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Abstract

The “steel bible” emerged in 1919 and went through eleven editions in eighty years.  In its evolution we can see the shift from individual to group authorship, an increasing use of visual elements, and a physical change from a small, hand-held volume to a weighty desktop reference.  In a textual analysis, we can see that it was essentially static, changing only by additions and deletions, as the industry evolved.  The eventual closing of hundreds of plants and the migration of the industry to other countries can be seen in change of publisher, the sudden absence of photography, and the international references.  Originally, the steel bible came from the factory floor and the words of the plant managers but by the 1990s, it was a highly-stylized representation of knowledge.  In the steel bible, we can see the history of the industry and the maturing of technical communication in the 20th century.
Introduction
One of the most fundamental industrial changes in American society that has led to our increased standard of living is the use of steel in construction, appliances, automobiles and weapons.  In fact, it is not unreasonable to say that the development of the steel industry is, in part, responsible for our current dominance in the world.  It was due to natural resources and history that this industry developed first here and it is due to economics that the majority of contemporary steel production has moved to other nations.  Throughout this evolution, the steel bible has been a repository of information, a reification of positivism, a tool of capitalism and an example that group work, using consensus and knowledge-building to make many material changes possible.
The first reference to The Making, Shaping and Treating of Steel as a “Bible” is in the preface to the 10th edition [1].  However, the comparison with the Bible most likely began when the 1st edition was published in 1919 – the volume was small, the soft cover was dark with rounded edges, and the thin paper had gold edges.  At first glance, The Making, Shaping and Treating of Steel resembles a bible (see Figure 1).  This was true from the 1st (1919) through the 4th (1925) editions.  The fact that this book on steel resembled a bible was probably not accidental: the context from which it emerged, in many ways, pointed to a repository of information that went beyond what had been done before and that pointed to a form of salvation.
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Figure 1. The Making, Shaping and Treating of Steel, 1925, 4th Edition
This paper will analyze the texts chronologically, since the shifts in content and style responded to shifts in changing methods of technology and technical communication.  My basic theory is that texts should be analyzed as part of the social environment in which they occurred; just as literature emerges from a literary milieu, these texts emerged from the social discourse environment surrounding the steel industry, first at Carnegie Steel, then at U.S. Steel and finally, as the steel industry migrated, through the auspices of the American Iron and Steel Technology (AIST) Foundation.  Further statements about my theory can be found in “Prediscursive etc.” [3].  Perhaps also cite Foucault [4].  In an analysis of the artifacts of this social discourse environment, we can see the social environment itself in some detail that is not possible otherwise.  Also, we can see one example of the evolution of technical communication in the 20th century.
Textually, it was static – except for the editions immediately after World War II and the final edition – the words on the page did not change from one edition to the next.  Physically, the book grows every year and every years there are more illustrations.  As the industry grew, the steel bible grew.  Each year it weighed more.  The sudden drop in the number of pages in the 7th (1957) edition is due to moving to a larger, two-column desktop reference format.
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Figure 2. A comparison of the number of pages (100s) and weight (lbs) of each edition

The conclusion of the introduction may be that, more then anything else, the only change that emerged from this evolution (where the text remained relatively static) was the increasing use of visual material.  Thus I will use a quote from Tufte: “To envision information – and what bright and splendid visions can result – is to work at the intersection of image, word, number, art” [p. 9].  With the complex knowledge transfer that we must use in our world today, words alone are not sufficient for conveying information.  This is clearly evident in the steel bible where each edition uses more and more graphics.
The Emergence of the Steel Bible
Carnegie Steel had a long-standing tradition of training managers from within the company itself [5].  Initially, the sales and management trainees were taught the various iron and steelmaking processes by taking tours of the factory floor.  However, since it is almost impossible to hear in an ironmaking facility, the processes and procedures were eventually written down, in a series of lectures that could be delivered in a classroom setting.  This history is noted in the prefaces to the first three editions in which the authors write “the method pursued in this work has been that of taking the students, under proper guidance, into the mills, where they obtain, first hand and individually, such information as they desire and are able to collect” [6].  Copies of the lectures were given to each student and, as the demand increased, Carnegie Steel decided to publish them.  Thus, The Making, Shaping and Treating of Steel was born.

