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don’t belong to the ‘club’.2 Network effects alone do not ensure 

standardization. Firm strategies, buyer preferences, technological change 

(which could be exogenous to the firm), and public policy contribute 

towards convergence on uniform standards.3 Standardization is a double-

edged sword and firms tend to use it as a strategic choice variable. In 

industries where entry barriers are weak and network effects are strong, 

smaller firms prefer to establish compatible standards as this helps to 

expand user base and make price competition less aggressive. On the 

other hand, dominant firms tend to resist uniformity and strive to make 

their standards non-compatible to protect market share.4 The exception to 

this observation would be an external ‘threat’ either as a result of 

government regulation imposing standards or dominant buyers insisting 

that the manufacturers use uniform standards which they specify. If a few 

dominant producers perceive these to be ‘wrong’ standards, they would 

cooperate to pre-empt this move and establish a uniform standard of their 

preference.  

This paper presents a historical case from the nineteenth century of 

such a defensive strategy where dominant firms cooperated to set a 

uniform standard to prevent ‘lock-in’ on what they perceived to be an 

inappropriate standard. I argue in the case of the British wire industry that 

a few dominant manufacturers, facing intense international competition, 

cooperated to prevent the standardization of the ‘wrong’ wire sizes 

proposed by the Board of Trade (BoT). The resultant standards were a 

compromise negotiated between the dominant producers of metal wires, 

                                                 
2 Swann, Temple and Shurmer, ‘Standards and trade’.; Antonelli, ‘Standards as 
institutions’.; Teece and Sherry, ‘Standards setting and antitrust’.; Metcalfe and Miles, 
‘Standards, selection, variety’.; Axelrod, Mitchell, Thomas, Bennett and Bruderer, 
‘Coalition formation’.;  
3 Koski and Kretschmer, ‘Competing in network industries’.; David and Greenstien, 
‘Compatibility standards’. 
4 Katz and Shapiro, ‘Network Externalities, Competition and Compatibility’.; Besen and 
Farrell, ‘Strategies in standardization’.; Cusumano, Mylonadis and Rosenbloom, ‘VHS 
and Beta’.; Koski and Kretschmer, ‘Standards and competition’. 

144.97455 100.16037 Tm
(c0 0 10.98 377.544344901 100.16037 Tm; )TjKx0.0002 Tc -0.0015 rz and K





The techniques of interchangeable manufacturing that originated in the 

state armouries of eighteenth century France were adopted by 

engineering firms almost a century later in the form that would become 

the American system of manufacturing.9 Technological convergence 

helped in standardizing processes such as cutting metal into precise 

shapes; the result being that machine types and machine tools became 

standardized.10 Some historians challenge the notion that machine 

precision replaced artisan skills, arguing instead that newer mechanical 

methods depended both upon the traditional skills as well as newer skills, 

making this the limiting condition determining the ‘progress of new 

technology’; and consequently the nature and extent of standardization.11 

The objectivity and the form of nineteenth century standards is as much 

an outcome of social construction as it is of technological convergence.12 

Standardization also implied de-skilling of labour when, for instance, limit 

gauges began to be used for measuring the grinding of machine parts. 

Gauging thus became ‘a mechanical affair [not requiring] the same skill or 

the same knowledge on the part of the workman’.13 Further, British 

engineering standards must also be placed in the context of increasing 

competition from other industrializing nations such as Germany and the 

United States. The degree to which British industry adopted 

manufacturing of standardized parts was a result of the competitive 

response by British producers to the rise of German and American 

engineering industries.14

Standardization was an integral part of the overall Victorian 

landscape. Apart from standardized engineering products (machine tools, 
                                                 
9 Alder, ‘Innovation and amnesia’.; Hounshell, American syste



screws, gauges, etc.), this included scientific and technological standards 

(the ‘ohm’ and the voltmeter),15 measurement standards (e.g. accounting, 

weights and measures),16 standards used in trade (e.g. commercial 

contracts, commodity grades),17 etc. The issue of standardization was 

important enough for the Board of Trade in the UK to have a Standards 

Department by the 1860s, and by the early 1900s the British Engineering 

Standards Association was formed.  Standardization in this period must 

also be placed firmly in the context of the Victorian markets, which were 

far from being the ‘neutral arena for competitive exchange’.18 Many 

Victorians considered the ‘un-trammeled market forces’ to be dangerous 

unless linked to a source of ‘unquestioned authority’ which adjudicated 

when ‘morality clashed with market principles’.19 This view of the market 

has important implications for any standardization story, as setting 

standards involves not only solving the technical issues but also 

overcoming issues of coordination between the various groups involved. 

