding sets on the market for the first time in 1917; yet to acquire these
was relatively costly up to the middle of the 1920s. Therefore one was often forced to use the voltage from the
public mains for arc welding up to then. With the help of simple series resistors the mains voltage was reduced
down to around 20 V. At the same time, the power source had to be sufficiently large to provide the high currents needed in arc welding. Lowering the voltage, however, was very inefficient, and through the intermittent
surges on the power mains other electricity loads were often affected. Another drawback of this method was
that an acceptable welding seam could only be produced when a DC source was available, which was
rarely the case.
The strong competition of oxyacetylene welding was also detrimental to the adoption of arc welding. The
Deutsche Acetylenverein, established in 1898, and the Verband für Autogene Metallbearbeitung (Association
for oxyacetylene welding) established in 1909, strongly advocated the use of oxyacetylene welding at industrial trade shows and in contemporary literature, and encouraged intercommunication in this field.
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It was only far later that similar trade associations developed for the use of arc welding. In Berlin the Werbeausschuss für Elektroschweißung (advertising group for electrical welding) was created in 1929, a predecessor of the Deutsche Gesellschaft für Elektroschweißung (German association for electrical welding), which
played a very active role in the 1930s. It was only in this time that the different lobbys of gas and electric welding started to cooperate, eventually combining their efforts to found the Deutscher Verband für Schweißtechnik (German association for welding technology) in 1947.
First application of electric arc welding: restoration of war ships
Important first steps in the application of arc welding were made in the last 2 years of the First World War with
the repair of warships, and submarines (Strelow 1929). These took place mainly in the USA, and Sweden. Besides the necessary repairs on War machinery, an important factor was the changeover of ship engines from
coal to oil. The riveted oil containers were often prone to leaks. Arc welding was subsequently tried as a
method of sealing the containers. Many setbacks were encountered, however, as the welded material had
problems adhering to the oil-covered seams.
FIRST ATTEMPTS AND EARLY EXAMPLES OF THE USE OF WELDED BUILDING CONSTRUCTIONS IN GERMANY
Hans Neese and August Hilpert: Attempts on welded lattice towers
In steel constructions, Germany's modest attempts with the application of arc welding were also made in the
years after the First World War (Schimpke 1922, Meller 1925). However, knowledge gained through the development in the Marine sector could only be used in the public sector to a certain degree, as the civilian technical community had been largely excluded from it. Another important reason for the application of welding
technology in the construction industry was the reduction of material costs. After the disastrous outcome of the
war, and the loss of the Rhine Provinces with their highly developed coal and steel industries, steel was a rare,
and expensive material in Germany at this time.
The first attempts with arc welding in the German building industry are poorly recorded. As with the military, private companies had little or no interest in publicising their knowledge and experience in trade magazines. In
contrast to oxyacetylene welding, arc welding was seen almost as a „secret science“ in the first years of its
use.
Hans Neese was one of the first people in Germany who concentrated on arc welding in a larger, scientific
context, and presented his findings in various publications and lectures to an interested technical public. He
had already begun setting up a welding division at the Gutehoffnungshütte in Oberhausen-Sterkrade (Ruhr
area) during the First World War. In several experiments he occupied himself with the optimal composition of
welding rods, the right choice in amperage, and other parameters of arc welding (Neese 1922). In the beginning of the 1920s he constructed steel lattice masts and girders for the first time using the arc welding technique (Neese 1924). Even though their dimensions were quite small, and these masts and girders were not used
in practice yet, these were the first promising beginnings. In 1926 he became the director of the newly
founded institute for welding technology at the Technischen Hochschule Braunschweig.
Other public institutions soon followed suit, with people creating research institutes for welding technologies,
such as Paul Schimpke at the Staatliche Akademie für Technik in Chemnitz in 1922, and Oskar Wundram at the
Technische Staatslehranstalt in Hamburg in 1924. Also of central importance for the introduction of welding in
steel constructions were the testing grounds of the Technischen Hochschule Berlin. Under the leadership of August Hilpert lattice masts of 6 and 12 meters height were constructed on these testing grounds. These were
constructed using traditional riveted techniques, but also using the new welding technologies (Hilpert 1927
and Hilpert; Bondy 1929). The riveted structures were pieced together using angle steel, while the welded
masts were constructed of steel tubes. All tests yielded the same results: even though they weighed less, the
welded structures could bear more load (Fig. 1).