The best evidence of the manner of the creation of the book can be found in the prefaces to each volume.  In the first three volumes, the authors state in the preface:

Our aim throughout has been to describe conditions and things as they are and to explain the causes for their being as they are, rather than to tell how they might be or how they ought to be.  To accomplish [this] purpose, we have been compelled to rely mainly upon our personal observation and experiences . . . .  We also desire to thank the superintendents and the many heads of departments of our various plants for the courtesies they have shown us and for the many bits of valuable information which they were ever ready to give.
Several
 of the later prefaces state that 1st edition appeared in 1919, in the form of hectographed notes and two other editions, the 2nd and the 3rd, were published in 1920 [7].  I have been unable to locate any versions of the hectographed notes, which may still reside in an archive, but, if so, are probably very faded, like the errata as seen in Figure 2.  The hectograph process is an earlier version of the mimeograph process.  It seems odd to call a collection of copied lectures an edition.  The first bound volume appeared in 1919 and it has no designation of edition.  The 2nd edition appeared in 1920, and it is correctly designated as the 2nd edition.  The 4th edition appeared in 1925, adding an entire new section on “The Manufacture of Steel Wire, Sheet Metal and Tubular Products.”  The 3rd edition is either so rare that I have not been able to find it, or it does not exist.  In the 4th (1925) edition, the preface states “The rapid march of progress in the iron and steel industry and the unexpectedly large demand for this book have made it necessary to issue four editions all within the comparatively brief period of six years,” and later editions repeat this history: 

The first edition appeared in 1919, in the form of hectographed notes intended for use in training courses sponsored by the company.  Two regularly printed and bound editions, enlarged by extensive revisions, followed in 1920 [7.5]
In each edition from then on, the authors refer to the hectographed notes as the first edition and then, after mentioning that two bound editions followed, create the assumption that those volumes were the 2rd and 3rd editions.  However, there is no 3rd edition, only a 2nd impression of the 2nd (1920) edition, which is exactly the same since the plates were used again.  Therefore, although the prefaces to the editions say that the 1st edition was the hectographed notes, I will refer to the 1919 volume as the 1st edition and I will omit reference to the 3rd edition.
These three or four editions are the first set – they were mainly text, with few illustrations, and they looked like bibles.  The next group, from 1940, 1951, and 1957, contained the largest number of content and format changes in the history of the book – these were the pivotal years.  The late editions, from 1964-1998, had reached a plateau of delivering information for a wide variety of people in the best possible manner.  They were mature technical communication.  Although the individual voice was gone, the books were rendered with attention to the user and contained as much material as possible to make the content understandable – graphs, pictures, diagrams, tables, etc.  Only the last edition differed in the photographs were largely dispensed with.
Thus, in tracing the history of the steel bible we can see the maturing of technical communication.  The printed word and the printed image made our way of life possible.  
The exact repetition of pictorial statements has had incalculable effects upon knowledge and thought, upon science and technology, of every kind.  It is hardly too much to say that since the invention of writing there has been no more important invention than that of the exactly repeatable pictorial statement [8].
One of the features of the steel bible in general is that it took the audience into account.  From the first editions, it was trying to correct any issued that had been raised by the readership.  In the preface to the 4th (1925) edition, the authors thank their readers and critics:

Their frank expressions have been a great aid in overcoming some of the shortcomings of the previous editions.  For example, the two chief faults found with the former editions were that some parts of the book were not adequately illustrated for readers who do not have the advantage of access to the mills, and that the scope of the work did not justify the title.

Add some more regarding this here.
The First Editions

The first editions are different from the others in several ways.  First of all, an authorial voice is very much present.  The didactic nature of the book is also evident from when it was lectures – at the introduction to many sections there is a “Plan of Study” section that tells the reader how the sections is written, why it is written that way, and suggest the best possible approach to the material.  The fact that this evolved from an education venture is very clear in all of the prefaces.  The authors aimed for clear writing so that the book will “prove of most value to those connected with the steel business, and not technically educated, who are really anxious to learn more about the wonderful industry in which they are engaged.”  There is also the voice of 19th century positivism in the aims of the volume, demonstrated in the sentence which follows: “For such as these, we have aimed to make this book at least a stepping stone to higher and better things” [9].
These editions are also mainly textual, and that is one way that they resemble the bible.  Although they do make use of tables, photos and illustrations, and although the use of photos increases from volume to volume, they are an adjunct to the textual description of the processes, rather than a consistently used tool to aid in understanding.
1st (1919) Edition
This interesting edition has errata printed into the front inner pages, next to the title page, and also a mimeographed errata glued in after binding.  Thus, correcting mistakes is the first impression you have of the book.  
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ERRATA

Per cent carbon in artificial graphite should read 88.20.

