Guide to the Data Sheet system for ArcelorMittal Steel Products

INTRODUCTION

The purpose of this guide is to explain how to use the Data Sheet System.  The guide is aimed at purchasers, manufacturers, marketers, consumers and any other customers who require technical information on the ArcelorMittal product range.

For the commercially orientated customer with only a limited knowledge of technical matters, the guide includes a layman's directory of some of the terms encountered in the data sheets.  This is in response to regular requests received from customers who wish to further their knowledge of the products.

COMPANY INFORMATION

ArcelorMittal Limited has two steel manufacturing business units:

Flat Steel Products
Vanderbijlpark Works & Saldanha
Long Steel Products
Vereeniging and Newcastle Works

Vanderbijlpark Works produces approximately 3,2 million tons of liquid steel annually.

The current product range of Vanderbijlpark Works consists of a variety of flat steel products including plate, hot rolled strip, cold rolled sheet, electro-galvanised sheet, tinplate, hot dip galvanised sheet and colour coated sheet, all of which are available in a wide variety of sizes and specifications.

DEFINITION

A data sheet describes the technical attributes of a specific 'standard product' range, or a range of ‘standard products’.  For example, it may give the availability and properties of a product in terms of a steel specification, or the dimensional tolerances for a whole range of products.

The intention is to make the technical product information needed readily available and understandable.  Commercial information on the material described is found in the price lists, reference numbers for which are supplied in the data sheets.

FORMAT

A standard format is used for all the data sheets, irrespective of the product.

A vertical coloured margin on the right-hand side of the front page describes the contents of the data sheet.  It names the product group, its attributes and, where necessary, the specification of the material.  It also contains a data sheet file reference number and the relevant price list reference number at the bottom of the page.
The vertical coloured margin on the left-hand side of the last page provides contact details for additional information and the effective date of the data sheet.
The remainder of the document contains technical information.

CONTENTS

The layout of the contents is generally standardised, with minor variations relevant to the specific product.

A brief, general introduction to the product is usually followed by a description of the plant or production facility used to manufacture it.

The availability of the product is then discussed in terms of specifications, grades, sizes etc, followed by the properties of the grades listed.

The remainder of the text covers whatever is applicable to the specific material.  This could include weldability, weather resistance, surface finish, dimensional tolerances etc.

Reference is frequently made to other data sheets, particularly for common attributes such as availability of sizes and rolling tolerances.

Data sheets are reviewed periodically to ensure that their contents are current.  Any changes in availability or manufacturing practice at the various centres will be reflected in updated revisions, issued from time to time.
GENERAL

Although the data sheets cater for what is considered to be the current standard product range at the time, it must be noted that not all the standard products are equally readily available.  ArcelorMittal will generally manufacture against an order for a certain minimum tonnage only.  Steel merchants will mostly stock, in any appreciable quantities, only those products that are in constant demand.  It is always advisable therefore to check availability and delivery with the marketing representative or the merchant and not assume that a certain product can be obtained at short notice.  This applies to the sophisticated steel types such as certain pressure vessel steels and wear resistant steels in particular for which there is only an intermittent demand.

Material not included in the data sheets is classed as 'non-standard'.  Such products are seldom in demand, but can probably be sourced if there is sufficient demand.  Enquiries for 'non-standard' products will be entertained via the enquiry system.  Acceptance will, however, depend upon the quantity required and the ability to meet the specified requirements.

The classification of standard or non-standard products may change in line with the prevailing market demands.  Revision of the data sheets will include such changes.

HOW IT WORKS

An index of the data sheets appears at the end of this guide, listing the contents, relevant reference number (e.g. Plate and Strip to SABS 1431: 1987, file reference A3.3) and relevant Price List number.

The following list indicates the reference numbers used for each of the product groups at ArcelorMittal Flat Steel Products, Vanderbijlpark Works:

· Hot rolled plate and strip (reference numbers starting with 'A').

· Cold rolled sheet (reference numbers starting with 'B').

· Electro Galvanised sheet (reference numbers starting with ‘EG’).

· Hot-dip galvanised sheet, colour coated products and tinplate (reference numbers starting with 'C').

By this means the data sheet relevant to a particular product can easily be identified.

AVAILABLITY OF DATA SHEETS

Data sheets are readily available free of charge upon request.  They can be posted, faxed, collected personally or viewed on the internet.

Data sheets for specific products can be obtained from the responsible person at the centre where that product is manufactured.  (A list of contacts is given at the end of this section.)

Many customer requirements are of a specific nature and one or two relevant data sheets supplied on request will be sufficient.  Other users such as account managers and merchants need current data sheets for the whole product range.  In such cases, a complete set of data sheets can be supplied, including revisions when they are issued.  Customers who wish to be placed on a regular mailing list for revisions should apply to the relevant centre.