The high material costs of steel tubes as an obstacle
Many engineers at the time believed that most open steel profiles with their insufficient buckling strength could
be replaced by steel tubes, which provided better conditions for buckling behaviour. At last a method had
been found, with which steel tubes could easily be joined.
Good experiences had already been gained using steel frames, created through the welding of steel tubes, in
aeroplane productions, such as Junkers and Fokker, during the First World War. Welding technology was also
successfully introduced in pipeline construction as early as the 1920s.
The profiles used in these constructions were quite small, with thin outer walls. However, all of these examples
were constructed using oxyacetylene welding, not arc welding. A usage of these technologies on larger steel
constructions was rarely possible. In addition to this, steel tubes were substantially more expensive than open
profiles made from rolled steel. Therefore, welded steel tube constructions were several times more expensive
than conventional riveted steel frame constructions. This impeded their usage in the steel construction industry
for several years (Fig. 2).
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Figure 1: Lattice masts with a height of 6 m (left) and 12 m (centre), load tests in Berlin; (Bondy 1930, plate 58)

Figure 2: Welded lattice girder made out of steel tubes; (Bung 1928, pp. 1108, 1109)

Figure 3: Construction details in the 1920s; (left: Neese 1922, p. 34, right: Schimpke; Horn, 1926, pp. 124, 125)
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Only where relatively small loads had to be carried, welded steel tube structures find usage in the building sector. A typical example therefore is the 10 m high diving platform, shown at the German building exhibition in
Berlin in 1931(Bondy 1931). Seamless steel tubes with a diameter of 4 inch (102mm), and a thickness of 3,75 mm
were used in this case. Just as it was the case with the pipelines, and aeroplane constructions, these tubes
were joined using oxyacetylene welding.
Lattice Towers from L and T Profiles
When building lattice towers, the cheaper T profile and angle steels were still being used. Even though these
old profiles were being used, there were various efforts to economically introduce Arc Welding. The Swiss electrical company Brown, Boveri & Cie. (BBC), from which today’s Asea Brown Boveri (ABB) evolved, welded steel
pylons of varying sizes at their location in Mannheim from 1929 (Wolf 1931). These were assembled using relatively small angle steels up to a size of 65/65/7 mm for the corners.
Also in the year of 1929, the Württembergische Landes-Elektrizitäts-AG (electricity supply board of Württemberg) put up 66 completely welded pylons with heights of between 18 and 25 meters near Tübingen (Anonymus 1931a). Manufacturer of these masts was the steel company C. H. Jucho, from Dortmund. As in Mannheim, a series of load-bearing tests were conducted on welded girder masts at the companies testing grounds
in Hamm, Westfalen (Haider 1931).
The results were not always satisfactory. As before the quality of the welded seams was often not sufficient,
because the welders had too little experience with the new technique of arc welding. The distortion of the
relatively thin profiles also caused substantial difficulties, and the material saved, compared with riveted structures was quite small at only 5 – 10%. Therefore the building of welded lattice masts was only economically,
and practically viable in individual cases. These were usually small, plump structures. The large pylons were still
being constructed as riveted structures.
Experimenting with welded Lattice Girders
Different were the conditions for the welding of lattice girders for the German buildings and bridges. Here the
amount of material that could be saved was much higher. As the welded structure no longer required a doubling of the profiles, and large overlapping or knotted areas were no longer needed, up to 25% of the amount
of steel needed could be saved. On the other hand the building of lattice girders usually required larger,
thicker profiles compared with lattice masts, and this proved to be the cause of subsequent problems.