Formula for nonocosane should read Cz9Hégo.

Table should show CO as a combustible gas.

Correctly written thus—6CeH1005=7C02+3CH4+
14H20+C26H2002.

Rational formula for toluene should read CeHsCHa.

Reaction for the formation of benzidine should read—

CeHs- N CeH4NH2
I + SnCle+2HCI— | +8nCls.
CeHs-N CeHyNH2

Formula Al3O2 should read Al=Os.

.Formula SiO3 should read SiO2.

Second formula for orthosilicic acid should be

2(H20)2-SiOs.
Range in phosphorus content of high grade ferro
* manganese should read .10 to .30%.
Reaction should be CaC0O3=Ca0+COx:.
Should be 2Fe0+Si=Si0O2+2Fe.
Should be 2(FeO.Si02) +CO=Fe0-. (SiOz)2+CO2-+Fe.
Should be 3FeO+2A1=Al1203-3Fe.
209, should read 15%.
Should be Si+2Fe0=S8i02-2Fe.
Degrees should read 0, 30, 60, 90, etc.
P
The formula should be written H= e e
e 1)
57% ‘carbon should be .57% carbon.
Cooper Steel should be Copper steel.
289, carbon should be .289, carbon.
289, carbon should be .28, carbon.
The word also should be the last word in the line instead
of the first. |
The words 9, Gold and 9, Silver should be reversed.
Salt + Cryohydrate should read Ice -+ Cryohydrate, and
Ice -+ Cryohydrate should read Salt + Cryohydrate.
The words 9, Lead and 9, Tin should be reversed.
. 09 carbon should read .609, carbon.
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Figure 3. Title Page of The Making, Shaping and Treating of Steel, 1919, 1st Edition
The edition I had was well-used, broken in half and missing a cover.  I wonder how many of these remain.  It also had fingerprints and dirt.  It begins the tradition of minimal textual change – from here on, as we see the steel bibles develop, one of the most marked features is that there are additions rather than changes.
The copyright names Camp alone (Director of the Bureau of Instruction) and states the date as 1919.  The second edition’s copyright names the Carnegie Steel Company and 1920.  The 4th edition names all three.  I don’t know if this has any bearing on anything.

2nd (1920) Edition
This volume is essentially the same as the 1919 version except that the errata have been incorporated into the text and a small amount of text has been added.  It increased by only 10 pages, however, from 604 to 614.  The change in illustrations was negligible since, although some were added, more deleted.  This is the only time the number of illustrations in the volume decreased between editions.
The types of textual changes that occurred were substantive, done to give a fuller understanding of the processes of iron and steelmaking.  For example, under the section about operating a blast furnace, they add two steps to the process and remove two important steps that then became a section of their own, following that section.  The new section that they added was called “The Blast Furnace Burden” and it was an important, and chemically misunderstood, part of ironmaking.  Until the sophisticated chemical analyses of the 20th century, ironmakers judged the amount of ore, flux and fuel by experience and experimentation.  Judging the correct amounts “involves a great deal of try-work with different combinations of the materials that may be available” [10].  The addition in the 1920 volume added an aid for making decisions about how much of each raw material to use: it added the use of a form of technical communication, the burden sheet
.
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Figure 4. The burden sheet, a form of technical communication that was added to the, 2nd (1920) edition
Overall, the differences between the first and second editions were ones of minor alteration, addition and perfection.  It’s not surprising since these two editions occurred in such rapid succession of each other – within a year.
4th (1925) Edition
Between the 2nd (or 3rd) editions and the 4th addition, there were two major change: an entire section was added, “The Manufacture of Steel Wire, Sheet Metal and Tubular Products,” and the use of photos increased significantly – from 19 to 139 [11].  88 of these photos were in the new section.  There is an increasing dependency on using images to convey complex physical realities.  Most of these photos are pictures of the various plants.  Many were taken while the plant was in operation so they show the smoke and dirt of the operations and are somewhat foggy.  The photos in these early volumes are all poor quality – it may have been due to the paper, ink, or printing process.  Later the photographic quality and reproduction improves.
To reiterate, the early editions of the steel bible resembled a bible in feel and appearance: the cover and pages were soft and bendable, the edges gilt, the pages thin.  One can only imagine the feeling of the salesmen and other trainees who received this book – like a bible, it had hope for the future.  The hope was of a much different sort – material and financial prosperity and security – but hope it must have been.  And, at this early stage, we see that the steel bible does not undergo revisions; rather, it has additions.  Their aim, at this stage, was simple: “to tell the truth about things as we find them today” [12]. We can also see the beginning of a fuller use of visual material to help explain the physical reality of making iron and steel.

