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Unit-III 
CoterJoint 
 

 Acoterisaflatwedgeshapedpieceofrectangularcross-sectionanditswidthis 

tapered(eitherononesideorbothsides)fromoneendtoanotherforaneasy adjustment.



 Thetapervariesfrom1in48to1in24anditmaybeincreasedupto1in8,ifa


lockingdeviceisprovided. 


 Thecoterisusualymadeofmildsteelorwroughtiron.


 Acoterjointisatemporaryfasteningandisusedtoconnectrigidlytwoco-axial 

rodsorbarswhicharesubjectedtoaxialtensileorcompressiveforces.


 Itisusualyusedinconnectingapistonrodtothecrossheadofareciprocating 

steamengine,apistonrodanditsextensionasatailorpumprod,strapendof 

connectingrodetc.
 
TypesofCoterJoints 
 
Folowingarethethreecommonlyusedcoterjointsoconnecttworodsbyacoter: 
 

 Socketandspigotcoterjoint,


 Sleeveandcoterjoint,and


 Gibandcoterjoint. 

SocketandSpigotCoterJoint


 Inasocketandspigototerjoint,oneendoftherods(sayA)isprovidedwitha


sockettypeofendasshowninFig.andtheotherendoftheotherrod(sayB)is 


insertedintoasockt.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

 Theendoftherodwhichgoesintoasocketisalsocaledspigot.Arectangular 

holeismadeinthesocketandspigot.


 Acoteristhendriventightlythroughaholeinordertomakethetemporary 

connectionbetweenthetworods.



 Theloadisusualyactingaxialy,butitchangesitsdirectionandhencethecoter 

jointmustbedesignedtocarryboththetensileandcompressiveloads.The 

compressiveloadistakenupbythecolaronthespigot.
 
DesignofSocketandSpigotCoterJoint  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

1.Failureoftherodsintension 
 

TherodsmayfailintnsionduetothetensileloadP.Weknowthat  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fromthisequation,diameteroftherods(d)maybedetermined. 
 

2.Failureofspigotintensionacrosstheweakestsection(orslot): 
 

Sincetheweakestsectionofthespigotisthatsectionwhichhasaslotinitfor 
 

thecoter,asshowninFig.therefore 



 

Arearesistingtearingofthespigotacrosstheslotandtearingstrengthofthe 

spigotacrosstheslot 
 

Equatingthistoload(P),wehave  
 
 
 
 

 

Fromthisequation,thediameterofspigotorinsidediameterofsocket(d2)may 

bedetermined. 
 
 
 
 

 

Fromthisequation,thediameterofspigotorinsidediameterofsocket(d2)may 
 

bedetermined. 
 

3.Failureoftherodorcoterincrushing 
 

Weknowthattheareathatresistscrushingofarodorcoter 
 

=d2×t 
∴Crushingstrength=d2×t×σc 

 

Equatingthistoload(P),wehave 
 

P=d2×t×σc 
 

Fromthisequation,theindued rushingstressmaybechecked. 
 

 

4.Failureofthesocketintnsionacrosstheslot 
 

Weknowthattheresistingareaofthesocketacrosstheslot,asshowninFig.  
∴Tearingstrengthofthesocketacrosstheslot  

 
 
 
 
 

Equatingthistoload(P),wehave  
 
 
 
 

 

Fromthisequation,outsidediameterofsocket(d1)maybedetermined 

5.Failureofcoterinshear 
 

Consideringthefailureofcoterinshearsincethecoterisindoubleshear, 



thereforeshearingareaofthecoter 
 

=2b×t 
 

andshearingstrengthofthecoter 
 

=2b×t×τ 
 

Equatingthistoload(P),wehave 
 

P=2b×t×τ 
 

Fromthisequation,widthofcoter(b)isdetermined 
 

6.Failureofthesocketcolarincrushing 
 

ConsideringthefailureofsocketcolarincrushingasshowninFig.Weknow 
 

thatareathatresistscrushingofsocketcolar 
 

=(d4–d2)t 
 

andcrushingstrength=(d4–d2)t×σc 

 

Equatingthistoload(P),wehave 
 

P=(d4–d2)t×σc 

 

Fromthisequation,thediameterofsocketcolar(d4)maybeobtained. 
 