The need to solve coordination issues arises due to path-dependency of 

standards. Industries can get locked into standards at an early stage and 

so fail to switch to better or more efficient standards.20  

I situate the case of the wire industry and the emergence of 

standard wire sizes in the context of the foregoing issues. British wire 

producers did not manufacture according to standardized wire sizes and 

‘consequently purchasers [were] so completely at the mercy of the 

manufacturers that they [were] driven to all kinds of expedients in order to 

                                                 
15 Hunt, ‘Electrical standards’; Gooday, ‘The morals of energy metering’. 
16 Brackenborough, Mclean and Oldroyd, ‘DCF in Tyneside coal industry’; Fleischman 
and Macve, ‘Management accounting in coal mining’.; Connor, English Measures. 
17 Forrester, ‘Commodity Exchanges’.; Ferguson, ‘Commercial disputes system’.; 
Chattaway, ‘Arbitration’. 
18 Johnson, ‘Market Disciplines’. 
19 Searle, Morality and market, 256.; cf. Gambles, Protection and politics.  
20 David, ‘QWERTY’.; Cowan, ‘Technological lock-in’.; Farrell and Saloner, 
‘Standardization, compatibility, and innovation’.; Arthur, ‘Lock-in by historical events’. 





their own preferred industry standard. The following section briefly 

reviews the state of the industry following the standardization of the wire 

gauge in 1883 and makes some observations regarding the extent of its 

adoption. The final section puts these events into perspective and draws 

general conclusions regarding competition, coordination and 

standardization. 

 

 
Wire Manufacturing in England 
Standardization of wire sizes is best understood in the context of 

the economic geography of wire manufacturing in the late nineteenth 

century. The origins of metal wire manufacturing in England can be traced 

back to the fourteenth century with wire drawing technology introduced 

from Germany. By the early nineteenth century, Lancashire had become 

an important centre for wire making activity, encouraged by engineering 

workshops located in this region. Peter Stubs, the Warrington tool maker, 

became involved in the wire trade initially as a large buyer of pinion wire, 

but eventually the firm he founded became one of the most important wire 

producers in the country.23



(Halifax/Yorkshire), and Ramsden Camm & Co. (West Yorkshire) among 

others.25 However, a majority of the firms involved in wire drawing were 

numerous small workshops located in and around these major centres. In 

Birmingham alone there were about 70 wire manufacturers and about 40 

wire weavers26 in 1875, which had increased from 5 in 1800 and 35 in 

1866.27  

In terms of size and output, some of the larger wire makers had 

multiple manufacturing locations, specialized in many different kinds of 

wire, employed large numbers of wire drawers and manufactured other 

products based upon wire. Richard Johnson & Nephew had works at 

Manchester and Ambergate, employed about 1000 workers and 

specialized in telegraph and fencing wire, wire rope, tinned mattress wire, 

fencing wire etc. Rylands produced about 700 to 800 tons of wire and 

wire products per week, employed about 700 workers, and specialized in 

telegraph and fencing wire, galvanized, tinned and coppered wire, and 

roping and netting wire. Similarly, Whitecross Company Ltd, employed 

between 800 to 1000 workers, made puddled bars, iron and steel billets, 

wire rods, plain and coated telegraph and telephone wires, plain and 

galvanized fencing wire, rope wire, tinned and copper wire, and was 

perhaps the largest and most integrated, diversified enterprise. The 

annual capacity of this firm was thought to be about 5000 tons of ropes 

and 5000 miles of netting and 1500 tons of nails.28 On the other end of 

the scale were the smaller manufacturers of wire with far less capital and 

machinery and employing fewer people. According to one estimate, wire 

drawers making jewellery wires in Birmingham employed less than 150 

                                                 
25 Stones, Wire Industry, 1; Griffiths, Iron manufacturers., lists 31 ‘principal’ firms, 
included those listed here. 
26 White, Birmingham trades directory., categorized as wire drawers, wire 
manufacturers, iron and steel wire manufacturers, wire rope makers or wire weavers 
27 Aitken, ‘Brass manufactures’, 359, those manufacturing of rolled brass and wire 
28 Smith, Wire, its manufacture and uses, 93-98. 
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people.29 The industry was thus composed of both large and small firms. 

Most firms, irrespective of size produced a variety of wire products.30 

Nevertheless, there was geographical specialization in that Yorkshire wire 

makers were drawing mainly finer, smaller wire type, whereas the 

Lancashire and Birmingham makers were drawing both thicker and finer 

wire.31

In terms of its applications, wire was virtually ubiquitous and one 

contemporary writer listed no less than 25 distinct uses, including 

electrical conductors (e.g. cable and telegraph wires) and scientific 

instruments; carding machines for textile purposes; manufacture of ropes 

employed for marine, mining, agricultural, and engineering uses; 