The Middle Editions 
First, it is no longer a bible-shaped book.  It’s an ordinary shaped book.  During this transitional period, they go from small to the larger size that they then stay with.  This is where the transition is made from individual authorship to group authorship.  And also these three volumes spanned a time when the steel industry grew rapidly, incorporating many technological improvements, and so the subject matter pretty much shifts in these volumes.
5th (1940) Edition
The 1940 edition was a bridge between the authored volume and anonymous group authorship.  This volume marks the end of an era (a kinder gentler time or just a less complex one?)
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Figure 5. Typical photos from 5th (1940) edition showing workers and their environment.
Increasingly, from, when new material is added it is illustrated generously with photographs.  The two photographs in Figure 4 are “View of charging side of furnace at tapping” [417] and “Mesta pickling machine in operation showing vapors rising toward the ventilator” [1190] from the 5th (1940) edition.  The tanks in the latter contain acid from 140 to 180 degrees.  Pickling is removing iron oxides from the surface.  These photographs, which were presumably taken at U. S. Steel sites, often have pictures of workers in them.  In this way their culture was documented
.  Often steam and smoke partially obscure the processes.  The interior of steel plants is often dark and this also probably affected the quality of the photographs.  With each edition, the clarity of the photographs improves.
Also, there is a section in this volume that is not repeated in the others – “Modern Steels and Special Processes – Ferrous Products Classified.”  They were trying to define “steel.”  In the next, 6th (1951) edition, under “Early Methods for Making Steel,” they write, “this term is generic rather than specific, so there are a great many varieties of steel” 371.  There was probably a long-standing belief that there was a certain formula for steel, and then they found out that there are infinite ways of creating it for different uses.  In trying to define steel, they were only defining their products.  The dictionary says a form of iron “artificially produced” that has more carbon than pig iron and less carbon than wrought iron.  So even the dictionary can’t do it well.  The OED says artificially produced alloys of iron
.
6th (1951) Edition
This volume is a pivotal one in the evolution of the steel bible.  Although in shape it resembles the earlier group (it is still small enough to be carried), this is the first volume that was authored by a group.  The passionate, metaphoric and literary introduction “Iron, the Master Metal” is gone.  Instead <br />this edition begins with a clear and concise description of the basic physical properties of iron and steel and the most common processing methods.  The volume is still attributed to Camp and Francis (“A Complete Revision Based on the Original Text by J. M. Camp and C. B. Francis”) but they specifically say “The present sixth edition is no longer the exclusive work of any specific authors.  It . . . represents the result of cooperative efforts of numerous authors, editors and reviewers, supervised by research personnel of the United States Steel Company.”  For the first time, the preface is unsigned.  Nonetheless, the content is still clearly the preview of the people: it says in the preface “The information contained in the book is a compilation of past and present practices in the iron and steel industry, as summarized by the numerous authors in the light of their personal opinions and beliefs based upon many years of individual practical experience.”
Overall, it is more professional than earlier editions.  Almost every page uses a graphic, photo, table or list to break up the space visually – whatever they can display visually, they do.  There
 are schematic diagrams in pull-out sheets that show the layout and parts of the plants supporting the different processes (open hearth, Bessemer, etc.).  Other major, significant changes: they have moved electricity up into physics [from ?] and done better drawings than the hand-done ones of the first volumes.  Also, they added a bibliography at the end of each chapter.  The hand-drawings of the processes of electricity have finally been made into clear line
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Figure 6. Drawings of the same subject from the 5th (1940) and 6th (1951) editions: “Lines of force in the current bearing helix” and “Magnetic field about a solenoid carrying a current.”