CONTACT TELEPHONE NUMBERS FOR DISTRIBUTION OF DATA SHEETS

	Flat Steel Products, Vanderbijlpark Works
	Tel. 0800 005043


FREQUENTLY ASKED QUESTIONS

Data sheets are compiled by metallurgists and engineers and it is inevitable that some technical terms, abbreviations and symbols used in the text, may not be familiar to non-technical end-users.

Although some of these terms are explained in the data sheets, many are not, and the following directory has been included to give a brief explanation of such terms.

The contents of the directory are in alphabetical order, with terms highlighted within the text also being referenced.

For more detailed explanations, the contact person reflected on the data sheet should be contacted.

DIRECTORY OF TECHNICAL TERMS

A

ABS

American Bureau of Shipping.

Ageing or age hardening

A term applied to changes in physical and mechanical properties of low carbon steel that occur with the passage of time.  Material that has been temper rolled to prevent its susceptibility to stretcher strain and fluting will be subject to this phenomenon (unless it has been stabilised) and will tend to lose ductility while gaining hardness and return of yield point.  Such steel should be fabricated as soon as possible after temper rolling.

AISI

American Iron and Steel Institute

Al

Aluminium.  Used as a deoxidiser and as a grain refiner in steel manufacturing and in the production of stabilised steel to prevent ageing.

Annealing

This is a heat treatment process consisting of heating cold reduced steel in a protective atmosphere in order to soften the material by causing recrystallisation of the previously cold worked microstructure.  After holding at the annealing temperature for sufficient time to ensure that the heat has penetrated throughout the material, it is allowed to cool very slowly to ambient temperature.

The process enables steel which was previously hard and brittle with an elongated grain structure to become ductile and workable with a uniform, recrystallised grain structure.

At ArcelorMittal, annealing can be carried out on continuous annealing lines, where the strip is decoiled, annealed and recoiled, or in batch annealers where the coils are annealed in coil form.  The choice of routes depends on metallurgical and production factors beyond the scope of this directory.

ASTM

American Society for Testing and Materials

Austempering

This is a heat treatment process which entails heating high carbon and/or alloyed steel above the austenitising temperature, then rapidly cooling or quenching it to an intermediate temperature lower than the pearlite transformation temperature, but higher than the martensite transformation temperature and holding it at this temperature until transformation is complete, before allowing it to cool to ambient temperature.  For this purpose, a quenching medium is required which has a heat extraction capacity that is high enough to prevent the formation of high temperature transformation products.

Austempering is used to obtain a microstructure corresponding to that of low temperature transformation products, which results in a favourable combination of high strength and toughness.

Austenite

A solid solution of carbon in iron which exists above a critical temperature which varies with carbon content (eg above 900(C for 0,03% carbon).

Austenitising

This process involves heating the steel to a temperature where it becomes fully austenitic, i.e. with all the carbon in solid solution.

B

B

Boron.  Added to ROQ-tuf® and ROQ-last® steels in a range of 0,001% to 0,005%, to increase the hardenability of the steel, which would otherwise be obtained by larger additions of scarcer elements such as Molybdenum.  Also added to other steels to produce various desired metallurgical properties.

Bend test

A means of evaluating ductility, by bending a test piece of specified dimensions over a former or mandrel of specified diameter through a specified minimum angle of deflection without fracture or any signs of cracking.  The diameter and the angle can be varied with the carbon content and the mode of manufacture.
Brinell hardness

The Brinell test for determining the hardness of metallic materials comprises applying a known load to the surface of the material to be tested by means of a hardened steel ball of known diameter.  The diameter (or depth) of the resulting permanent impression in the metal is measured.  The Brinell hardness number is derived from the quotient of the applied load and the surface area of the impression, which is assumed to be spherical.  In practice, standard tables give the hardness values for the different impression diameters.
BS

British Standard issued by the British Standards Institution (BSI).
BSI

The British Standards Institution fulfils the same function in the United Kingdom as does the South African Bureau of Standards (SABS) in South Africa.
BS EN

A British Standard which has been adopted from a European Standard.  (See EN).

C

C

Carbon.  An essential constituent of steel, being the principal hardening element.  Tensile strength in the as rolled condition increases as the carbon increases up to about 0,85% carbon.  Ductility and weldability decrease with increasing carbon content.

Ca

Calcium.  Used as an addition, in the molten stage, to steel which require a high degree of formability such as the SUPRAFORM® TM range.  It serves to reduce the sulphur content to very low values and also to effect inclusion shape control rendering inclusions less angular and therefore less likely to promote cracking in the parent steel.
CE

Carbon Equivalent.  The carbon content of a steel is indicative of its weldability: the higher the carbon content, the poorer the weldability.  The carbon equivalent considers the effect on weldability of other elements found in carbon steel and converts the concentrations of these elements into an equivalent quantity of carbon.  This enables the actual analysis of a steel to be used in a formula indicative of weldability.