fabrication of sieves, screens gauze, and netting; spectacle frames and 

watch springs; manufacture of pins and needles, nails, rivets, fish hooks 

and umbrella ribs; musical instruments; gates, railings, hurdles and 

fencing. The list goes on.32 About 80-90 percent of persons employed in 

the manufacture of pins, needles and nails were located in the West 

Midlands, along with about two thirds of those employed in the 

manufacture of rivets, bolts and staples – indicating the concentration of 

industries using wire and wire products.33 In Birmingham, there were 

about thirty-five pin manufacturers, seventy spectacle makers, forty screw 

manufacturers, and twenty musical instrument makers (of which eight 

were manufacturers of pianofortes).34 Lancashire watch makers used to 

purchase pinion wire from wire makers of Warrington and Manchester.35 

Wire-netting and wire-rope were also manufactured around the Midlands 

and in Birmingham and several pianoforte manufacturers were located in 

                                                 
29 Carnevali, ‘Crooks, thieves and receivers’, 539. 
30 Blake-Coleman, Copper wire, 209. 
31 Ironmonger, Feb. 26, 1881, p. 261 
32 Smith, Wire, its manufacture and uses, 5. 
33 Census of England and Wales (1871, 1881 and 1891), London: HMSO 
34 White, Birmingham trades directory. 
35 Dane, Peter Stubs.; Landes, ‘Watchmaking’. 
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Leeds and other locations in Yorkshire. Finer sizes of Yorkshire iron wire 

were also used for wool and cotton cards, and sieves. Warrington 

manufacturers were known to obtain fine wire from Yorkshire.36 Fine wire 

made from gold, silver, nickel, copper and brass was used by jewellers 

and brass and metal works in and around Birmingham.37

Apart from these small and medium sized buyers of wire products, 

the large wire buyers included the telegraph companies and consortiums 

that required wire manufactured to fairly high and exacting specifications. 

Thomas Bolton & Co., Richard Johnson & Nephew and Webster & 

Horsfall had supplied large amounts of copper wire to the Atlantic Cable 

Company. One of the initial orders required 119.5 tons of copper to be 

drawn into 20,500 miles of wire, which had to be laid into a strand 2500 

miles long.38 Other large users were engineering companies involved in 

the construction of bridges and other civil projects. Richard Johnson & 

Nephew had tendered for an order of 3,400 tons of wire to form the main 

cables of the Brooklyn Bridge in the late 1860s.39 Makers of fencing wire 

were other large users of wire products, while wire ropes were also used 

in mining operations.40

Unsurprisingly, Yorkshire, Lancashire and West Midland together 

employed about three-quarters of the wire drawers in England (table 1). 

The number of persons engaged in wire drawing or wire making 

increased between 1871 and 1891 indicating growth in wire making 

activity in these locations. The number of wire workers in Birmingham had 

increased from 90 to 600 between 1840 and 1860.41 Wire drawing was a 

highly skilled activity and drawers were paid a premium wage compared 

to other occupations. For instance, in the mid-nineteenth century, a wire 
                                                 
36 Hughes, Wire Gauge. 
37 Ironmonger, Feb. 26, 1881, p. 261 
38 Cited in Blake-Coleman, Copper wire, 157. 
39 Seth-Smith, Richard Johnson & Nephew, 75. 
40 Smith, Wire, its manufacture and uses. 
41 Lean, ‘Wire drawing’. 
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drawers weekly wage could be between £3 and £5 in Sheffield, while an 

engineer could be paid between £1.20 and £1.30; wire workers wages 

were reportedly higher than those of skilled ironworkers in 1873.42 

Nevertheless, wire drawers normally had to pay for the wire to be cleaned 

before bringing it into the mills, a cost that must be factored in the 

‘premium’ that wire drawers received.43 Initially, trade union activity 

amongst the wire workers was limited as most early workers were self 

employed or worked in small scale shops. By the 1860s, union activity 

had increased and in 1868 the ‘Thick Iron and Steel Wire Drawers Trade 

and Benefit Society’ was formed. However, union membership decreased 

during the 1870s, and when the manufacturers began to implement wage 

reductions after 1878 the union was unable to present an effective 

resistance. As a result of this, manufacturers were able to negotiate 

wages down by as much as 25 percent.44

 

 

 

 

 

 

 

 

 

 

 

                                                 
42 Bullen, Drawn together, 7-8.; these varied considerably and the average earnings in 
Birmingham in 1866 were about 35s (£1.50) per week according to other sources, see 
Lean, ‘Wire drawing’.; Ironmonger, Jan 11, 1879, p. 51-2 
43 Seth-Smith, Richard Johnson & Nephew, 81. 
44 Bullen, Drawn together, 14-15. 
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Table 1: Distribution of Wire Workers in England and Wales

  1871 1881 1891 

Total: England & 
Wales (Nos.) 712.50



by the Census to be approximately 17,000.46 Using these figures, per 

person output in 1907 appears to be about 13 tons per annum. Further, 

using other estimates for sales of wire products between 1920 and 1922, 

and the total numbers of wage earners for these years, per person output 

per annum appears to range between 16 and 20 tons.47  

It is very likely that per person output varied significantly across 

wire manufacturers, particularly between the larger and the smaller firms. 