1940 p. 464 (“” in Electric Furnace Section) compared to 1951 p. 48 (“Magnetic field about a solenoid carrying a current” in Principles of Chemistry and Physics Section).  The layout is more user-friendly – instead of fitting as much text as possible on the pages, there is more space between the paragraphs and headings, bolding within paragraphs to call attention to important words (check this against 1940, I did this comparison between 1925 and 1951).  
Fuel section way up – starting to understand and use coke by-products, which is an industry itself, including fold-out schematic.  The iron ore section still only discusses US ore.  Also added a section on “Heating” facilities – about heat-treating furnaces.  They are starting to find out that heating and cooling is very important.  The index is blue and about twice the size of the last.
Overall, the table of contents is reorganized for the first time.  The separate sections that correspond roughly to making, shaping and treating (with the addition of specific products since the 4th (1925) edition) are now gone – there are 38 consecutive chapters that follow a different logic – making, shaping, products, treating and testing.  All the type of products (merchant iron, tubes and wire) are moved together and the technical and chemical specifics, in the heat treatment and alloys, are at the end, followed by testing.  Although this seems to be a small change, it opened the way for the volume to proceed more logically and add (and subtract) chapters as the technology changed.

This was published 6 years after WW II ended, in a time of prosperity and hope.  There’s a palatable energy in it.

7th (1957) Edition
This volume has become the large format book that is meant to be used as a reference.  It is too large and too heavy to carry easily.  The text went into two columns.  I don’t know why that is.  Bigger book, bigger pics, bigger fold-outs.  The larger format is a leap forward for the visuals.  In the 1925 edition, it never opens fully or lays flat and the space is too crowded to have extensive drawings.  Here they the photos are much clearer.  I think there is a shorter time span between these volumes and the next two because this was the full maturing of the industry before it went to other countries – its not, perhaps, that they knew more, but the industry was at its height here, very active, quite proud of itself.  It’s in this portion of time that they are aware that they are the biggest industry in America.  The union has won, the wages are high, and although there are ongoing battles, life is good.
Only 6 years after the 6th edition, says it’s “timely” in preface – perhaps people waiting for it.  They needed the new content.  This is the last edition that has underground mining  - it was removed from now on.  This is where chemistry and crystallography was finally understood.  

In this preface, they kept the policy of anonymity but list that “A total of approximately 200 individuals took part in this activity, their contributions ranging from authorship of entire chapters to extensive rewriting of existing material, supplying illustrative material and critically reviewing and editing the manuscript.”  This is a big, big change from Camp and Francis.  In this volume, history moves to the front, rather being spread throughout the book.  It is the first section from now on.  Coke production and the recovery of coal chemicals is broken out into separate chapters.  They also added “Scrap for Steelmaking” and I think that stays until the end (it became an important part of the process).  “Bessemer” becomes “The Pneumatic Steelmaking Processes.”  There are some new products added, like “The Manufacture of Tin Plate,” “Long Terne Sheets and Strip,” and “Production of Galvanized Sheet and Strip” (which, I think, disappear later).  They are re-organizing as to what they think is important in the industry.
Due to the larger size of the book, the image-to-page ratio jumped, but that’s a false indicator.  In fact, the number of new pictures slowed so that the number of words per image went up.  I don’t know if that’s important and what may account for it.  There is not a great deal of time in between these editions – 6 years – so it’s possible that they couldn’t produce more images as quickly as they could produce more text.   [show a graph, like Fig 9, here]
The Late Editions
8th (1964) Edition, 9th (1971) Edition
Overall, the publication of The Making, Shaping and Treating of Steel has become a systematized production where, every six or seven years, where the process, mentioned in the preface to the 9th (1971) edition outlines the responsibilities: “collecting information and illustrations, writing new material, updating former chapters, checking manuscripts for completeness and accuracy, and providing other necessary services.”  Not significantly different from 1957 or 1971 – there is only 7 years between the 1957 and 1964 and only 7 years between the 1964 and 1971.  They are producing these vary rapidly.  The
 staffs must have been large and well-oiled.  For the first time the illustrator is mentioned: “The majority of the art work was executed by Miss M. H. Snyder.”  

The preparation of the new addition was under the direction the Executive Vice President of Engineering and Research, and the Administrative Vice President of Research and Technology.  Harold E. McGannon is the editor in charge of the project.  In the 10th (1985) edition, he is described as being associated with the project for over 30 years, which means that he worked on the 6th (1957) edition and all of those going forward.  Authorial presence has come back and all of the contributors to the project are named.  In the 8th (1964) edition, 57 authors and 11 fact-checkers are named as well as a graphic artist, Miss M. H. Snyder and a proofreader, Miss H. E. Kaiser.  In the 9th (1971) edition, there is a total of 98 contributors (including all tasks) named.