7.Failureofsocketendinshearing 
 

Sincethesocketendisindoubleshear,therefreareathatresistsshearingof 
 

socketcolar 
 

=2(d4–d2)c 
 

andshearingstrengthofsoketolar 
 

=2(d4–d2) ×τ 
 

Equatingthistoload(P),w have 
 

P=2(d4–d2)c×τ 
 

Fromthisequation,thethicknessofsocketcolar(c)maybeobtained. 
 

8.Failureofrodendinshear 
 

Sincetherodendisindoubleshear,thereforethearearesistingshearoftherod 
 

end 
 

=2a×d2 

 

Andshearstrengthoftherodend 
 

=2a×d2×τ 
 

Equatingthistoload(P),wehave 
 

P=2a×d2×τ 
 

Fromthisequation,thedistancefromtheendoftheslottotheendoftherod(a) 
 

maybeobtained. 



9.Failureofspigotcolarincrushing 
 

ConsideringthefailureofthespigotcolarincrushingWeknowthatareathat 

resistscrushingofthecolar 
 
 
 
 

 

Andcrushingstrengthofthecolar  
 
 
 

 

Equatingthistoload(P),wehave  
 
 
 

 

Fromthisequation,thediameterofthespigotcolar(d3)maybeobtained. 
 

10.Failureofthespigotcolarinshearing 
 

ConsideringthefailureofthespigotcolarinsharingW knowthatareathat 
 

resistsshearingofthecolar 
 

=πd2×t1 
 

Andshearingstrengthofthecolar, 
 

=πd2×t1×τ 
 

Equatingthistoload(P)we ave 
 

P=πd2×t1×τ 
 

Fromthisequation,thethiknessofspigotcolar(t1)maybeobtained. 
 

11.Failureofcoterinbending 
 

ThemaximumbendingmomentoccursattheCentreofthecoterandisgivenby  
 
 
 
 
 
 
 

 

Weknowthatsectionmodulusofthecoter, 
 

Z=t×b2/6 
∴Bendingstressinducedinthecoter,  
 
 
 
 
 

 

Thisbendingstressinducedinthecotershouldbelessthanthealowablebending 
 

stressofthecoter. 



12.Thelengthofcoter(l)istakenas4d. 
 

13.Thetaperincotershouldnotexceed1in24.Incasethegreatertaperisrequired, 
 

thenalockingdevicemustbeprovided. 
 

14.Thedrawofcoterisgeneralytakenas2to3mm. 
 

 

Problems 
 

1.Designanddrawacoterjointtosupportaloadvaryingfrom30kNincompression 
 

to30kNintension.Thematerialusediscarbonsteelforwhichthefolowing 
 

alowablestressesmaybeused.Theloadisappliedstaticaly.Tensilestress= 
 

compressivestress=50MPa;shearstress=35MPaandcrushingstress=90MPa. 

Solution.Given:P=30kN=30×10
3
N;σt=50MPa=50N/mm

2
;τ=35MPa=35N 

 

/mm
2
;σc=90MPa=90N/mm

2 

 

1.Diameteroftherods 
 

Letd=Diameteroftherods. 
 

Consideringthefailureoftherodintension.Weknow haload(P),  
 
 
 
 
 

 

2.Diameterofspigotandthicknessofcoter 

Letd2=Diameterofspigotorinsidediameterofsocket,and 

t=Thicknessofcoter.Itmaybetakenasd2/4. 