At worst output could have stagnated between 1880s and the early 

decades of the twentieth century; but it seems unlikely to have 

decreased. Given the nature of technological change (discussed later), a 

broad assumption can be made that 13-15 tons per person per annum is 

a reasonable estimate for the period between 1870 and 1890. If these 



Table 2: Estimates of Domestic Production of Wire in England and Wales

Annual Output 

 

No. of 
Wire 
Drawers

Assuming 
10 tons 
per 
worker 

Assuming 
13 tons 
per 
worker 

Assuming 
15 tons 
per 
worker 

UK 
Exports 

Exports as

s



rolled bars, wire rods, drawn wire and nails. Westfalische Union, formed 

from an amalgamation of various older Westphalian firms in 1873, had an 

output of about 100,000 tons annually, employed about 3,000 workers, 

and made wire rods, drawn wire, wire strands and roping, nails, rivets, 

screws, besides large quantities of bar iron, axels, sheet metal, etc.52  

 

 

Wire Drawing: Process, Sizes, and Gauges 
Wire was produced from wire rods, which were approximately ¼ 

inch in diameter. To make wire, the rods were drawn or pulled through a 

series of perforated plates called drawplates. The perforations on the 

drawplate corresponded with sizes that ranged from Nos. 1 through to 20 

for thicker wires, and from Nos. 20 through to 40 for finer wires, with 

increasing numbers signifying smaller diameters.53 Many of these sizes 

were further divided into half and quarter sizes. The cost of making wire 

increased with each successive draw so that finer wire was costlier to 

manufacture as compared to wire of thicker sizes. A price list from 1884 

offered size 1 to 6 for 2¼d per cwt (112 pounds), whereas a No. 12 wire 

was available for 4d. Similarly, a No. 15 wire in the same price list was 

available for 6¼d and a No. 20 for 1s 5½d.54 The primary reason for this 

was that the wire-drawer’s remuneration and other costs such as13.02 281.7lb804 Tm
(offered size64ba01.42 0 4 0 13.02 85.07944 40274d per )Tj
/TT2 1 Tf
0.0018 eEMC 
/P <<142 8i0 13.02 1.02 370.46873 296.42046 Tm
40 0 1318.86038s



No. 4 iron wire was required  

the drawer [took] annealed wire of No. 1, [gave] it a hole to No. 
3 [and another] hole to No. 4. If he had reduced it from size 1 to 
4 in one draw, [it] would be found irregular in thickness, ellipse 
here, fluted there, and flat further on, instead of being smooth 
and equal diameter throughout.56

 

 

There also existed a ‘relationship’ between a skilled wire-drawer 

and the wire sizes. For example, a skilled worker could take six feet of 

No. 22 soft brass wire, fasten one end to a post and pull at the other and 

thus obtain eight feet long No. 24 wire. Or he could take six feet of No. 22 

soft copper wire and stretch it to seven feet No. 22¾ wire. The wire-

drawer knew these metal properties and also that if he got to the ‘limits of 

cohesion’ he either ‘sucked’ or broke the wire; he used the wire sizes as 

his guide to do this.57  

These examples highlight interesting issues concerning the method 

of manufacturing wire. There was a particular sequence of holes through 

which wire had to be drawn in order to make wire of a desired size as well 

as acceptable qow369.44Syj
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Throughout the nineteenth century, wire making technology kept 

pace with developments in wire applications. The move towards machine 

made wire meshes and netting in early nineteenth century led to the shift 

away from hand-drawn wire to wire drawn by mechanical means. Drawing 

longer pieces of wire using steam power was being carried out in the 

1840.58 George Bedson, of Richard Johnson & Nephew, introduced a 

continuous rod rolling mill in 1862, which effectively enabled longer coils 

of wire rods to be produced.59 Around the same time, the Germans were 

also making improvements to rod rolling technology. In 1878 one 

observer reported that by making some changes to the manner in which 

rods were rolled in the rolling mill, the German wire makers could cut 

capital and labour costs.60  

Nevertheless, the speed with which wire was drawn and the 

efficiency of drawing machines improved slowly and insignificantly 

throughout the nineteenth century. In fact the techniques for drawing wire 

in the late nineteenth century had changed little from those used in the 

late eighteenth century. In contrast, the output of rod rolling mills 

increased by a factor of almost fifty.61 Increasing efficiency of wire 

drawing by combining several blocks of wire drawing machines was 

introduced in the late nineteenth century. In 1871, the Woods brothers 

from Manchester patented a continuous wire-drawing machine, which 

made it possible to pass wire through four drawplates at the same time.62 

Nevertheless, in 1880 it was reported that  

 

an ingenious machine has lately been introduced here for 
expediting the work, the wire passing through a succession of 

                                                 
58 Thomas, Wire rod production, 15. 
59 Seth-Smith, Richard Johnson & Nephew. 
60 Thomas Morris, ‘Four days in the Iron Wire Manufacturing District of Westphalia, 
Germany’, Warrington Literary and Philosophical Society, as cited in Thomas, Wire rod 
production, 23-4. 
61 Blake-Coleman, Copper wire, 83.; Laman, ‘Wire-drawing’, 268. 
62 Thomas, Wire rod production, 15.; Laman, ‘Wire-drawing’, 269. 



plates pierced by holes of diminishing gauges, [and] the wire is 
drawn down three sizes at once, at a great saving of time, 
labour and cost63

 

 