Ores from outside the US (Canada, Mexico, South America, West Africa) are described for the first time in the eighth edition.  Changes occurring in the steel industry behind the scenes of this book that create textual changes are the emerging predominance of the electric furnace and blah blah.  Check historical material.
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Figure 7. Improving photographic technique “Wheel undergoing quenching of the rim by being rotated in a special machine designed so that only the rim of the wheel contacts the quenching medium” [733].

The drawings and photos in this volume are of high-quality and extremely clear.  The technology for creating photography and for printing was advancing
.  In the photograph in Figure 5, the photographer was able to capture a process in medias res, without having the steam and other effluviums cloud the image, as in Figure 4.

10th (1985) Edition
This is where the next big change occurs, and it is not a textual one.  During the production of this volume, U. S. Steel gave responsibility for publishing The Making, Shaping and Treating of Steel to the non-profit Association of Iron and Steel Engineers (AISE), who finished and published it.  This signifies that U. S. Steel is probably dead
, but it doesn’t say that anywhere in the text.
11th (1998, 1999) Edition
In this edition, AISE has become the Association for Iron and Steel Technology (AIST) and the AIST Foundation took over production and publication of the book.  The foundation is “dedicated to the advancement of the iron and steel industry of North America through training, publications, research, electronic resources and other related programs of benefit to the industry.”  It had to be a major revision due to the “massive changes in steel industry economics that had occurred during the 1980s and early 1990s.  These changes were occasioned by restructuring, downsizing, and wholesale implementation of new and improved technology.”  The non-profit foundation found leading experts in each field to oversee the publication of five planned volumes.  “These expert authors came from individual steel companies, the steel industry supplier base, and several universities with close association with the steel industry.  Thus, for the first time, The Making Shaping and Treating of Steel represents a broad and diverse view of steel technology as seen from various vantage points within industry and academe.”  These five projected volumes were:

Ironmaking Volume (1998)

Steelmaking and Refining Volume (1998)

Casting Volume (1999)

Flat Products Volume (2000)

Long Products Volume (2000)

Of the 5 projected volumes, only 3 were finished and one, the Casting Edition, was available in 2004 on CD-Rom only.
In all likelihood, there was little or no compensation for this project except honor, so this time not only do we have the authors listed, but there is a brief resume of each.  The editor of a volume has his picture in the front – this is the only portrait that has appeared in the 80 years of the series.

Still, the professional technical communication has come of age.  Professionalism fully integrated within industry.  It is a true collection of knowledge, citing its sources
.  The typesetting is computerized with outline-numbered sections – there are fewer words on each page and they are much easier to read.  The graphs and equations are much clearer than in previous editions and there are pages and pages of references for each chapter.  The equations are numbered in the right margin as seen in Figure 7.
[image: image10.jpg]Fundamentals of Iron and Steelmaking

2.5.3 Iron Oxide in Slags

Iron oxide dissolves in slags in two valency states: divalent iron cations Fe?* and trivalent iron
cations Fe3*. The ratio Fe3*/ Fe?* depends on temperature, oxygen potential and slag composition;
this is discussed later in this section. In the formulation of the equilibrium constants of slag-metal
reactions and the thermodynamic activities of oxides in slags, the total iron dissolved in the slag as
oxides is usually converted to the stoichiometric formula FeO and denoted by Fe,O, thus

%Fe O = %FeO (analyzed) + 0.9 x %Fe,0; (analyzed) (2.5.11)
or
%Fe,O = 1.286 x %Fe (total as oxides) (2.5.12)

For the ease of understanding, the subscript ¢ will be omitted in all the subsequent equations and
diagrams.

254 Selected Ternary and Quaternary Oxide Systems

Most steelmaking slags consist primarily of CaO, MgO, SiO, and FeO. In low-phosphorus steel-
making practices, the total concentration of these oxides in liquid slags is in the range 88 to 92%.
Therefore, the simplest type of steelmaking slag to be considered is the quaternary system
CaO-MgO-SiO,—FeO.

