
Basic Engineering Basic Engineering 
MaterialsMaterials  



ElementsElements  
 Elements are the smallest particles of any substance that Elements are the smallest particles of any substance that 

can be found.can be found.  
 There are about 90 elements occurring naturally and all There are about 90 elements occurring naturally and all 

materials are made from materials are made from ELEMENTS.ELEMENTS.  
 A material consisting of only one element is said to be A material consisting of only one element is said to be 

pure.pure.  
 Most materials in their natural state are mixtures of Most materials in their natural state are mixtures of 

many elements and are known as many elements and are known as RAW MATERIALS.RAW MATERIALS.  
 The materials of most interest to engineers are plentiful The materials of most interest to engineers are plentiful 

and have properties suitable to tooling and and have properties suitable to tooling and 
manufacturing.manufacturing.  

 2 basic types of materials used extensively on 2 basic types of materials used extensively on 
engineering engineering METALSMETALS  and and NON METALS. TheyNON METALS. They  are are 
classified into 3 main groups:classified into 3 main groups:  

 FERROUS (Contains Iron)FERROUS (Contains Iron)  
 NONNON--FERROUS (Does not contain Iron)FERROUS (Does not contain Iron)  
 NON METALIC (Contains no metals)NON METALIC (Contains no metals)  

  







 GERMAN FLEET SCUTTLED AT SCAPA FLOW 1919  



THINGS CAN NEVER BE THE SAME AGAINTHINGS CAN NEVER BE THE SAME AGAIN  



Interesting FactsInteresting Facts  
 DidDid  youyou  knowknow  thatthat  thethe  steelsteel  producedproduced  beforebefore  19401940  isis  thethe  

purestpurest  formform  knownknown  toto  manman  
 ToTo  ourour  detrimentdetriment  itit  cancan  nevernever  bebe  thisthis  purepure  everever  again!again!  

AndAnd  eventuallyeventually  willwill  bebe  depleteddepleted    
 Why?Why?    
 RadiationRadiation  contaminationcontamination  duedue  toto  NuclearNuclear  detonationsdetonations  

duringduring  WWWW22  andand  furtherfurther  weaponsweapons  testingtesting  andand  radiationradiation  
leaksleaks  hencehence  allall  steelsteel  isis  nownow  radioactiveradioactive  

 WhatWhat  isis  thethe  significancesignificance  ofof  sunkensunken  shipwrecksshipwrecks  inin  ScapaScapa  
flowflow  inin  thethe  OrkneysOrkneys  ??  

 TheyThey  constituteconstitute  thethe  world’sworld’s  largestlargest  andand  bestbest  reservereserve  ofof  
nonnon--radioactiveradioactive  steelsteel..    

 NonNon--radioactiveradioactive  steelsteel  currentlycurrently  allowsallows  usus  toto  buildbuild  airlinersairliners  
andand  spacespace  craft,craft,  withoutwithout  itit  wewe  can'tcan't  makemake  accurateaccurate  
radiationradiation  instrumentationinstrumentation  --  vitalvital  toto  thethe  maintenancemaintenance  andand  
manufacturemanufacture  ofof  AirlinersAirliners  andand  spacespace  craft,craft,  forfor  example,example,  thethe  
VoyagerVoyager  spacespace  craftcraft  waswas  builtbuilt  usingusing  steelsteel  fromfrom  ScapaScapa      



VOYAGER SPACE CRAFTVOYAGER SPACE CRAFT  



METALSMETALS  
 AA  metalmetal  isis  aa  rawraw  materialmaterial  minedmined  fromfrom  thethe  groundground  asas  anan  oreore..  

  

 AfterAfter  beingbeing  solidifiedsolidified  fromfrom  thethe  moltenmolten  statestate  theythey  developdevelop  aa  
crystallinecrystalline  structurestructure  andand  becomebecome  goodgood  electricalelectrical  conductorsconductors..  

  

 MetalsMetals  areare  notnot  generallygenerally  usedused  inin  theirtheir  purepure  statestate  butbut  mixedmixed  toto  formform  
ALLOYSALLOYS..  

  

 Mixing,Mixing,  oror  alloyingalloying  isis  toto  enhanceenhance  certaincertain  propertiesproperties  oror  toto  makemake  anan  
alloyalloy  easiereasier  toto  workwork  ee..gg..  toto  cut,cut,  bendbend  oror  shapeshape..  

  

 MetalsMetals  cancan  bebe  divideddivided  intointo  twotwo  categoriescategories  FERROUSFERROUS  andand  NONNON--
FERROUSFERROUS..  

  

 FerrousFerrous  metalsmetals  andand  alloysalloys  containcontain  thethe  elementelement  ironiron..  

  

 SteelsSteels  areare  ferrousferrous  alloysalloys  mademade  upup  ofof  ironiron  andand  smallersmaller  amountsamounts  ofof  
carboncarbon  andand  otherother  elementselements..  