Continuous wire drawing technology was relatively new and not 

generally adopted within the British industry in the 1880s. The exception 

to this was the Ambergate works of Richard Johnson & Nephew, where in 

the early 1870s engineers from Washburn Co., an American wire 

manufacturer with whom the Johnsons had had long ties, were brought in 



gauges were based upon the holes on the drawplates, which were 

themselves empirically derived. In turn, the gauge was used both as a 

verification tool, to ensure that the wire drawn was of the correct size, as 



developed their own gauge based upon their own experience of wire 

drawing, on the metals being used, and the intended use of the wire. In 

other words, the indu
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As the number of applications in which wire products were used 

increased, it led to the increase in the number of sizes included on the 

wire gauges. Eighteenth century wire gauges appeared to have used 

between twelve and sixteen sizes, whereas by 1842 the number of sizes 

had increased to at least twenty-six.74 This indicates that the wire gauges 

in the mid-nineteenth century were a collection of various sizes, which got 

combined into one gauge.75 The increasing complexity of sizes also 

emphasized the need for workmen to remember only the wire numbers 

rather than the measurements in inches; the gauge numbers functioned 

as a convenient mnemonic.  

The most widely known and used of the several gauges was the 

Birmingham Wire Gauge (BWG), although no single gauge can be traced 

which could be termed as the BWG. It was most likely a loosely termed 

collection of gauges that originated and were used in and around 

Birmingham. The BWG was also used in other locations apart from 

Birmingham, such as Manchester and Sheffield. Internationally, the BWG 

was known in Germany and parts of the United States.76 The Stubs 

Lancashire gauge was originally defined by Peter Stubs and was 

preferred in Warrington, Sheffield, Manchester and Canada. Apart from 

these, other gauges included the Rylands gauge, the Cocker Steel 

gauge, the South Staffordshire gauge, etc. The size and dimensions of 

wire defined by some of these gauges is compared in table 3 below. Such 

slot-wire gauges were not the only type used by wire makers, although 

they were very widely used in Britain, Germany and the US, more than 

any other kind. A micrometer gauge used by some manufacturers in the 

US was described in 1877. This movable type of gauge was reported to 

be very precise and in trials ‘gauge boys [could] very easily be taught to 

                                                 
74 Dickinson and Rogers, ‘Origin of gauges’.; Hughes, Wire Gauge. 
75 Hughes, Wire Gauge. 
76 Clark, ‘Birmingham gauge, 1867’, 332.; Ironmonger, Feb 14, 1880, editorial note 
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read the thousandth of an inch’.77 However, the micrometer gauge was 



Table 3: Comparison of Sizes of Various Wire Gauges (1000th of an inch)

Variation as compared to the Stubs 
gauge (%)

Sizes Stubs 
Gauge1 BWG1 Rylands 

Gauge1

Cocker 
Steel 

Gauge2

South 
Stafford

-shire 
Gauge2 BWG Rylands 

Gauge 

Cocker 
Steel 

Gauge

South 
Stafford

-shire 
Gauge

1 300 312.5 300 302.5 -4 - -1
2 284 281 274 275.5 1 4 3
3 259 265 250 256.5 -2 3 1
4 238 234 229 246 236 2 4 -3 1
5 220 218 209 226 217 1 5 -3 1
6 203 203 191 198 207.5 - 6 2 -2
7 180 187 174 183 184.5 -4 3 -2 -3
8 165 171 159 175 167.5 -4 4 -6 -2
9 148 156.25 146 160 153 -6 1 32 -3

10 134 140 133 136 134 -4 1 -1 -
11 120 125 117 128 116.5 -4 2 -7 3
12 109 109 100 107 106.5 - 8 2 2
13 95 93 90 100 96.5 2 5 -5 -2
14 83 78.125 79 92 89 6 5 -11 -7
15 72 70 69 79 73 3 4 -10 -1
16 65 62 62 70 60.5 5 5 -8 7
17 58 54 53 63 54 7 9 -9 7
18 49 46 47 57 49.5 6 4 -16 -5



The foregoing discussion about wire sizes, numbers and gauges is 

significant in that we can identify various sources of transaction costs 

arising as a result of the different gauges in use. It is shown above how 

different wire numbers on two different gauges could refer to the same 

diameter of wire (in terms of length units). Or, to put it differently, the 

same wire number as measured by two different gauges could refer to 

different diameters of wire. Latimer Clark claimed that he was personally 

involved in a contract where the use of one gauge instead of another 

would have made a difference of £8,000 to the contract value. The 

solution w4oo4.073n.4l.073et(tion w)Tj
13.0234 5one gh.C.89BC58.1Tw  8dm
w011 Tc.j
-0986 681.99725 610.34073 3 to



21½ in Warrington, Liverpool, or Staffordshire, making it cheaper outside 

Birmingham by £4 13s 4d per ton. Consumers also took advantage of this 

asymmetric information to gain a price advantage. Some buyers sought to 

obtain finer sizes of wire for the lower price of thicker wire by claiming that 

they could obtain, say, No.36 brass wire at the price of No.33, potenti







cable specified the core to be made of seven No. 22 BWG copper wire 

with a total diameter equal to No. 14 BWG weighing 107 pounds per 

nautical mile.92 Other buyers, such as pin manufacturers, demanded 

greater consistency in wire diameters. The introduction of automatic pin-

making machines in the middle of the nineteenth century h centur



was increasingly being purchased either by weight or with diameter 

specified in thousandths of an inch, this same system could be extended 

to the purchase of iron wire.98 Nothing further seems to have occurred on 

this issue until May 1878 when the Society of Telegraph Engineers (STE) 

appointed a committee to further consider the issue of the wire gauge. 