First let us consider the ternary system CaO-SiO,~FeO; the liquidus isotherms of this system is

shown in Fig. 2.53. The isothermal section of the composition diagram in Fig. 2.54 shows the phase
equilibria at 1600°C.
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Figure 8. An example of a page with numbered headings, an equation and an illustration from the 11th (1998) edition published by the AIST Foundation
[again here the picture seems abstract, and not so clear.  Maybe they are trying to look like they are doing science?  The equation is clearer than the image.]
The references are in IEEE style and international in scope.  They consist of conference and symposium proceedings, transaction, personal communication, and addresses in addition to books and articles.  There are also many tables used to hold information and, for the first time, they are shaded to set them apart from the rest of the text.  These tables use space to add categorical information to the interpretation of the text.  They make it easier to read and grasp the understanding.  The number of tables increased.  Overall, the information in tables is just information laid out differently for easier reading.  The 11th edition is more visually sophisticated than the others – it makes the material more accessible to the user.   [specifics?]
Analysis
My conclusion that the text didn’t change until the subject matter changed.  Much
 of the text repeated verbatim from volume to volume, and any addition were at the end of a paragraph or section (this probably had something to do with typesetting).  Text did not change until the content changed: it stays in stasis until pushed by a force.  The style changed, but minor – from first-person authorial to corporate.  Reiterations with small changes.  If, in a textual analysis, more is included than the structure of sentences reading left to right on a page, the biggest change in the methods of organization of text was the increasing amount of quantitative information displayed in tables, rather than qualitative information in a narrative.  

There were three types of textual changes.  There were deletions of entire sections, that mostly took place between the 5th (1940) and 7th (1957) editions; there were additions of new material and sections, according to what was currently important in the steel industry; and there was restructuring of the contents.  An example of the first is the underground mining section, an example of the second is the addition of iron ores from other countries and an example of the last is moving the section about basic electricity from the section on electrical furnaces to the first section on basic physics and chemistry.  Other changes are the growth of sections as the technology in that part of the industry grew – for instance, the importance of coke by-products, electric furnaces, heat treatment and alloys.  

Stylistically, the author’s voice was eventually edited out.  In the early editions, the authors act as real people narrating, as best they can, the processes in a complex industry.  Then the author’s voice was still didactic, and many sections were introduced with a “plan of study.”  The major change in voice occurred in the 6th (1951) edition, after Francis was no longer the author and a group authored it, and it finished by the 11th edition in which, although the authors themselves sign the chapters and have bios., the voice is cool, stylized, mathematical.  Symbolic.
Visually, the steel bible showed an increasing use of all visuals throughout its development.  With each edition they grew in number and sophistication.  The sudden decline in the 11th edition, especially in the number of photos, was probably due to the change in agency – U. S. Steel, a living, breathing industry, was no longer behind the project.  Instead it was a foundation with limited resources.  Moreover, there were fewer plants in which to take photographs in the United States.
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Figure 9. A comparison of the number of figures (illustrations) and photos in each edition
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Figure 10. A comparison of ratios of the number of images to the number of pages.
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Figure 11. A comparison of the number of words to the number of images.
[regarding fig 11 – this is very good.  To make it slope up like fig 10, maybe switch to images per word, or images per thousand words if you wish to avoid fractions.  Again I’d like to see the experiment of using years on the horiz axis.]
The first of these graphs represents an actual ratio, the percentage of images in relation to the number of pages.  However, since there is a sudden increase in page size in the 7th (1957) edition when they moved to the large format, the illustration-to-page ratio leap does not represent a real increase in the overall number of images.  Therefore, I also calculated the number of words per image to correct for that aberration.  In it, we see the opposite – the number of words per image increases in the 7th edition.  However, in both, it is clear that, as the editions evolved and developed, they used more and more images and fewer and fewer words.
Conclusions 
These texts have been part of the working stream of life, and have never been subject to critical examination.  The book begins with these words, quoted at length to illustrate the literary passion that was present in the early volumes:

Iron, the Master Metal:  In beginning this rather brief study of the metallurgy of the most important metal of a metallic age, it is difficult to refrain from pointing out a few of the qualities that have made iron the master metal, although its importance really needs no comment here.  A little reflection shows it to be as vital to modern civilization as air and water are to life; and it has become so common that, like air and water, its true importance is lost sight of by most people, who look upon its abundance as a matter of course and value it accordingly.  No other one metal has contributed so much to the welfare and comfort of man.  There is scarcely an article used in our daily lives that has not been produced from iron or by means of it.  Consider bread as an example.  Plows made of iron turn the soil, harrows of iron level it, and drills of iron sow the seed; machines of iron harvest the wheat and thrash it; rolls of iron crush the grain to separate the flour; engines of iron bring the flour to our homes, where it is made into dough in iron pans and baked in an iron stove; finally the bread is sliced from the loaf with an iron knife, and served to us at a table made with iron tools [2].   [great stuff.  This kind of account is what makes iron and steel interesting to me; like semiconductors, they’re built into a zillion economic processes so an improvement in the basic technology can have deep widespread effects.]
If iron is a metaphor for an element of human life that is so common that it is frequently unnoticed, it is also a metaphor for technical communication, which, like iron and like bread, is so elemental a part of contemporary human life that we rarely notice it.  It is a reification of the industry – it fixes in time the actions, processes, activities, techniques that never stop changing.  It’s a testament.  They were proud of it and had every right to be.  It’s magnificent – it captures complex human industrial processes.  Knowledge is fluid.  This series did a good job of capturing it for awhile.

A big change happened in the 18th to 20th century, one so big we can’t even see yet.  People started to become very, very smart and developed increasingly sophisticated tools to make their environments better.  This book, an expression of knowledge and knowledge sharing, is part of that transformation that is so immense we can’t see it.  It was almost home-grown – it emerged form the words of the workers on the factory floor and it shows pictures of the workers throughout.  It grew from the people who were doing the manufacturing.  It was popular and functioned well throughout its life.  It changed as the times changed and as knowledge changed and now it may no longer be an important set of knowledge in the U. S., but basically it is the sum total expression of human knowledge on an important human enterprise – making iron and steel – and in that it is an expression of the ingenuity of human group work and of the human mind.
This increased complexity of knowledge needs to be communicated by as many routes as possible, and thus, as the editions evolved, each included more images.  This series of editions shows that visual information is an extremely important way that we communicated technical information.
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Direct reprint requests to:
�Excellent graph.  It might give even more information if years were on the horizontal axis.  Then we might get a sense of how many pages were changing per year in retrospect.  The editions can be left implicit by our knowledge that a data point only appears when there is a new edition


�I found this next two pages too long.   Maybe just lay out the likely history of it and note in passing that you have no records of the hecto-notes or the 3rd edition.   Make any discussion of your struggles with libraries and ambiguities brief.   I felt the rest of the detail belongs later when you are really discussing each edition one by one. 


�Please define “burden”.


�I took out “lost” because the people doing the documentation weren’t thinking of it as lost, or thinking mainly of later contexts in which it might be lost/


�The question of how to define steel turns out to be a great topic of its own with a long history.  Misa’s book did great on this, based on TAIME in the 1870s.  I summarized it in my paper at � HYPERLINK "http://econterms.net/pbmeyer/research/pdf/steel_uncertainty.pdf" ��http://econterms.net/pbmeyer/research/pdf/steel_uncertainty.pdf�, pp 16 and 17.   I have a 1913 metallurgy text that says something funny about it too, quoted in my section.  It’s all juicier than one might expect.


�It strikes me as peculiar to say “more professional” then focus on its appearance not its content.  Maybe make explicit that you mean the *presentation* meets modern visual standards better.  Whether it is more professional in some sense related to actual iron work is also worth mentioning, separately.


�EXCELLENT.   Good pictures here.  Note that the new diagram is much less clear.  The third dimension is ambiguous in the later one but clear in the first one.  So this is an ideal place to discuss their choice dimensions.  What DID motivate this change?  Do we have any record of the discussion of that?


�“very rapidly” . . . . an odd comment, I thought.  It’s not so rapid.  The technology existed to make much more frequent editions.  Didn’t phone books come out much more regularly?  So the difference here is how many were needed?  How up to date did they have to be?


�It’s not clear from the evidence presented that photo and printing technology was advancing, or that its advance is relevant here.  Maybe they just used better equipment of a kind that previously existed.  Do you know for a fact that they were using top equipment, before?  Or that it’s cheaper or easier to use in the later years?   Maybe there was a constraint during the war.  


�Clarify somewhere the key dates in the history of US Steel.  Is it dead at this point, or not?


�Not “all of” its sources.  That sounds impossible.


�I took out “conservative” because it seems to anthropomorphize the text.   But the actors are the writers and editors.  Let’s hear about them, what they wanted, and tried to do.
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