Ferrous MetalsFerrous Metals  
 Common nameCommon name  Carbon %Carbon %  Common usesCommon uses  

  

 Mild SteelMild Steel    0.1 0.1 --  0.3              General0.3              General--purpose, used throughoutpurpose, used throughout  

          (or Low Carbon(or Low Carbon      engineeringengineering  
  

 Medium carbon Medium carbon   0.3 0.3 --  0.70.7    Hammers and bolts, high stressHammers and bolts, high stress  

            steelsteel          componentscomponents  
  

 High Carbon steelHigh Carbon steel  1.2 1.2 --1.41.4    Metal cutting and forming toolsMetal cutting and forming tools  

          (or tool steel)(or tool steel)  



Cast ironCast iron  
 CastCast  ironiron  isis  ironiron  mixedmixed  withwith  largerlarger  amountsamounts  ofof  carboncarbon  thanthan  plainplain  

carboncarbon  steelssteels..  
  

 GreyGrey  castcast  ironiron  isis  thethe  mostmost  commoncommon  typetype  andand  hashas  aa  carboncarbon  contentcontent  
betweenbetween  11..77--44..55%%  togethertogether  withwith  otherother  elementselements  inin  smallersmaller  
proportionsproportions..  
  

 CastCast  ironiron  isis  usedused  asas  aa  fluidfluid  whenwhen  molten,molten,  enablingenabling  largelarge  andand  intricateintricate  
castingscastings  toto  bebe  producedproduced..  
  

 CastCast  ironiron  isis  quitequite  brittlebrittle  andand  hashas  thethe  qualityquality  ofof  selfself--lubricationlubrication..  TheseThese  
propertiesproperties  areare  causedcaused  byby  thethe  excessexcess  carboncarbon  II  it’sit’s  structurestructure..  
  

 GreyGrey  castcast  ironiron  isis  usedused  forfor  thethe  productionproduction  ofof  prepre--machinedmachined  partsparts  ee..gg..  
motormotor--carcar  enginesengines  andand  machinemachine--tooltool  framesframes..  AlsoAlso  forfor  markingmarking  outout  
equipmentequipment  ee..gg..  veevee  blocksblocks  andand  angleangle  platesplates..  



Cast IronCast Iron  

  
  
  
  
  
  

                              
                    Cast IronCast Iron                    Cast IronCast Iron  

          

        Pulley mounting bracketPulley mounting bracket              Angle PlateAngle Plate    



Alloy SteelsAlloy Steels  

 Alloy steels are steels that have larger amounts of other metals in Alloy steels are steels that have larger amounts of other metals in 
their composition than cast iron or plain carbon steels.their composition than cast iron or plain carbon steels.  
  

 These frequently contain such elements as chromium, nickel, These frequently contain such elements as chromium, nickel, 
molybdenum and vanadium.molybdenum and vanadium.  
  

 They are usually developed for special purposes e.g. stainless steel They are usually developed for special purposes e.g. stainless steel 
is resistant to corrosion and is used in food processing and chemical is resistant to corrosion and is used in food processing and chemical 
industries.industries.  
  

 High speed steel (HSS) is a special alloy steel developed for its High speed steel (HSS) is a special alloy steel developed for its 
hardness and toughness, and is used for the manufacture of metalhardness and toughness, and is used for the manufacture of metal--
cutting tools e.g. twist drills and milling cutters.cutting tools e.g. twist drills and milling cutters.  



Alloy steelsAlloy steels  

  

  

  

  

  
                            Stainless steel                                         High speed steelStainless steel                                         High speed steel  

                          Domestic sink unit                                         Milling cuttersDomestic sink unit                                         Milling cutters  



Wings made at BroughtonWings made at Broughton  



NonNon--ferrous metalsferrous metals  

 NonNon--ferrousferrous  metalsmetals  areare  metalsmetals  andand  alloysalloys  thatthat  dodo  notnot  containcontain  ironiron..  

  

 EE..gg..  aluminium,aluminium,  copper,copper,  tin,tin,  leadlead  andand  zinczinc..  

  

 EachEach  metalmetal  hashas  itsits  ownown  propertiesproperties  andand  uses,uses,  andand  althoughalthough  coppercopper  isis  
usedused  forfor  electricalelectrical  wireswires  andand  waterwater  pipes,pipes,  nonnon--ferrousferrous  metalsmetals  areare  
generallygenerally  mixedmixed  togethertogether  toto  formform  alloysalloys..  

  

 ManyMany  nonnon--ferrousferrous  metalsmetals  andand  alloysalloys  areare  corrosioncorrosion  resistantresistant..  