Various formulae are used, a common one being: 

                CE         =      C      +       Mn         +         Cr  +  Mo  +  V         +       Cu  +  Ni
                                                        6                                   5                                    15     

If weldability is of prime importance, steels are sometimes ordered and supplied to maximum specified carbon equivalents, which for a structural steel such as SABS 1431 Grade 300WA would be 0,43% (calculated on ladle analysis).

Cementite

A compound of iron and carbon which exists in a ferrite matrix in carbon steels.

CLA

Centre Line Average.  This is a measure of the roughness of the surface of steel strip.  High power magnification of a cross-section through the surface of a steel strip reveals a structure of peaks and valleys.  The CLA is half the average distance in microns between the peaks and valleys.  The higher the CLA, the rougher the surface (cf PPI).

Coil breaks

Coil breaks are creases or ridges which appear as roughly parallel lines, transverse to the rolling direction, and generally extend across the width of the strip.  Coil breaks generally arise during uncontrolled bending of low carbon steel in the untempered condition.  Coil breaks are not detrimental to the structural properties of the steel.
Commercial steels

Commercial steels are general purpose steels where there are no, or few, specific requirements relating to mechanical properties and often no indication of chemical limits.  Commercial steel plate and strip are suitable for general engineering applications where moderate forming, bending and drawing are involved, but are not recommended for severe drawing applications or structural applications where the mechanical properties of the steel are of paramount importance.

The chemical analyses given in the data sheets for Commercial Quality are those of ArcelorMittal's products and are not taken from any specific standard.  If required, commercial steels may be ordered to specified chemical analyses such as certain SAE/AISI standards.

Cr

Chromium.  Chromium is generally added to steel to increase hardenability, improve abrasion resistance in high carbon compositions, improve high temperature strength and to increase resistance to corrosion and oxidation.
Cu

Copper.  Copper is added to carbon steels in small quantities to improve resistance to atmospheric corrosion.  COR-TEN steels, for example, contain between 0,25% and 0,55% copper.  These levels also contribute to strength.

D

Decarburisation

As usually understood, decarburisation is the superficial removal of carbon from solid steel by oxidation during annealing, reheating before processing etc.  It can be avoided by the use of a controlled non-oxidising atmosphere.
DIN

Deutsches Institut fur Normung  (German Standards Institute).

Drawability and Drawing

Refer to r-value

Dry temper rolling

Refer to temper rolling (cold rolled sheet)

Ductility

This is the quality possessed by steels which show considerable plastic deformation before fracture.  Ductility is measured by the percentage elongation or reduction of area before fracture in a tensile test, or by the angular deflection before fracture in a bend test.
E

EN

A European Standard.  EN standards are superseding many national standards used by the European Economic Community in the cause of international standardisation.  For example, BS 4360 is being replaced by BS EN 10 025.
EN was also used in wartime Britain in the British steel specification BS 970 to describe a series of steel grades.  EN stood for Emergency Number and although obsolete the EN designations are still in common use today.
Erichsen cup test

The Erichsen test is one of a number of so-called "cupping" tests developed for the purpose of measuring the ductility of sheet metal under conditions where the sheet is stretched in all directions simultaneously.

The test consists of forcing a polished steel ball or cone, mounted on a plunger, against the flat surface of a test piece clamped firmly between two rings or dies.

The surface stretches into the form of a cup until the metal fractures.

The end point of the test is detected visually and the depth of the cup is measured in millimetres.  The Erichsen test provides a quick indication of ductility and some indication of the surface condition to be expected after drawing by the degree of roughness or coarseness developed on the cup during the cupping test.
F

Ferrite

The main phase in low carbon steels and consists of almost pure iron.

Fluting

Fluting is a series of sharp, roughly parallel kinks or creases occurring in the material when hot or cold rolled strip is formed cylindrically.

G

Gauge length

This is the original length of that portion of a tensile test piece over which the strain (or change in length or elongation) is measured during testing.  The gauge length varies depending on the specification.
H

H

Hydrogen.  Under certain conditions hydrogen can be absorbed into liquid steel during the steel making process and if present in sufficient amounts, say about 0,0005%, could have an embrittling effect on the solidified steel.
The problem can be minimised by using low hydrogen steel making procedures, or by the use of degassing processes before casting, to lower the hydrogen content to acceptable levels.

Hydrogen will slowly diffuse out of solid steel at room temperatures and at a faster rate at slightly elevated temperatures.  The larger the section size, the longer the time required for the diffusion of hydrogen to the surface.