In Germany it was at the Gutehoffnungshütte in Oberhausen-Sterkrade, under the leadership of Hans Neese,
where the first valuable experiences in the usage of arc welding were made on trussed girders. In May 1921 a
tensile test on a 10 m trussed girder, 1m high, was conducted (Gehler 1926).
Further tests on a 9m girder were undertaken by Technische Hochschule Dresden. This girder had been manufactured by the Linke-Hoffmann-Lauchhammer A.G. in Riesa. Besides the Gutehoffnungshütte in OberhausenSterkrade, the Linke-Hoffmann-Lauchhammer A.G. in Riesa was one of the few companies who were able to
reliably use the technique of arc welding in Germany in the 1920s.
Developing suitable joining methods
The experiments conducted at the material testing institute in Dresden proved the basic usability of arc welding in steel constructions, but also threw up many new questions. In order to work out the optimal positioning of
the welding seams, as well as the behaviour under dynamic load further tests were necessary.
These experiments showed that new joining techniques would be needed, other than the ones used on riveted
structures. At the beginning, the traditional constructions, as used with the riveted technique, were continued,
with only single short welding seams being placed. Also, the industry was slow to let go of the traditional butt
plates, and junction plates (Fig. 3).
Restrictive behaviour of the German Building authorities
In the building authorities, as well as the technical colleges, scepticism towards this new joining technique remained high up to the late 1920s. Strongest argument against the new welding technology was the insufficient
verifiability of the welding work (Förster 1927). In September of 1926, at the international Bridge and structural
engineering conference in Zurich the German and Swiss representatives summarized:
... We can expect little from the new method of welding steel tubes in the construction of steel bridges.
Whereas welding can successfully be used to attach strengthening strips and join other secondary building
parts. (Anonymus 1926)
In spite of the technical hindrances, and the concerns about its adequacy, it was possible to implement welding technology in the German steel building industry in the following years parallel to the traditional riveted
constructions. What were the most important triggers for this innovation?
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INNOVATION THROUGH INSTITUTIONALISING AND REGLEMENTATIONS
The Deutscher Eisenbauverband as an important driving force
An important co-initiator during the Dresden experiments, and a major force propagating the introduction of
arc welding was the Deutsche Eisenbauverband (German steel building federation). During the First World War
the German steel industry was almost exclusively producing steel for the German war machinery. After the war
it was necessary for the steel companies to open up new markets through new technological innovations. The
development of stronger building steel, as well as a new material-saving joining technique were at the centre
of these efforts. Furthering the evolution of building steel was all the more important because of the strong
competition of the cement and concrete industry.
The Deutsche Reichsbahn and the first completely welded railway bridge
The second institution, which helped developing the use of welding in the 1920s was the Deutsche Reichsbahn
(State Railway). From 1926 onwards, arc welding was applied in the repairs of old riveted steel railway bridges.
After having gathered the first positive experiences, the head of division for steel bridges in the ministry for
transport, Gottwalt Schaper, intended to make the new welding technology feasible for the building of new
bridges.
After several experiments, the Deutsche Reichsbahn commissioned the first completely welded bridge construction, which was made in the Gutehoffnungshütte in Oberhausen-Sterkrade in 1929/30 (Schaper 1930b).
This bridge was constructed of 2 Plate Girders in St 37 (common usage steel grade with a minimum tensile
strength of 370 N/mm²) with a span of 10 m. The 30 mm thick and 260 mm wide flange plates of the bridge
were attached by unnecessarily strong non-rounded fillet welds to the 15 mm thick web plates. The width of
the fillet weld was chosen equal to the thinner of the 2 plates being joined. In order to reduce the internal
stresses, the welders set the seams in stages, with gaps, working from the centre out on both sides at the same.
Further treatment of the seams did not take place. In the area of the highest bending moment (midspan) the
top flange was reinforced with additional welded steel plates (Fig. 4).
After static and dynamic load testing of the bridge, it was installed on a heavily used piece of track near Münster in Westphalia. This trial Bridge of the Deutsche Reichsbahn proved that welding technology could be used
successfully in the steel construction industry.