NonNon--ferrous metalsferrous metals  



NonNon--ferrous metalsferrous metals  
The table below shows the composition of some common nonThe table below shows the composition of some common non--ferrous alloys used in ferrous alloys used in 

engineeringengineering  
  

Metals alloyed Metals alloyed     Common composition(%)Common composition(%)    Name of alloyName of alloy  
  
AluminiumAluminium        9696      DuraluminDuralumin  
CopperCopper        44        
  
CopperCopper        4040      Cast brassCast brass  
ZincZinc          6060      (Muntz metal)(Muntz metal)  
  
CopperCopper        9696      CoinCoin  
ZincZinc          2.52.5      bronzebronze  
TinTin          0.50.5  
  
CopperCopper        9494      PhosphorPhosphor  
TinTin          55      bronzebronze  
PhosphorousPhosphorous      11  
  
TinTin          4040      Tin man'sTin man's  
LeadLead        6060      soldersolder  
  
TinTin          3030      ElectricalElectrical  
LeadLead        7070      soldersolder  



NonNon--metals are diverse in their makemetals are diverse in their make--up. up. 
They can be:They can be:  

  

Mineral 

Plastic 

Organic 



NonNon--metals metals   
  

 OrganicOrganic  --  derivedderived  fromfrom  plantsplants  andand  animalsanimals  ee..gg..  rubberrubber  andand  woodwood  

  

 RubberRubber  --  hashas  manymany  usesuses  inin  engineeringengineering  forfor  exampleexample  aa  rubberrubber  
washerswashers  isis  usedused  toto  formform  aa  watertightwatertight  //  airtightairtight    jointjoint  otherother  usesuses  
includeinclude  ejectionejection  springssprings  forfor  presspress  toolstools  

  

 WoodWood  --  wewe  thinkthink  ofof  JoinersJoiners  butbut  woodwood  hashas  itsits  usesuses  inin  engineering,engineering,  
prototypeprototype  partsparts  areare  oftenoften  mademade  fromfrom  wood,wood,  filefile  handleshandles  andand  mouldmould  
patternspatterns  inin  foundryfoundry  workwork  



NonNon--metals metals Cont’dCont’d  

 MineralMineral  ––  Oils,Oils,  Stone,Stone,  Diamond/CarbonDiamond/Carbon    &&  Glass/CeramicsGlass/Ceramics    

 TheseThese  materialsmaterials  areare  widelywidely  usedused  withinwithin  engineeringengineering  somesome  examplesexamples  
areare::  

 OilsOils  --  usedused  inin  cuttingcutting  compoundscompounds  alsoalso  impregnatedimpregnated  intointo  bronzebronze  
bushesbushes  whichwhich  areare  selfself  lubricatinglubricating  

 StoneStone  --  widelywidely  usedused  forfor  abrasivesabrasives  

 DiamondsDiamonds  --  commonlycommonly  usedused  forfor  cuttingcutting  toolstools    

 GlassGlass  fibrefibre  --  usedused  inin  manymany  applicationsapplications  ofof  engineeringengineering  materialsmaterials  forfor  
exampleexample  glassglass  filledfilled  nylonnylon  ,,  FibreFibre  glassglass  

 CeramicsCeramics  --  mouldedmoulded  intointo  partsparts  forfor  engineeringengineering  applicationsapplications  whichwhich  
areare  requiredrequired  toto  resistresist  highhigh  temperaturestemperatures;;  alsoalso  cuttingcutting  toolstools    

  

  



NonNon--metals metals Cont’dCont’d    
 PlasticPlastic  ––  thethe  mostmost  commoncommon  nonnon--metalsmetals  usedused  inin  engineering,engineering,  theythey  

tendtend  toto  bebe::  
          a)a)  lightweightlightweight  
          b)b)  strongstrong  inin  relationrelation  toto  theirtheir  weightweight  
          c)c)  goodgood  insulatorsinsulators  
          d)d)  resistantresistant  toto  corrosioncorrosion  fromfrom  acidsacids  
  
 PlasticPlastic  materialsmaterials  havehave  beenbeen  syntheticallysynthetically  mademade  byby  processingprocessing  

organicorganic  and/orand/or  mineralmineral  materialsmaterials..    
  

 TheyThey  havehave  giantgiant  moleculesmolecules  whichwhich  bondbond  togethertogether  inin  differentdifferent  waysways  toto  
produceproduce  twotwo  distinctdistinct  typestypes  ofof  materialsmaterials..  
  

 TheThe  twotwo  typestypes  ofof  plasticsplastics  areare  recognisedrecognised  byby  howhow  theythey  behavebehave  whenwhen  
treatedtreated..  
  



ThermoplasticsThermoplastics  
 These are materials that are usually moulded while hot as they can These are materials that are usually moulded while hot as they can 

be reshaped by heating.be reshaped by heating.  

  

 The molecular structure is longThe molecular structure is long--chain or branched.chain or branched.  

  

 Some common thermoplastics are Perspex, Acetal, nylon, polyvinyl Some common thermoplastics are Perspex, Acetal, nylon, polyvinyl 
chloride (PVC) and polythene.chloride (PVC) and polythene.  

  

 Some common uses are illustrated below:Some common uses are illustrated below:  



Thermosetting plasticsThermosetting plastics  
 These are shaped by chemical action and harden on heating.These are shaped by chemical action and harden on heating.  