Carl Siemens, brother of Werner and William Siemens and who was 

involved in the first major transatlantic submarine cable expedition aboard 

the ‘Faraday’, was a prime mover in getting the STE committee appointed 

in May 1878.99 It consisted mainly of engineers (Latimer Clark, H Mallock, 

W H Preece, C V Walker, etc.), but also had J Thewlis Johnson of 

Richard Johnson and Nephew on the committee. The committee 

proposed a British Standard Gauge (BSG) which was basically Latimer 

Clark's geometric gauge as proposed in 1867. Although the BSG was to 

conform closely to the existing gauges, the report acknowledged that due 

to the principle of its construction (geometrically decreasing sizes) it 

would differ from the existing gauges, sometimes as much as whole 

sizes. However, it felt that ‘the workmen and dealers would gradually 

become acquainted with it, and would soon begin to prefer it on account 

of its precision and uniformity, and its authority as a gauge of last 

appeal.’100  

In October of the same year, the Birmingham Chamber of 

Commerce (BCC) canvassed the opinions of the principal dealers in 

metals and wire, and jewellers to seek their opinion as to the desirability 

of a uniform gauge. After corresponding with the other chambers of 

commerce, the BCC council decided to write to Joseph Whitworth asking 

In Oct, Minute2 476CoJo    



for assistance in developing a standard wire gauge.



Nevertheless, in March 1882, the ACC adopted Harding's proposal as the 

basis for their standard wire gauge.106  

In March 1882, the ACC sent a memorial to the Board of Trade 

(BoT) presenting a case for the adoption of a uniform standard based on 

the Harding gauge. The memorial strongly urged the Board to consider 

their proposal ‘for the purpose of its being legalized [as] the British 

Standard Wire Gauge’.107 Immediately thereafter, in April 1882, the BoT 

circulated this proposed wire gauge to the rest of the industry, with some 

modifications, asking for their reactions and opinions on the proposal.108 

The industry response to this was fairly mixed. The proposal was 

approved by the large users of wire products, especially cable wire users 

such as the General Post Office and the telegraph companies. Several 

chambers of commerce also approved the BoT proposal, including the 

London, Birmingham, Leeds and Wolverhampton chambers. Also, many 

Birmingham engineering and metal working firms approved the 

proposal.109

However, the large wire makers, who were opposed to the ACC 

proposal from the beginning, objected to the BoT proposal forming the 

only legal and uniform gauge. In May 1882, the Iron and Steel Wire 

Manufacturers Association (ISWMA) was formed ‘to decide upon the 

course to be taken [in] the matter of a standard wire gauge’.110 The 

ISWMA wrote to the President of the Board of Trade stating that the sizes 

proposed were arbitrary, ‘drawn without regard to the method of 

production’, and were different from the sizes ‘most generally known to 

                                                 
106 Association of Chambers of Commerce, Executive Council Minutes: Vol 3, Council 
Papers, Guildhall Library, London, Ms 14476/3., entry dated Mar. 1, 1882; TNA, BT 
101/114 
107 TNA, BT 101/114, Letter from the ACC dated Mar 15, 1882 
108 TNA, BT 101/119, Circular from BoT dated Apr 15, 1882 
109 TNA, BT 101/115; BT 101/116; BT 101/119 
110 Stones, Wire Industry, 1, 12. 
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consumers’.111 The association came up with its proposed list of sizes – 

the Lancashire wire makers proposing the sizes for Nos. up to 20 and the 

Yorkshire manufacturers proposing the finer sizes from Nos. 21 to 50.112 

Although the wire sizes between the ACC and ISWMA proposals appear 

to be virtually identical, the difference between the sizes seemed to be of 

material importance at least to the wire manufacturers (figure 2 and table 

4).  

 

Figure 2.  

Comparision of ACC and ISWMA Proposals of 1882
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establish as legal the sizes which the trade say will be ruin to 



No. 27 & 34 – remained. Table 4 shows the differenc6 remained. Tabl



Table 4: Comparison of the Standard Wire Gauge (SWG) to the 



Competition, Coordination, and Negotiation 

The initiative to establish a standard wire gauge in the 1870s came 

from the telegraph engineers. Subsequently, there were several different 

proposals for a uniform gauge that were under consideration. The STE 

had their own proposal by 1879, which the BoT was aware of, although 

the ‘subject [was] not referred to [them]’.122 The ACC committee itself 

considered numerous proposals, including several made by Harding, 

Hughes and others, before deciding upon Harding’s scheme as its 

preferred wire gauge.123 It is only after ACC’s decision to recommend the 

Harding gauge to the BoT as the legal standard and BoT’s subsequent 

actions to follow through this recommendation that the large wire makers 

cooperated to suggest their own standard gauge in 1882. Why did 

ISWMA oppose the ACC proposal? Why did the large manufacturers 

cooperate in the first place to form the ISWMA? 