The Fachausschuß für Schweißtechnik – an expert committee in the Verein Deutscher Ingenieure (VDI)
In 1925, the Fachausschuß für Schweißtechnik (technical committee for welding technology), developed
within the Verein Deutscher Ingenieure (VDI, Association of German Engineers, established in 1856). Its aim was
to gather the experiences made with the new welding technique by the material testing institutes in Berlin and
Dresden, as well as the steel companies and the Reichsbahn. (Rimarski 1935 and Hilpert; Adrian 1936.) Twice a
year representatives of the steel industry, the Reichsbahn, the building authorities, and the technical colleges
would meet to discuss the newest developments. From 1927 onwards summaries of these meetings were publicised (VDI 1927). The various Panels within the committee weren't just involved in coordinating the various research projects, but initiated experiments themselves, and took part in organizing the necessary funds.
First standardized regulations and testing methods
In October 1929 the Fachausschuß für Schweißtechnik was able to present a first draft of the Richtlinien für die
Ausführung und Abnahme geschweißter Stahlbauten (Guideline for the execution and acceptance of
welded steel structures). In January 1930, after several discussions, the only two page long guideline was published in the newly founded trade journal Die Elektroschweißung. Shortly afterwards it was also publicised in the
trade journal Der Stahlbau. Both of these journals provided an important communications platform for the advances made in the welding of steel structures in the following years.
In July of 1930 these guidelines became mandatory. To the previous draft the authorities had added further restrictions. The newly developed higher quality Building steels St 48 and St 52 (steel grade with a minimum tensile
strength of 480 respectively 520 N/mm²) were excluded from use in welding.
At the same time more emphasis was put on quality control of the welding seams. The cross-tensile test was introduced to examine the quality of fillet welds, and the bending test was used for the testing of butt welds.
From 1927 onwards x-raying could be used to test the quality of the welding seams. Although this process was
relatively expensive it came into use quite often. The Deutsche Reichsbahn had a monitoring car equipped
with x-ray equipment since 1930, and shortly afterwards trucks where also equipped with x-ray machines. The
controllability of the execution of welding combined with the clear and simple guidelines furthered an increased use of welding technology in German buildings and bridges.
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Figure 4: First German railway bridge that was an entirely welded structure. Span of the plate girder: 10 m.
Welding in the factory (left), transport on railway (right); (left: Bondy 1930, plate 77; right: Bardtke 1931, p. 196)

Figure 5: Welding the Chicopee Falls Bridge (Mass.). Span of the lattice girder: 41 m; (Bondy 1930, plate 84, 85)

Figure 6: Welded steel framework in Berlin-Gartenfeld, width: 10 m, length: 20 m; (Anonymus 1931b)
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DEVELOPMENTS IN THE USA AS A ROLE MODEL
August Hilpert, head of the Testing grounds for welding technology in Berlin, compared the developments in
Germany to those in foreign countries in 1929:
Whilst foreign countries such as America, Belgium, and Switzerland have adopted arc welding in their buildings and bridge constructions extensively, in Germany one has stayed almost exclusively with the traditional
riveted constructions. (Hilpert 1929 in Z. des VDI, p. 755)
Through articles in trade journals, and trade conferences the foreign applications became well known in Germany. Especially the developments in the USA were trend setting.
The American Welding Society
In order to gather the information on welding technology gained during the First World War, the Emergency
Fleet Corporation set up a welding committee. After the war had ended, this evolved into the American Welding Society; a nonprofit organization dedicated to the advancement of welding and allied processes. Through
this development the knowledge gained during the First World War could be transferred into the civil sector far
more efficiently as in Germany. As early as 1920 the first small factory hall of 12 x 8m was constructed in New
York as a welded structure.
The American electrical corporate groups concentrated their efforts on arc welding and became a major
driving force in its development. Exceptional willingness to invest in this new technology was shown by 2 large
American corporate groups, the General Electric Company, and the Westinghouse Electric Corporation.