Consideringthefailureofspigotintensionacrosstheweakestsection.Weknowthat load(P), 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

Sincethisvalueofσcismorethanthegivenvalueofσc=90N/mm2,thereforethe 
 

dimensionsd2=34mmandt=8.5mmarenotsafe.Nowletusfindthevaluesofd2 
 

andtbysubstitutingthevalueofσc=90N/mm2intheaboveexpression,i.e. 



 
 

 

3.outsidediameterofsocket 
 

Let d1=Outsidediameterofsocket. 
 

Consideringthefailureofthesocketintensionacrosstheslot.Weknowthatload(P),  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

4.Widthofcoter 
 

Letb=Widthofcoter. 
 

Consideringthefailureofthecoterinshear.Sincethecoterisindoubleshear, 
 

thereforeload(P),  
 
 
 
 

 

5.Diameterofsocketcolar 
 

Letd4=Diameterofsocktcolar. 
 

Consideringthefailureofthesocketcolarandcoterincrushing.Weknowthatload(P), 
 

30×10
3
=(d4–d2)t×σc=(d4–40)10×90=(d4–40)900 

∴d4–40=30×103/900=33.3ord4=33.3+40=73.3say75mmAns. 

 

6.Thicknessofsocketcolar 
 

Letc=Thicknessofsocketcolar. 
 

Consideringthefailureofthesocketendinshearing.Sincethesocketendisindouble 
 

shear,thereforeload(P), 
 

30×10
3
=2(d4–d2)c×τ=2(75–40)c×35=2450c 

∴c=30×103/2450=12mmAns. 

 

7.Distancefromtheendoftheslottotheendoftherod 
 

Leta=Distancefromtheendofslottotheendoftherod. 
 

Consideringthefailureoftherodendinshear.Sincetherodendisindoubleshear, 



therefore 
 

load(P), 
 

30×10
3
=2a×d2×τ=2a×40×35=2800a 

∴a=30×103/2800=10.7say11mmAns. 
 

8.Diameterofspigotcolar 
 

Letd3=Diameterofspigotcolar. 
 

Consideringthefailureofspigotcolarincrushing.Weknowthatload(P),  
 
 
 
 
 
 
 
 
 
 

 

9.Thicknessofspigotcolar 
 

Lett1=Thicknessofspigotcolar. 
 

Consideringthefailureofspigotcolarinshearing.Weknowthatload(P), 
30×103=πd2×t1×τ=π×40×t1×35=4400t1 ∴t1=30×103/4400=6.8say8mmAns. 

 

10.Thelengthofcoter(l)istakenas4d. 
∴l=4d=4×28=112mmAns. 

 

11.Thedimensioneistakenas1.2d. 
∴e=1.2×28=33.6say34mmAns. 

 
 
 
 

 

GibandCoterJoint 
 

 AGibandcoterjointisusualyusedinstrapend(orbigend)ofaconnectingrod 

asshowninFig.below.


 whenthecoteralone(i.e.withoutGib)isdriven,thefrictionbetweenitsends 

andtheinsideoftheslotsinthestraptendstocausethesidesofthestrapto 

springopen(orspread)outwardsasshowndotedinFig.12.11(a).


 Inordertopreventthis,gibsasshowninFig.12.11(b)and(c),areusedwhich


holdtogethertheendsofthestrap.Gibsprovidealargerbearingsurfaceforthe 


cotertoslideon,duetotheincreasedholdingpower. 


 Thus,thetendencyofcotertoslackenbackowingtofrictionisconsiderably
 

decreased.Thejib,also,enablesparalelholestobeused. 



 
 
 
 
 
 
 
 
 

 

DesignofGibandCoterJointforSquareRods 
 

 ConsideragibandcoterjointforsquarerodsasshowninFig.above.Therods


maybesubjectedtoatensileorcompressiveload.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

 Alcomponentsofthejointareassumedtobeofthesamematerial 





 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

Problem 
 

DesignaGibandcoterjointasshowninFig.12.13,tocarryamaximumloadof35kN. 
 