  

 Their molecular structure is Their molecular structure is cross linkedcross linked  which gives the material which gives the material 
hardness and rigidity.hardness and rigidity.  

  

 Some common e.g. are epoxy resin, glass fibre and urea Some common e.g. are epoxy resin, glass fibre and urea 
formaldehyde. Common uses for these hard rigid materials are formaldehyde. Common uses for these hard rigid materials are 
illustrated below:illustrated below:  



Tufnol – A High Performance Material 

 Tufnol  - A combination Organic, Mineral & Plastic 

    A non - metallic engineering material made from layers of 
fibrous reinforcement, such as cotton cloth, paper or 
woven glass cloth, which are bonded together with high 
quality thermosetting plastic resins. 

 

 The use of Tufnol has many advantages including: 

 The use in machines as 'safety critical items'.  

 Excellent wear resistance with high strength.  

 Resistance to corrosion.  

 Large amounts of lubrication are not required  

 



 Tufnol laminates are unaffected by oil, grease or petrol, 
are generally suitable for use in corrosive atmospheres 
and can be stored indefinitely without deterioration. 
Their mechanical strength, toughness, and temperature 
resistance exceed those of many commonly used 
thermoplastics materials and enable them to withstand 
extremely arduous working conditions, as well as the 
more delicate precision situations. Their resilience 
provides good resistance to shock loads and their light 
weight - one sixth of the weight of steel - reduces 
inertia, which leads to lower power requirements 

 

Tufnol  



•These high performance                            
materials are used for a very 
wide variety of applications 
where high strength, rigidity 
dimensional stability and 
electrical performance are 
required.  Applications such as 
insulation in large turbine 
generators, components for 
cryogenic superconducting 
magnets, high strength bolt 
insulation in structures, jigs for 
electro-chemical machining 
and structural insulation for 
high performance electronic 
equipment, these are typical 
of the many uses to which this 
material is put. 

Some Examples of Tufnol 



Plastics In EngineeringPlastics In Engineering  



Identification of propertiesIdentification of properties  

 The properties of materials, particularly metals, can be enhanced by The properties of materials, particularly metals, can be enhanced by 
alloying them, e.g. the addition of magnesium into steel makes it alloying them, e.g. the addition of magnesium into steel makes it 
easier to forge and roll.easier to forge and roll.  

  
 The addition of The addition of SulpherSulpher  and Lead to steel can make machining and Lead to steel can make machining 

easier easier   
  

 These are very few metals used in their pure state, most are alloyed These are very few metals used in their pure state, most are alloyed 
with other elements to enhance the properties of the material or to with other elements to enhance the properties of the material or to 
make it easier to manufacture.make it easier to manufacture.  
  

 A designer chooses the material for a product and plans its A designer chooses the material for a product and plans its 
manufacturing process. To do this, the designer must understand manufacturing process. To do this, the designer must understand 
the properties of a wide range of materials.the properties of a wide range of materials.  



Forms of supplyForms of supply  

 Raw materials can be supplied in many different forms.Raw materials can be supplied in many different forms.  

  

 The choice allows companies to order their materials in a condition The choice allows companies to order their materials in a condition 
which will enable them to undertake their processing more which will enable them to undertake their processing more 
efficiently.efficiently.  

  

 This results in savings to be made because the material is bought in This results in savings to be made because the material is bought in 
the most appropriate form.the most appropriate form.  

  

 It is therefore important to know and identify the forms in which It is therefore important to know and identify the forms in which 
materials can be supplied.materials can be supplied.  



Commonly Supplied FormsCommonly Supplied Forms  

 Bar Bar   

 PlatePlate  

 SheetSheet  

 CastingCasting  

 ExtrusionExtrusion  

 TubeTube  

 Section Section   



Defects in materialsDefects in materials  

 OnOn  delivery,delivery,  beforebefore  anyany  materialsmaterials  areare  acceptedaccepted  itit  isis  goodgood  practicepractice  toto  
visuallyvisually  examineexamine  thethe  materialmaterial  forfor  defectsdefects..  

  

 MaterialMaterial  supplierssuppliers  cancan  oftenoften  supplysupply  aa  certificatecertificate  ofof  conformityconformity  
guaranteeingguaranteeing  thatthat  thethe  materialmaterial  meetsmeets  thethe  necessarynecessary  standardsstandards..  

  

 SomeSome  commoncommon  defectsdefects  areare  describeddescribed  next,next,  togethertogether  withwith  somesome  
simplesimple  methodsmethods  ofof  detectiondetection..  

  

 TheThe  effecteffect  ofof  thethe  defectdefect  onon  thethe  serviceabilityserviceability  ofof  thethe  materialsmaterials  isis  alsoalso  

introducedintroduced..  



CracksCracks  
 IfIf  brightbright  rolledrolled  steelsteel  barbar  containscontains  excessiveexcessive  sulphursulphur  itit  isis  proneprone  toto  

crackingcracking..  