Hydrogen embrittlement is a particular hazard to be aware of during welding operations, hence the emphasis on the use of low-hydrogen welding procedures to avoid cracking in the heat affected zone.
Hardenability

The hardenability of a steel is a measure of the depth of hardening or to the size of piece which can be hardened under given cooling conditions.  It is determined by the chemical composition.  The alloy content must be increased with increasing plate thickness to obtain the required hardenability.  
Hardness

Hardness can be defined as "that quality of a material by virtue of which it resists the local displacement or removal of portions of its substance" or "the ability of a material to support severe loads, resist wear, and so forth".  Simply put, hardness is “the resistance to abrasion, scratching and indentation''.

Hardness is generally measured by relating the depth of penetration of a standard penetrator, eg a steel ball or a pyramid-shaped diamond tip, pressed against the surface of the material being tested with a known force.

Various hardness testing systems are available, those in common use being the Brinell Hardness and Rockwell Hardness tests.  There is a relationship between hardness values and tensile strengths, which has enabled various conversion tables to be produced.  These are excellent for comparative indications, but no substitute for actual tests.
Heat treatment

A combination of heating and cooling operations applied to a metal or alloy in the solid state to obtain desired conditions or properties.  Common heat treatments carried out at ArcelorMittal are normalising, annealing, austempering and quenching and tempering.  Heating for the sole purpose of hot working is excluded from the meaning of this definition.

Hot rolling

Hot rolling or hot working is the mechanical working of a metal above its recrystallisation temperature.  For carbon steel with a carbon content in the region of  0,10%, the typical hot rolling temperature range would be roughly between 900ºC and 1100ºC.

I

Impact test

This consists of breaking  a standard notched test-bar, supported either as a cantilever (Izod Test) or a beam (Charpy Test), by means of a bending stress applied by a single blow from a calibrated pendulum.  The purpose of the test is to determine the resistance of a material to fracture in a region where a high local stress concentration is produced at a discontinuity.  The purpose of the notch is to develop that high local stress.  The notch toughness of the material is expressed in terms of the energy absorbed in the fracture.
L

Lüder’s Lines

Refer to stabilised steel and stretcher strain.

M

Martensite
Martensite is the transformation product of austenite obtained when steels are quenched from the austenitising temperature at a sufficiently rapid rate to suppress the normal transformation from austenite to pearlite and ferrite.  It is extremely hard (Brinell Hardness up to 800) and is generally tempered to restore some degree of softness and to reduce its brittleness.

Mill edge

This refers to hot rolled coils directly after hot rolling with edges untrimmed.

Mn

Manganese.  Contributes to strength and hardness when added to steels, but to a slighter degree than carbon.  Increasing the manganese content also decreases weldability, but to a lesser extent than carbon.

Mo

Molybdenum.  Used chiefly as an alloying element in steel to increase strength, elevated temperature strength, hardness and hardenability.

N

N

Nitrogen.  Excessive levels in low carbon steel sheet can cause ageing.  Nitrogen content therefore needs to be controlled carefully in steel making.  Nitrogen may be added intentionally together with certain alloying elements as a strengthening mechanism.
Nb

Niobium, called columbium in the USA.  Used typically as an addition to high strength low alloy steels such as the Supraform® TM range.  The high strength in such micro-alloy steels is obtained from precipitation hardening by niobium carbonitrides and carefully controlling the rolling parameters during hot rolling.
Ni

Nickel.  Used for improved toughness in steel and to a lesser extent to increase strength.
Notch toughness

Refer to impact test.
Normalising

Normalising heat treatment entails the uniform heating of the steel to above the austenitising temperature to obtain complete transformation to austenite (austenitising), soaking at this temperature until the component has a uniform temperature throughout, followed by cooling in still air, with adequate free circulation of air to ensure uniform cooling.

Normalising results in grain refinement and a homogeneous structure with uniform mechanical properties.

The normalising temperature depends on the steel chemistry.  The holding time is determined by the size of the heat treatment component.  Normalising cycles and the resulting steel properties may vary considerably with the steel chemistry, part size, furnace conditions and cooling facilities.  A metallurgist and/or heat treatment guide should be consulted.

O

Oiling

Oiling is usually intended as a temporary protection against oxidation.  The types of oils normally used are specifically formulated for corrosion prevention and cleanability.  They are not intended to be used as drawing lubricants, but are compatible with standard drawing lubricants.
P

P

Phosphorus.  In steels it is normally an undesirable impurity and kept below a specified maximum.  Phosphorus progressively reduces toughness, ductility and impact resistance particularly in higher carbon steels that are quenched and tempered.  Phosphorous is intentionally added to certain products for strength.
PPI

Peaks per inch.  Another measure of the surface roughness of steel strip (cf CLA).  It describes the number of peaks measured in a certain length.