Towards the end of the 1870s, British wire industry was 

experiencing stagnation and stiff competition from foreign manufacturers, 

both in its domestic as well as overseas markets. German wire production 

nearly doubled between 1878 and 1882 and its exports of wire increased 

sevenfol marksed both in it



tons of ‘strand’ wire with a German firm ‘due to its cheapness’.125 Some 

British wire makers imported German iron rod to turn it into wire or 

purchased German wire to make wire products such as screws, needles, 

and piano wire. Rylands was forced to purchase German rods when firms 

such as Pearson & Knowles found it difficult to compete with German 



during the latter part of the nineteenth century. The resultant lower steel 

price in Germany vis-à-vis Britain meant that German firms found this 

policy of dumping steel and wire products overseas to be sustainable.128 

Transportation costs were comparatively lower in Germany (and Belgium 

and Holland). Railway frei



Technological improvements, such as continuous wire drawing, 

newer methods of annealing and treating wire, and so on, do not appear 

to have improved production efficiencies appreciably to the extent of 

allowing British firms to become competitive vis-à-vis the German firms. 
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was reportedly common, creating an intensely competitive domestic 

market environment.137

Apart from cost rationalization, some firms followed the strategy of 

diversification. The firms of Edelston & Williams and Cornforth, makers of 

iron wire, began manufacturing steel wire for pianofortes – the traditional 

domain of firms such as Horsfall – in addition to making steel wire for 

ropes, cables, picture cords, etc.138 Other firms such as Nettlefolds began 

amalgamating or merging with other, smaller firms producing screws in 

Smethwick (Birmingham), Stourport (West Midlands), Manchester, etc. 

with a view to eliminating competition. This increased concentration, 

reduced overcapacity and provided Nettlefolds with an assured market for 

its wire products as well as an assured supply of inputs for its screw-

making business.139 Apart from individual firm strategies, co-operative 

action by manufacturers was actually limited. The larger manufacturers - 

Rylands, Whitecross, Nettlefolds, Edleston Williams, Richard Johnson & 

Nephew, Hibell & Co., etc. – had formed the Steel Wire Manufacturers in 

1878 to establish a common wage list. However, as soon as the wage 

cuts were made the association is known to have disbanded.140 The wire 

industry did not form combinations or cartels to tide over this period of 

stagnant demand and high competition, such as those seen in the 

German industry, the US industry in 1894-95 or even those that were 

formed in related British industries, such as pin manufacturing.141 There is 

no evidence of any other industry association during this period until the 

                                                 
137 Ironmonger, Jan 22, 1881, p. 110 
138 Ironmonger, June 7, 1879, p. 763 
139 Ironmonger, Apr 9, 1881, p. 511; Nov 3, 1883, p. 650-51; May 24, 1884, p. 711 
140 Seth-Smith, Richard Johnson & Nephew, 83.; Bullen, Drawn together, 14. 
141 Jones, ‘Price associations and competition’.; Warner, John Dewitt, Steel & Wire, 



ISWMA was formed in 1882, primarily to deal with the issue of the 

standard wire gauge. 

In the context of this competitive environment, we can now 

evaluate the failure of ACC and ISWMA to agree on a single industry 

standard. The main objection of ISWMA to the ACC and other proposals 

was that the difference in the sizes proposed by the various gauges 

implied that the numbers to which wire was normally drawn would have to 

be altered. For instance, switching from a Lancashire gauge to the ACC 

gauge involved changing the numbers in thirteen of the fourteen sizes 

between Nos. 6 and 18 of the existing gauge. It is this change in numbers 

rather than the differences in the length of the diameters per se which 

increased the cost of producing wire. Hughes argued that as 75 percent 

of the thick wire is drawn according to the Lancashire gauge, the result of 

switching to the ACC gauge would be ‘ruination’ for the wire trade and 

would mean ‘more serious complications with their workpeople’.142 This 

assessment is evident from the cost increases he estimated (for sizes up 

to No. 18) which were substantial, especially when compared to the price 

of wire for each size (see table 6). He further argued that iron wire finer 

than size 20 was not seriously affected by the ACC/Harding gauge as 

finer iron wire was mostly drawn in Yorkshire to the gauge, which was 

already in use by Yorkshire firms such as Harding & Sons: im



more than 9s per pound or £84 per ton, this was a substantial increase in 

production cost.143

Table 6: Impact of switching from Lancashire wire gauge to Harding’s 
proposed wire gauge1

Lancashire 
Wire Gauge 
No. 

Harding Gauge 
No. 