 ForgedForged  componentscomponents  cancan  crackcrack  ifif  theythey  havehave  beenbeen  hammeredhammered  whilewhile  
notnot  hothot  enoughenough..  

 ThisThis  cancan  alsoalso  occuroccur  ifif  aa  componentcomponent  hashas  beenbeen  cooledcooled  tootoo  quicklyquickly  
duringduring  heatheat  treatmenttreatment..  

 CracksCracks  weakenweaken  materialsmaterials  andand  shouldshould  bebe  avoidedavoided  inin  allall  highlyhighly  
stressedstressed  componentscomponents..  

 AA  reliablereliable  methodsmethods  ofof  testingtesting  isis  toto  sprayspray  aa  penetratingpenetrating  diedie  overover  thethe  
surfacesurface  beingbeing  testedtested..  WhenWhen  thethe  diedie  hashas  soakedsoaked  in,in,  itit  isis  wipedwiped  drydry  
andand  aa  developerdeveloper  powderpowder  isis  dusteddusted  onon  thethe  surfacesurface..  IfIf  aa  crackcrack  exists,exists,  
thethe  penetratingpenetrating  fluidfluid  isis  drawndrawn  outout  byby  thethe  developerdeveloper  andand  showsshows  aa  
strainstrain..  

 MoreMore  reliablereliable  methodsmethods  ofof  detectiondetection  areare  toto  useuse  XX--rayray  oror  ultrasonicultrasonic  
equipmentequipment..  



BlowholesBlowholes  
 TheseThese  areare  largelarge  voidsvoids  insideinside  castingscastings;;  causedcaused  byby  poorpoor  ventingventing  

duringduring  manufacturemanufacture..  
 BlowholesBlowholes  cancan  causecause  weaknessweakness  andand  areare  unsightlyunsightly  
 AlthoughAlthough  theythey  areare  invisibleinvisible  immediatelyimmediately  afterafter  casting,casting,  itit  cancan  becomebecome  

exposedexposed  duringduring  machinerymachinery..  TheThe  componentcomponent  wouldwould  thenthen  bebe  
scrappedscrapped..  
  
  
  
  
  
  
  
  
  

  
  

 ToTo  testtest  forfor  blowholes,blowholes,  samplessamples  ofof  thethe  castingcasting  cancan  bebe  sawnsawn  intointo  
piecespieces  andand  visuallyvisually  inspectedinspected  byby  XX--rayray  oror  ultrasonicultrasonic  equipmentequipment  
  
  
  
  
  



DistortionDistortion  
 IfIf  aa  componentcomponent  hashas  beenbeen  incorrectlyincorrectly  quenchedquenched  afterafter  heatheat  

treatment,treatment,  oror  machinedmachined  withoutwithout  firstfirst  beingbeing  stressedstressed  relieved,relieved,  itit  
maymay  becomebecome  warpedwarped..  

  

 DistortedDistorted  componentscomponents  cancan  bebe  straightenedstraightened  butbut  thisthis  isis  timetime  
consumingconsuming  andand  maymay  causecause  internalinternal  stressstress  toto  developdevelop  inin  thethe  
componentcomponent  

  

 DistortionDistortion  inin  aa  barbar  stockstock  cancan  bebe  detecteddetected  byby  comparingcomparing  thethe  
componentcomponent  surfacesurface  withwith  aa  straightstraight  edgeedge  oror  flatflat  referencereference  surfacesurface  

  



ScaleScale  
 ThisThis  isis  thethe  termterm  usedused  forfor  hardhard  areasareas  onon  thethe  surfacesurface  ofof  castcast  oror  

forgedforged  componentscomponents  andand  cancan  appearappear  asas  flakesflakes  whichwhich  areare  removedremoved  
withwith  aa  wirewire  brushbrush  ofof  filefile  

 IfIf  itit  isis  embeddedembedded  inin  thethe  skin,skin,  itit  cannotcannot  easilyeasily  bebe  removedremoved..  

 ScaleScale  cancan  concealconceal  smallsmall  surfacesurface  crackscracks  andand  cancan  causecause  excessiveexcessive  
wearwear  onon  cuttingcutting  toolstools..  

 ScaleScale  cancan  easilyeasily  bebe  seenseen  andand  shouldshould  bebe  removedremoved  withwith  aa  wirewire  brushbrush  
toto  exposeexpose  anyany  defectsdefects  onon  thethe  materialsmaterials  surfacesurface..  InIn  largelarge  steelworks,steelworks,  
itit  isis  removedremoved  byby  sulphuricsulphuric  acidacid..  

  
  

  



Why Did the Titanic Sink?Why Did the Titanic Sink?  