Passivation

A chromate treatment applied to tin and zinc coated sheet to inhibit oxidation of the surface.

Pearlite

The name given to a constituent found in the microstructure of carbon steels, consisting of a lamellar structure of ferrite and cementite, resembling mother of pearl in appearance.

Pickling

Hydrochloric acid pickling of hot rolled steel strip is carried out to remove the oxide or scale layer formed during rolling.  The hot rolled steel strip is passed through a series of heated acid pickling baths and then rinsed in water to remove the acid.  The clean strip is then coated with oil to protect the reactive surface against atmospheric corrosion.

Precipitation hardening

In high strength low alloy (HSLA) steels such as the Supraform® TM range of products, small quantities of certain alloying elements such as vanadium, titanium and niobium, are added to the steel to promote precipitation hardening and strengthening.  These alloys react with carbon and nitrogen in the steel to form carbides, nitrides and carbonitrides which, by careful choice of processing variables, precipitate during rolling, contributing to increased strength.
Proof stress

The stress which, when applied to a tensile test piece for a specified period, has caused a permanent extension equal to a specified percentage, e.g., 0,1; 0,2; or 0,5 per cent of the gauge length.  This test is often used for steels that do not show a clear yield point.

Q

Quenching

Quenching is a hardening heat treatment process that entails the rapid cooling of steel from the austenitising temperature to that of a quenching medium, such as water, brine or oil.  If the carbon content of the steel is higher than 0,50%, oil quenching only is recommended.  The quenching process ensures that the maximum hardness of the steel is obtained by transformation to a low temperature transformation product such as bainite or martensite.  The high strength and hardness are accompanied by low ductility and toughness.

R

r-value

Also known as the plastic strain ratio or the Lankford Value.  It is the ratio of the strains occurring in the width and thickness directions measured in a single tension test.  It is indirectly, therefore, the ratio of strengths in the plane and thickness directions in a steel sheet.

A steel sheet with an r-value of one will have equal strengths in the plane and thickness directions and will be more suited to stretch forming operations since the material will flow evenly in all directions.

A steel sheet with an r-value greater than one will have higher strength in the thickness direction than in the plane of the sheet and will, therefore, be more resistant to thinning during deformation.  Such a steel would be more suited to drawing operations.

Bar r

The r-value in a sheet will vary depending on the direction in which the tensile specimen is taken, ie at 0°, 90° or 45° to the rolling direction.  The normal way in which the r-value is quoted, therefore, is as the average r-value in all directions in the sheet and is designated bar r.
( r

This is a measure of the difference in r-value in the various directions in the sheet.  The higher the value, the more a drawn cup will tend to exhibit the well-known earing effect.

Reversing mill

A rolling mill, in which the cross sectional area of the material being rolled is reduced by forward and backward passes between the work rolls while the roll gap is progressively made smaller.  At Vanderbijlpark Works, there are two reversing mills, one (the Plate Mill) which produces plates from continuously cast slabs and the other (the Roughing Mill) which rolls slabs into transfer bars prior to them being finished at the Hot Strip Mill.
Rockwell hardness

This test measures hardness on a series of scales by determining the depth of penetration of a penetrator into the specimen under certain conditions.  The hardness value as read from the dial of the machine, is an arbitrary number which is related to the depth of indentation.  The higher the number for a given scale, the harder the material under test.  For hard material such as high carbon steels, the Rockwell C scale is used.  The Rockwell B scale is normally used for low and medium carbon steels while, for very thin material like tinplate, the Rockwell 30T scale is used.

S

S

Sulphur.  Sulphur is normally an undesirable element in steel, usually kept below 0,03%.  It decreases formability and weldability and is detrimental to surface quality.  High sulphur contents, sometimes up to 0,30%, are used in free cutting engineering steels, machinability being promoted by the presence of manganese sulphide inclusions without prejudice to mechanical properties.
SAE

Society of Automotive Engineers.

SABS

South African Bureau of Standards.
Sandelin Effect

In selecting steel for hot-dip galvanising applications, it is important to pay attention to the silicon content of the steel.  Between approximately 0,05% and 0,12% silicon, the reactivity of silicon with the zinc coating is very high, resulting in a thick coating with a dull appearance which tends to flake easily.  This is known as the Sandelin Effect.  At silicon contents higher than 0,25% this reactivity becomes significant again.  In order therefore to obtain a good hot-dip galvanised finish, the silicon content of the steel should be restricted to 0,03% maximum.  Alternatively, a silicon content in the range 0,12% to 0,25% should also be suitable.

Scale

Oxide layer (refer to pickling).