Increase in cost of 
production 
(shillings per ton) 

Reference Price 
(shillings per ton)2

 6 7 10 4
7 8 5 4
8 9 10 5
9 10 15 5

10 10 - 5
11 12 10 6
12 13 10 7
13 14 10 8
14 15 15 8
15 16 15 10
16 17 20 13
17 18 25 17
18 19 25 18

1 The table has been reproduced from estimates reported by Thomas Hughes in 
Ironmonger, Mar 25, 1882.  
2 The reference prices mentioned here are from a price list from 1884 which was 
reproduced in . 

 

 

The dominant wire manufacturers fiercely objected to the ACC 

gauge becoming the legal industry standard. The memorial sent by the 

ISWMA to the BoT in July 1882 stated that switching to that gauge would 

give ‘the foreign manufacturers an additional advantage over the English 

manufacturers’ which they would be unable to either absorb or pass on to 

                                                 
143 Price of copper wire from Blake-Coleman, Copper wire, 230-32; Ironmonger, Mar 
25, 1882, letter by Thomas Hughes; see also Mar 5, 1881, p. 304-306 for a similar 
analysis by an anonymous correspondent  
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buyers.144 The switching of standards also implied a renegotiation of 

wages with the wire workers. Sheffield manufacturers complained that the 

ACC gauge would involve ‘arranging new prices with the workmen and 

warehousemen’.145 Thus, the switchover was likely to result in both a 

short as well as a longer term impact on the competitiveness of the British 

manufacturers. Consequently, the ISWMA proposed their own gauge 

which was different from the ACC gauge in that the sizes between 1 and 

20 in the ISWMA proposal were smaller compared to the ACC proposal 

(see table 4). The large manufacturers argued that the ACC gauge would 

require them to draw the wire to a smaller number just to maintain the 

same diameter of wire. This would increase the number of draws and 

therefore the cost of wire. They argued that as the thicker sizes 

constituted the bulk of the iron wire exported from Britain, the result of 

legalizing the ACC standards



industry standard. They dominated the industry and remained 

competitive, even with increased German exports and imports of cheaper 

wire, by reducing wages and rationalizing labour. Some, such as Richard 

Johnson and Nephew, rationalized production techniques to remain 

competitive. Others, such as Nettlefolds, remained competitive by 

amalgamating or acquiring smaller firms, eliminating competition and 

concentrating production facilities. Still others, such as Rylands, 

decreased input costs by purchasing cheaper German rods to draw wire 

and wire products. Nor is there any evidence that the German wire 

makers were able to compete more effectively due to standardized wire 

sizes. It was their cost structures and the dumping strategy they followed 

which gave them the edge over the British wire makers.  

While individual producers such as Thewlis Johnson and Thomas 

Rylands were involved in discussions with the telegraph engineers 

regarding standard wire sizes, until a legal gauge seemed imminent there 

is no evidence of cooperation between the large wire makers on the issue 

of setting a single industry wide standard. The timing suggests that it was 

formed to prevent the industry from being locked into what the large wire 

makers considered to be the ‘wrong wire sizes’. The ISWMA served as a 



single industry standard of their preference rather than the ‘wrong’ sizes 

proposed by the ACC. 

 

 

Wire Industry and Gauges After 1883 

Modern wire sizes are expressed using standardized gauges, such 

as the American Wire Gauge or the Metric Wire Gauge. Products derived 

from wire, such as hypodermic needles, also use gauges to express sizes 

rather than measurements su



stable throughout this period, except for a short increase during 1880-

1882 and after 1900. In contrast, exports of German wire after 1880 and 

that of US wire after 1898 overtook those from Britain. German exports 

until 1887 comprised primarily of drawn wire, whereas the export of rods 

comprised a major proportion of their exports after this period. US exports 

continue to be dominated by drawn wire and have a much smaller 

proportion of wire rods (not included in the chart). British exports, shown 

here, are primarily comprised of drawn wire. Thus, standardizing the wire 

sizes did not make the British manufacturers any more competitive in 

relation to German manufacturers and the origins of German 

competitiveness lay in other factors such as cheaper input costs and 

overall efficiency. A trade report from 1886 stated that ‘the superiority of 

the Germans, owing to their long hours of work and low wages, is such 
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wire industry, a majority of the wire manufacturing after 1883 occurred 

with the use of the SWG; however, it is likely that other sizes were used 

for unusual or one-off contracts. The introduction of the SWG did not 

make the old gauges illegal. In fact, it may have been necessary for the 

industry to use non-SWG sizes to capture the market for specialized, non-

standardized or customized wire products. The issue here is whether this 

arrangement was more efficient than having a uniform but mandatory 

standard. What were the efficiency gains (or losses) from voluntary 

standards versus mandatory standards? Should de jure standards be 

voluntary or mandatory? Are ex-ante (de jure) standards better than ex-

post (de facto) standards? While these questions still remain open, the 

history of wire gauges indicates that authoritative but voluntary standards 

can encourage competition within the legal gauge, and yet retain the 

flexibility to use other standards for specialized or customized 

applications.
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should fit. This notion of desirable sizes, of accurately producing the sizes 

that were wanted by both users and producers, was ultimately important 

in converging towards uniform standards. 
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