Material DefectsMaterial Defects  
TitanicTitanic  

      WhenWhen  thethe  TitanicTitanic  collidedcollided  withwith  thethe  iceberg,iceberg,  thethe  hullhull  steelsteel  andand  thethe  
wroughtwrought  ironiron  rivetsrivets  failedfailed  becausebecause  ofof  brittlebrittle  fracturefracture..  AA  typetype  ofof  
catastrophiccatastrophic  failurefailure  inin  structuralstructural  materials,materials,  brittlebrittle  fracturefracture  occursoccurs  
withoutwithout  priorprior  plasticplastic  deformationdeformation  andand  atat  extremelyextremely  highhigh  speedsspeeds..  TheThe  
causescauses  ofof  brittlebrittle  fracturefracture  includeinclude  lowlow  temperature,temperature,  highhigh  impactimpact  loading,loading,  
andand  highhigh  sulphursulphur  contentcontent..  OnOn  thethe  nightnight  ofof  thethe  TitanicTitanic  disaster,disaster,  eacheach  ofof  
thesethese  threethree  factorsfactors  waswas  presentpresent::  TheThe  waterwater  temperaturetemperature  waswas  belowbelow  
freezing,freezing,  thethe  TitanicTitanic  waswas  travellingtravelling  atat  aa  highhigh  speedspeed  onon  impactimpact  withwith  thethe  
iceberg,iceberg,  andand  thethe  hullhull  steelsteel  containedcontained  highhigh  levelslevels  ofof  sulphursulphur..    

  



The Titanic The Titanic --  Hull SteelHull Steel  

    

      TheThe  firstfirst  hinthint  thatthat  brittlebrittle  fracturefracture  ofof  thethe  hullhull  steelsteel  contributedcontributed  toto  thethe  

TitanicTitanic  disasterdisaster  camecame  followingfollowing  thethe  recoveryrecovery  ofof  aa  piecepiece  ofof  thethe  hullhull  
steelsteel  fromfrom  thethe  TitanicTitanic  wreckwreck..  AfterAfter  cleaningcleaning  thethe  piecepiece  ofof  steel,steel,  thethe  
scientistsscientists  notednoted  thethe  conditioncondition  ofof  thethe  edgesedges..  JaggedJagged  andand  sharp,sharp,  thethe  
edgesedges  ofof  thethe  piecepiece  ofof  steelsteel  appearedappeared  almostalmost  shattered,shattered,  likelike  brokenbroken  
chinachina..  Also,Also,  thethe  metalmetal  showedshowed  nono  evidenceevidence  bendingbending  oror  deformationdeformation..  
TypicalTypical  highhigh--qualityquality  shipship  steelsteel  isis  moremore  ductileductile  andand  deformsdeforms  ratherrather  
thanthan  breaksbreaks  



        AA  micromicro--structuralstructural  analysisanalysis  ofof  thethe  TitanicTitanic  steelsteel  alsoalso  showedshowed  thethe  
plausibilityplausibility  ofof  brittlebrittle  fracturefracture  ofof  thethe  hullhull  steelsteel..  TheThe  testtest  showedshowed  highhigh  
levelslevels  ofof  bothboth  oxygenoxygen  andand  sulphur,sulphur,  whichwhich  impliesimplies  thatthat  thethe  steelsteel  waswas  
semisemi--kilnedkilned  lowlow  carboncarbon  steel,steel,  mademade  usingusing  thethe  openopen--hearthhearth  processprocess..  
HighHigh  oxygenoxygen  contentcontent  leadsleads  toto  anan  increasedincreased  ductileductile--toto--brittlebrittle  transitiontransition  
temperature,temperature,  whichwhich  waswas  determineddetermined  asas  2525  toto  3535°°CC  forfor  thethe  TitanicTitanic  steelsteel..  
MostMost  modernmodern  steelssteels  wouldwould  needneed  toto  bebe  chilledchilled  belowbelow  --6060°°CC  beforebefore  theythey  
exhibitedexhibited  similarsimilar  behaviorbehavior..  HighHigh  sulphursulphur  contentcontent  increasesincreases  thethe  
brittlenessbrittleness  ofof  steelsteel  byby  disruptingdisrupting  thethe  graingrain  structurestructure  TheThe  sulphursulphur  
combinescombines  withwith  magnesiummagnesium  inin  thethe  steelsteel  toto  formform  stringersstringers  ofof  magnesiummagnesium  
sulphide,sulphide,  whichwhich  actact  asas  "highways""highways"  forfor  crackcrack  propagationpropagation..  AlthoughAlthough  
mostmost  ofof  thethe  steelsteel  usedused  forfor  shipbuildingshipbuilding  inin  thethe  earlyearly  19001900ss  hadhad  aa  
relativelyrelatively  highhigh  sulphursulphur  content,content,  thethe  Titanic'sTitanic's  steelsteel  waswas  highhigh  eveneven  forfor  
thethe  timestimes  