Si

Silicon.  One of the principal deoxidisers used in steel making.  It may be added in controlled quantities to improve strength and ductility in hot rolled plate and strip.  Silicon levels may be restricted to low levels in the above products if hot-dip galvanising is to be performed (refer to Sandelin Effect).  In cold rolled products, silicon is normally kept as low as possible except for electric motor grade steels where high silicon imparts desirable magnetic properties.

Side trimming

An operation by which the edges of hot rolled and cold rolled strip are removed by rotary trimming blades, resulting in close control of strip width.

Skin passing

Another term for temper rolling.

Stabilised steel

Non-stabilised steels, as normally produced, age after a period of time, leading to possible increased hardness, stretcher strain or Lüder’s Lines when the material is deformed as well as reduced ductility.  It is therefore essential that the period between final processing at the mill and fabrication be kept to a minimum.  Stabilised steels are produced to special requirements at the steel plant, aluminium being added to reduce ageing.
Strain

A change in form produced in a body by the action of an external force or load.  When force is applied in a tensile test, the increase in gauge length divided by the original gauge length gives the unit strain at any instant.

Stress

Stress is the force per unit area applied during the deformation of material, for example in the tensile testing of steel strip, normally expressed in kilograms per square millimetre (kg/mm²) or megapascals (MPa).

Stretchability and stretch forming

Refer to r-value.

Stretcher strain

Stretcher strain consists of unsightly striations, or worm-like markings, which occur during the deformation of low carbon cold rolled strip on which the sharp yield point has not been removed by sufficient temper rolling.  Lüder’s Lines are one manifestation of stretcher strain.

T

Tempering

Tempering consists of the reheating of the as quenched steel to a temperature below the A1 transformation temperature, followed by cooling in still air.  The tempering heat treatment restores the toughness and reduces the hardness of the as quenched steel.  Tempering cycles are chosen so as to produce the desired combination of hardness and toughness.  The reduction in strength and hardness and accompanying increase in ductility and toughness increase with the tempering temperature and the time at that temperature.

Temper rolling (cold rolled sheet)

A light rolling pass applied to cold rolled and annealed strip.  The reduction is usually less than about 2%.

The purpose of temper rolling is to remove the sharp yield point, impart the desired surface texture and to improve strip flatness.  Temper rolling can be carried out dry or with wet temper solution.

Temper rolling (hot rolled strip)

Similar to temper rolling of cold rolled sheet but carried out on hot rolled strip to improve flatness and ensure freedom from coil breaks.
Tensile strength

Also called the ultimate tensile strength (UTS), or maximum stress.  This is the maximum tensile stress which a material is capable of sustaining.  It is determined by relating the maximum load shown before fracture, to the original cross-sectional area of the test piece.  The value is usually quoted in megapascals (MPa) or kg/mm2.

Tensile test

A test, in which a suitable bar or test piece, having a smaller parallel-sided centre portion to ensure that fracture will occur in this part of the bar, and enlarged ends shaped so that they may be readily held in the grips of a the testing machine applying the load, is stressed to fracture by a load applied in opposite directions at the two ends.

The cross-sectional area of the parallel portion is machined to specific dimensions and the applied load is monitored, so that the tensile properties of the material can be calculated.  The elongation after fracture is determined in the same test.  Other terms associated with the tensile test are stress, strain, gauge length, yield strength, yield point, tensile strength and total elongation.

Tolerance

A tolerance is the range within which a given material parameter may vary and is a binding agreement between customer and supplier.

V

V

Vanadium.  Used typically as an addition to high strength low alloy steels to increase strength and hardness.  The high strength in such micro-alloyed steels is obtained from precipitation hardening by vanadium carbonitrides and carefully controlling the rolling parameters during hot rolling.

Vacuum degassing

The purpose of degassing is to remove, or reduce the concentration of elements such as hydrogen, nitrogen, oxygen and carbon in liquid steel prior to casting.  It is carried out by exposing the liquid steel to a vacuum which extracts the unwanted elements from the liquid steel.  The removal of hydrogen by this means reduces internal microcracking in the cast slab during cooling.
Degassing is carried out in one instance by placing a ladle of molten steel into a sealed vacuum tank. A vacuum is then drawn by means of steam injectors, while the steel in the ladle is heated by means of an electric arc. Argon gas, blown in through the base of the ladle, causes bubbling and stirring of the metal, exposing the entire contents of the ladle to the effect of the vacuum.  Other methods of degassing are in use, but they all rely on the efficient exposure of the liquid steel to the vacuum to exploit its beneficial effect.

Sulphur can also be removed to ultra-low levels during degassing by injecting sulphur-removing reagents through a lance immersed in the steel.

W

Weldability

This is the ability of a steel to be welded by conventional means, or by special precautionary measures.  The ease with which steels can be welded depends on a number of factors.  Some relate to the dimensions and configuration of the components being welded.  Others relate to metallurgical issues such as chemistry and microstructure etc. (See also CE, carbon equivalent).