The Westinghouse building in Sharon
To prove the potential of arc welding, the Westinghouse Corporation built a 5 story factory building in Sharon,
Pennsylvania (Adrian 1927, Bondy 1929a). The building was 24 m wide and 67 m long. Almost all joints of the
steel frame building were welded on site. The stilts were put together out of 2 I-beams whose flanges were
connected using interrupted welded seams. For the joining of the ceiling beams to the stilts, the Westinghouse
corporation developed a whole series of possible connections. The aim was a rigid joining, resistant to bending
(Liedloff 1931).
The fact that the American electrical corporations concerned themselves with arc welding to a much greater
extent than the German ones, is demonstrated by another building in Philadelphia. Here, in 1927, the General
Electrical Company built a large factory hall, where arc welding was used to piece together the roof beams,
and to attach the girder holding the overhead cranes to the stilts (Anonymus 1928).
American welding regulations
On demand from the electrical corporations, the American Welding Society published guidelines for the use
of welding in steel constructions (Boos 1930). These guidelines were substantially more comprehensive than
those set up later in Germany, and contained additional proofs on dynamic loads. Most large industrial towns
in the west soon took up these guidelines in their building codes in 1929. The examples in Sharon and in Philadelphia show, that, as opposed to in Germany, here the permissions for welded steel structures could be obtained before 1929. This was especially the case with the large industrial towns in the western USA, Pennsylvania, New York, Ohio, and Massachusetts.
It was only in 1930, after the implementation of the first guidelines, that the first steel frame buildings where assembled using arc welding in Germany. An early example of these types of constructions in Germany is the 2storey transformer station of the Siemens-Schuckert Werke in Berlin-Gartenfeld (Fig. 6).
The Railroad bridge over the Chicopee Falls in Massachusetts
International acclaim was received by an arc welded steel railway bridge built in 1927/28 in the US state of
Massachusetts (Fig. 5). The bridge was constructed of welded lattice girders, with a span of 41 m (Bondy
1929b). All welding work was conducted by a company of the Westinghouse Corporation. The web of the lattice girders was constructed of I-beams, which were joined without junction plates. In Europe, it was not yet
possible to weld lattice constructions of this size, which were subject to such large dynamic loads. In the 1920s
there was only one similar construction in Europe, in regard to its size and construction, however, with a different load capacity. This was a bridge built in Leuk, Switzerland, in 1929 (Schaper 1930a).
As welding started to find use in the German bridge building industry in the 1930s, one concentrated on plate
girders, whilst lattice girder bridges were still being riveted in Germany. However, this reluctance was not without cause. After only a few days use, cracks appeared in the butt welds of the lower flanges of the American
railway bridge (Bernhard 1928).
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THE RAPID DEVELOPMENTS DURING THE 1930S
After the first German regulations were implemented in the 1930s, the developments in Germany were enormously boosted. The reluctance towards the welding technology gradually gave way to enthusiasm. Besides
the legal guidelines, the building boom, which had developed since 1934 was a key factor in promoting the
spread of new innovative techniques. Especially on new industrial buildings, less so on residential and office
buildings, the new electrical arc welding technique was applied. The welding technique could be applied especially effectively on the joining of frame corners of large hall constructions, such as on the steel supporting
structure of the airport terminal in Berlin-Tempelhof in 1936.
The quick adoption of welding technology in the construction of steel bridges in Germany was remarkable.
The rail network of the Deutsche Reichsbahn alone contained almost 100 welded bridges by 1935. These were
by no means all small constructions, with some bridges such as the Rügendammbrücke, built in 1935 spanning
50 metres. Also in1935, the Mangfallbrücke was completed. This was a plate girder bridge of the Reichsautobahn (motorway) between Munich and Salzburg, with a span of 100 metres.
By the mid 1930s many experts concluded the most important characteristics of the welding technology had
already been explored (Schaper 1934). However, several cases of damage became known on steel bridges of
St 52, in Germany as well as in foreign countries. In the years between 1936 and 1938, this was a major setback.
Subsequent intensive research on the risk of brittle fracture of higher grade steels revealed the causes of this
damage, and established welding technology as an academic discipline in German colleges.
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