The Titanic The Titanic --  Hull Steel Hull Steel Cont’dCont’d  



TheThe  ResultsResults  ofof  thethe  CharpyCharpy  testtest  forfor  modernmodern  steelsteel  andand  TitanicTitanic  steelsteel..  
WhenWhen  aa  pendulumpendulum  struckstruck  thethe  modernmodern  steel,steel,  onon  thethe  left,left,  withwith  aa  largelarge  
force,force,  thethe  samplesample  bentbent  withoutwithout  breakingbreaking  intointo  piecespieces;;  itit  waswas  ductileductile..  
UnderUnder  thethe  samesame  impactimpact  loading,loading,  thethe  TitanicTitanic  steel,steel,  onon  thethe  right,right,  waswas  
extremelyextremely  brittlebrittle;;  itit  brokebroke  inin  twotwo  piecespieces  withwith  littlelittle  deformationdeformation  

Charpy test: a common test of brittleness in structural 
materials. A Charpy test is run by placing a specimen 
against a steel backing and striking it with a large 
pendulum 



The Titanic The Titanic --  The RivetsThe Rivets  
      TheThe  wroughtwrought  ironiron  rivetsrivets  thatthat  fastenedfastened  thethe  hullhull  platesplates  toto  thethe  Titanic'sTitanic's  

mainmain  structurestructure  alsoalso  failedfailed  becausebecause  ofof  brittlebrittle  fracturefracture  fromfrom  thethe  highhigh  
impactimpact  loadingloading  ofof  thethe  collisioncollision  withwith  thethe  icebergiceberg  andand  thethe  lowlow  
temperaturetemperature  waterwater  onon  thethe  nightnight  ofof  thethe  disasterdisaster..  FigureFigure  22  showsshows  thethe  
TitanicTitanic  duringduring  herher  construction,construction,  withwith  thethe  rivetedriveted  hullhull  platesplates  ofof  herher  
sternstern  visiblevisible..  WithWith  thethe  shipship  travellingtravelling  atat  nearlynearly  2525  mph,mph,  thethe  contactcontact  
withwith  thethe  icebergiceberg  waswas  probablyprobably  aa  seriesseries  ofof  impactsimpacts  thatthat  causedcaused  thethe  
rivetsrivets  toto  failfail  eithereither  inin  shearshear  oror  byby  elongationelongation..  AsAs  thethe  icebergiceberg  scrapedscraped  
alongalong  sectionssections  ofof  thethe  Titanic'sTitanic's  hullhull  thethe  rivetsrivets  werewere  shearedsheared  off,off,  whichwhich  
openedopened  upup  rivetedriveted  seamsseams..    

        Also,Also,  becausebecause  ofof  thethe  tremendoustremendous  forcesforces  createdcreated  onon  impactimpact  withwith  thethe  
iceberg,iceberg,  thethe  rivetrivet  headsheads  inin  thethe  areasareas  ofof  contactcontact  werewere  simplysimply  poppedpopped  
off,off,  whichwhich  causedcaused  moremore  seamsseams  toto  openopen  upup..  Normally,Normally,  thethe  rivetsrivets  wouldwould  
havehave  deformeddeformed  beforebefore  failingfailing  becausebecause  ofof  theirtheir  ductility,ductility,  butbut  withwith  
waterwater  temperaturestemperatures  belowbelow  freezing,freezing,  thethe  rivetsrivets  hadhad  becomebecome  extremelyextremely  
brittlebrittle..    

  



As outlined aboveAs outlined above  
we can see how we can see how 

defects can become defects can become 
catastrophic catastrophic   



En numbers and BS 970En numbers and BS 970  
 DuringDuring  thethe  secondsecond  worldworld  warwar  therethere  waswas  rapidrapid  movementmovement  inin  thethe  

developmentdevelopment  ofof  steelssteels..    
  

 TheseThese  newnew  materialsmaterials  werewere  givengiven  emergencyemergency  numbersnumbers  (En)(En)  forfor  
identificationidentification..  
  

 InIn  19551955  BSBS  970970  waswas  introducedintroduced  toto  cataloguecatalogue  allall  materialsmaterials..  
  

 BSBS  970970  waswas  updatedupdated  toto  enableenable  easyeasy  identificationidentification  ofof  materialsmaterials  inin  
19831983  andand  19911991;;  ItIt  isis  aa  fourfour--partpart  documentdocument  andand  recommendsrecommends  
specificationsspecifications  forfor  wroughtwrought  steelssteels  forfor  mechanicalmechanical  andand  alliedallied  
engineeringengineering  purposespurposes..  
  

 TheThe  sectionsection  ofof  mostmost  interestinterest  toto  engineersengineers  isis  PartPart  11  whichwhich  dealsdeals  withwith  
inspectioninspection  andand  testingtesting  proceduresprocedures  andand  specificspecific  requirementsrequirements  forfor  
carbon,carbon,  carboncarbon--manganese,manganese,  alloyalloy  andand  stainlessstainless  steelsteel..  
  