Wet storage stain (white rust)

The term applied to a powdery white deposit sometimes found on the surface of galvanised sheets or coils which have been subjected to prolonged storage without the necessary precautions.

Rainwater or water vapour, can easily be drawn in between tightly nested profiled or flat sheets or between the wraps of coils by capillary action, and owing to the absence of freely circulating air, this moisture cannot escape.

New galvanised steel surfaces, which have not yet developed the patina or surface layer of protective insoluble basic zinc carbonates which normally contributes to the long life of zinc coated products, are highly reactive and susceptible to premature corrosion under such conditions.

Wet storage stain, its cause, effect and rectification are covered in more detail in a brochure available from ArcelorMittal on request.
Y

Yield point

Certain materials, while undergoing tensile testing, exhibit a sharp yield point at the onset of plastic deformation.  A relatively high stress is necessary to initiate yielding and this stress falls, briefly, to a lower value as deformation continues, before increasing again due to the effect of work hardening.

Yield strength
As the tensile load on a specimen being tested is increased through the elastic range, a point will be reached at which the applied stress will begin to deform the specimen in a plastic manner.  When the load is released, the specimen will no longer spring back to its original length and will show a permanent set.  The value of the stress at which this occurs is referred to as the yield strength of the material being tested.

This value is not easy to detect in temper rolled mild steels and the yield strength is determined by measuring the stress required to cause, say, 0,2% permanent deformation (referred to as the 0,2% proof stress).  In untempered mild steels, a sharp yield point occurs which makes it easier to determine the yield strength.

Z

Zn
Zinc shows excellent resistance to atmospheric corrosion, and is used in hot-dip galvanising and electrogalvanising as a rust proof coating on steel.

DATA SHEET INDEX
HOT ROLLED PLATE AND SHEET: ARCELORMITTAL FLAT STEEL PRODUCTS,

VANDERBIJLPARK  WORKS

	TITLE
	REF NO
	PRICE LIST

	HOT ROLLED PRODUCTS
Hot Rolled Steel Plate
	A1
	110

	
	
	111

	
	
	115

	
	
	120

	HOT STRIP MILL PRODUCT DIMENSIONS

Hot Rolled Steel Strip
	A1.1
	115

	
	
	120

	HOT STRIP MILL PRODUCT TOLERANCES

Hot Rolled Steel Strip
	A1.2
	115

	
	
	120

	PLATE MILL PRODUCTS Available Dimensions (Domestic Market)
	A1.3
	110

	
	
	111

	PLATE MILL PRODUCT TOLERANCES
Hot Rolled Steel Plate
	A1.4
	110

	
	
	111

	HOT STRIP MILL PRODUCTS
Steel Specifications For The Domestic Market
	A1.5
	115

	
	
	120

	PLATE MILL PRODUCTS

Steel Types Available To The Domestic Market
	A1.6
	110

	
	
	111

	HOT ROLLED PRODUCTS
Hot Rolled Steel Strip
	A2
	115

	
	
	120

	
	
	121

	GENERAL PURPOSE AND COMMERCIAL STEELS

Hot Rolled Steel Plate and Strip for General Applications
	A2.1
	110

	
	
	115

	
	
	120

	HIGH CARBON STEELS
Hot Rolled Steel Plate and Strip for Hardening and Wear Resistance
	A2.2
	110

	
	
	115

	
	
	120

	VASTRAP® FLOOR PLATE

Hot Rolled Patterned Weldable Floor Plate
	A2.3
	115

	STRUCTURAL STEEL TO BS 1449 : 1991

Hot Rolled Structural Steel Strip
	A3.1
	115

	
	
	120

	PLATE AND STRIP TO BS 4360 : 1986

Hot Rolled Weldable Structural Steel
	A3.2
	110

	
	
	115

	
	
	120

	PLATE AND STRIP TO SABS 1431: 1987

Hot Rolled Weldable Structural Steel
	A3.3
	110

	
	
	115

	
	
	120

	PLATE AND STRIP TO BS EN 10025: 1993

Hot Rolled Weldable Non-alloy Structural Steel
	A3.4
	110

	
	
	115

	
	
	120

	LLOYD’S SHIP HULL STEEL - 1998

Normal and Higher Strength Steel Plate for Hull Construction
	A3.5
	110

	
	
	115

	
	
	120

	COR-TEN®1
Hot Rolled Atmospheric Corrosion Resistant, High Strength Low Alloy Structural Steel Strip
	A3.6
	110

	
	
	115

	
	
	120

	DRAWING AND FORMING STEEL TO BS 1449: 1991
Hot Rolled Formable Steel Strip
	A4.1 
	115