  



En numbers and BS 970 (cont)En numbers and BS 970 (cont)  
 The recommendation in BS 970 is to use a sixThe recommendation in BS 970 is to use a six--digit code to describe digit code to describe 

the steel specification. The code is used as followsthe steel specification. The code is used as follows  
  

 The first three numbers represent the type of steel:The first three numbers represent the type of steel:  
  

 000000--199    indicates a plain carbon steel199    indicates a plain carbon steel  
                                        (the number is 100 times the manganese content)(the number is 100 times the manganese content)  
 200200--249    indicates a free cutting carbon steel249    indicates a free cutting carbon steel  
                                        (the number is 100 times the sulphur content)(the number is 100 times the sulphur content)  
 250           indicates a particular type of silicon250           indicates a particular type of silicon--manganese spring manganese spring 

steelsteel  
 251251--299    indicates a free299    indicates a free--cutting alloy or stainless steelcutting alloy or stainless steel  
 300300--499    indicates a particular type of stainless or valve steel499    indicates a particular type of stainless or valve steel  
 500500--999    indicates a particular type of alloy steel 999    indicates a particular type of alloy steel     

  
  



En numbers and BS 970 (cont)En numbers and BS 970 (cont)  
 One of four letters follow:One of four letters follow:  

  
  AA  for steel supplied to chemical composition requirementsfor steel supplied to chemical composition requirements  
  HH  for steel supplied to harden ability requirementsfor steel supplied to harden ability requirements  
  MM  for steel supplied to mechanical property requirementsfor steel supplied to mechanical property requirements  
  SS  for a type of stainless steelfor a type of stainless steel  

  
 The fifth and sixth numbers correspond to 100 times the amount of carbon The fifth and sixth numbers correspond to 100 times the amount of carbon 

in the steel.in the steel.  
  

Example of the BS 970 coding could be a steel specification BS 970:Example of the BS 970 coding could be a steel specification BS 970:  
070M 26. This steel can be defined as:070M 26. This steel can be defined as:  
 A manganese steel with 0.70% manganese content  (070 A manganese steel with 0.70% manganese content  (070 ÷÷  100)100)  

 Supplied on mechanical property specificationSupplied on mechanical property specification                      (letter M)(letter M)  
 A carbon content of 0.26%A carbon content of 0.26%                            (26 (26 ÷÷  100)100)  



Colour codes and abbreviationsColour codes and abbreviations  
 SomeSome  steelsteel  supplierssuppliers  paintpaint  aa  colourcolour  onon  steelsteel  barsbars  toto  enableenable  easyeasy  andand  

quickquick  identificationidentification..  ThisThis  codecode  isis  notnot  aa  BSBS  recommendationrecommendation  forfor  
steels,steels,  soso  mostmost  companiescompanies  useuse  theirtheir  ownown  codescodes  (see(see  tabletable  below)below)..  
  

 DraughtspersonDraughtsperson  maymay  useuse  anyany  ofof  thethe  followingfollowing  toto  describedescribe  aa  materialmaterial..  
  

 MostMost  ofof  thethe  followingfollowing  areare  notnot  specificspecific  toto  aa  materialmaterial  butbut  describedescribe  thethe  
materialmaterial  inin  looseloose  oror  generalgeneral  termsterms::  
  

                                                              MSMS  ==  mildmild  steelsteel  
                                                              BMSBMS  ==  brightbright  mildmild  steelsteel  
                                                              CICI  ==  castcast  ironiron  
                                                              HCSHCS  ==  highhigh  carboncarbon  steelsteel  
                                                              AllyAlly  ==  aluminiumaluminium  alloyalloy    



Colour codes and abbreviations (cont)Colour codes and abbreviations (cont)  
Shown below is the BS 970 specification and old En equivalent of some steels, Shown below is the BS 970 specification and old En equivalent of some steels, 

together with the code used by a leading UK steel stockholder.together with the code used by a leading UK steel stockholder.  
  
Material type              New                        Old                              Common    Material type              New                        Old                              Common      
                                                                  BS 970:1991 spec   BS 970:1955                colour  codeBS 970:1991 spec   BS 970:1955                colour  code  
                                                                                                                                  (En) spec(En) spec  
  
Low carbon steel       080 A 15                   En3B (equivalent)   blue  Low carbon steel       080 A 15                   En3B (equivalent)   blue    
(or mild steel             070 M 20                  En3B                         blue/red(or mild steel             070 M 20                  En3B                         blue/red  
                                                                        080 M 15                  En32B                       red080 M 15                  En32B                       red  
  
FreeFree--cutting steel      230 M 07                  En1A                         greencutting steel      230 M 07                  En1A                         green  
                                                                        230 M 07 (leaded)   En1A (leaded)          magenta230 M 07 (leaded)   En1A (leaded)          magenta  
  
Medium carbon steel 080 M 40                  En8                            yellowMedium carbon steel 080 M 40                  En8                            yellow  
  
Alloy steels                605 M 36                   En16                         whiteAlloy steels                605 M 36                   En16                         white  
                                                                        708 M 40                  En19                         yellow/white708 M 40                  En19                         yellow/white  
                                                                        817 M 40                  En24                         white/blue817 M 40                  En24                         white/blue  
                                                                                    