	
	
	120

	SUPRAFORM® HR 190 - 290

Hot Rolled Structural Steel Strip and Plate with Improved Formability
	A4.2
	115

	
	
	120


	SUPRAFORM® TM 340 - 500
Hot Rolled High Strength, Low Alloy Structural Steel Strip
	A4.3
	115

	
	
	120

	ROQ-last( TH360 and ROQ-last( TH400
Availability and properties:

Hot Rolled, Roller Quenched and Tempered Abrasion Resistant Steel Plate
	A5.2
	111

	ROQ-tuf( AM700

Availability and properties:

Hot Rolled, Roller Quenched and Tempered Structural and Pressure Vessel Steel Plate
	A5.3
	111

	ROQ-last® 500

Availability and properties:

Hot Rolled, Roller Quenched and Tempered Abrasion Resistant Steel Plate
	A5.4
	111

	Plate to ASTM A516

Availability and properties:

Normal Strength Carbon Grade Pressure Vessel Steel Plate
	A6.1
	110

	PLATE TO BS1501: 430 MPa GRADES

Normal Strength Carbon and Carbon Manganese Pressure Vessel Steel Plate
	A6.2
	110

	PLATE TO BS 1501 : PART 1 1980: 490 MPA GRADES

Availability and properties:

Higher Strength Carbon Manganese Pressure Vessel Steel Plate
	A6.3
	110

	LIQUID PETROLEUM GAS CYLINDER STEEL

Hot Rolled Strip and Plate for Welded Liquid Petroleum Gas Cylinders
	A7.2
	115

	
	
	120

	HOT ROLLED STRIP FOR LINE PIPE (SWEET SERVICE)

Steel Strip for API 5L (1995) Line Pipe
	A8.1
	110

	
	
	115

	
	
	120


COLD ROLLED SHEET

	TITLE
	REF NO
	PRICE LIST

	Cold Rolled Products

Cold rolled steel sheet – General Description
	B1
	130

	Cold Rolled Product Tolerances
Cold rolled steel sheet
	B1.1
	130

	Commercial steels
Cold rolled steel sheet for general applications
	B2.1
	130

	SUPRADRAW CR® 180 - 230
Cold rolled steel sheet for drawing and forming
	B3.1
	130

	SUPRASTRETCH CR® 210
Cold rolled steel sheet for stretch forming
	B3.2
	130

	SUPRAFORM CR® 190 - 340
Cold rolled structural steel sheet with improved formability
	B4.1
	130

	COR-TEN A
Cold rolled atmospheric corrosion resistant, high strength structural steel sheet
	B5.1
	130

	ENAMELLING STEELS
Cold rolled steel sheet for enamelling applications
	B6.1
	130

	HIGH TENSILE STRAPPING STEEL
Cold rolled steel sheet for high tensile strapping
	B7.1
	130


ELECTRO GALV

	TITLE
	REF NO
	PRICE LIST

	ELECTROGALVANISED STEEL SHEET
	EG1
	148

	SUPRADRAW CR® 180 ZE - 230 ZE
Electrogalvanised steel sheet for drawing and forming
	EG2
	148

	SUPRAFORM CR® 190 ZE - 340 ZE
Electrogalvanised structural steel sheet with improved formability
	EG3
	148


COATED  PRODUCTS : ARCELORMITTAL FLAT STEEL PRODUCTS,

VANDERBIJPARK WORKS

	Name of Data Sheet
	Reference Number
	Price List(s)

	GALVANISED MATERIAL

Hot-dip Galvanised Cold Rolled and Hot Rolled Steel Substrate
	C1.1
	140

	GALVANISED MATERIAL TOLERANCES

Hot-dip Galvanised Cold Rolled and Hot Rolled Steel Substrate
	C1.2
	140

	CHROMADEK(FOR ROOFING APPLICATIONS

Pre-painted Hot-dip Galvanised Steel Sheet
	C1.4
	145 / 147

	CHROMADEK® PLUS
For Severe Exterior Environments
	C1.5
	147

	CHROMADEK® FOR INTERIOR APPLICATIONS

Pre-painted and Laminated Steel Sheet
	C1.6
	145

	CHROMADEK® FOR APPLIANCE WHITE

Pre-painted and Laminated Steel Sheet
	C1.7
	146

	CHROMAPREP(
Pre-painted Cold Rolled and Hot-dip Galvanised Steel Sheet
	C1.8
	145

	CHROMADEK® PAINT SYSTEMS COLOUR CHART

Standard Colour Range for Interior and Exterior use
	C1.9
	145 / 147

	TINPLATE

Electrolytically Coated

Tinplate
	C2.1
	150

	TINPLATE: DWI

DWI Electrolytically Coated Tinplate
	C2.2
	155