AssumingthattheGib,coterandrodareofsamematerialandhavethefolowing 
 

alowablestresses:  





KnuckleJoint 
 

 Aknucklejointisusedtoconnecttworodswhichareundertheactionoftensile loads.





 However,ifthejointisguided,therodsmaysupportacompressiveload.


 Aknucklejointmaybereadilydisconnectedforadjustmentsorrepairs.


 Itsusemaybefoundinthelinkofacyclechain,tierodjointforrooftruss,valve


rodjointwitheccentricrod,pumprodjoint,tensionlinkinbridgestructureand 


leverandrodconnectionsofvarioustypes.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

DimensionsofVariousPartsoftheKnuckleJoint 
 

 Thedimensionsofvariouspartsoftheknucklejointarefixedbyempirical 

relationsasgivenbelow.


 Itmaybenotedthatalthepartsshouldbemadeofthesamemateriali.e.mild 

steelorwroughtiron.
 
Ifdisthediameterofrod,thendiameterofpin, 
 

d1=d 
 

Outerdiameterofeye, 
 

d2=2d 
 

Diameterofknucklepinheadandcolar, 
 

d3=1.5d 
 

Thicknessofsingleeyeorrodend, 



t=1.25d 
 

Thicknessoffork,t1=0.75d 
 

Thicknessofpinhead,t2=0.5d 
 

Otherdimensionsofthejointareshownabove. 
 

MethodsofFailureofKnuckleJoint 
 

ConsideraknucklejointasshowninFig. 
 

Let P=Tensileloadactingontherod, 
 

d=Diameteroftherod, 
 

d1=Diameterofthepin, 
 

d2=Outerdiameterofeye, 
 

t=Thicknessofsingleeye, 
 

t1=Thicknessoffork. 
 

σt,τandσc=Permissiblestressesforthejointmaterialintension,shear 

andrushingrespectively. 
 

Indeterminingthestrengthofthejointforthevariousm hodsoffailure,itisassumed that 
 

 

1.Thereisnostressconcentration,and 
 

2.Theloadisuniformlydistributedovereachpartofthejoint. 
 

Folowingarethevariousmethodsoffailureofthejoint:  





 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

Problem 
 

1.Designaknucklejointtotransmit150kN.Thedesignstressesmaybetakenas75MPa 
 

intension,60MPainshearand150MPaincompression. 

Given:P=150kN=150×10
3
N;σt=75MPa=75N/mm

2
;τ=60MPa=60N/mm2;σc= 

150MPa=150N/mm
2 



Thejointisdesignedbyconsideringthevariousmethodsoffailureasdiscussed below: 
 



 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

2.Designaknucklejointforatierodofacircularsectiontosustainamaximumpulof70 
 

kN.Theultimatestrengthofthematerialoftherodagainsttearingis420MPa.The 
 

ultimatetensileandshearingstrengthofthepinmaterialare510MPaand396MPa 
 

respectively.Determinethetierodsectionandpinsection.Takefactorofsafety=6.  





 
 
 
 
 
 
 
 
 
 
 
 
 

 

Sleeveandcoterjoint 
 

 AsleeveandcoterjointasshowninFig.isusedtoconnecttworoundrodsor


bars. 


 Inthistypeofjoint,asleeveormuffisusedoverthetworodsandthentwo 

coters(oneoneachrodend)areinsertedinthehole providedfortheminthe 

sleeveandrods.


 Thetaperofcoterisusualy1in24.


 Itmaybenotedthatthetapersidesofthetw ctersshouldfaceeachotheras 

showninFig.below.


 Theclearanceissoadjustedthatwhenthecotersaredrivenin,thetworods


comeclosertoeachothertusmakingthejointtight.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

Thevariousproportionsforthesleeveandcoterjointintermsofthediameterofrod(d) 
 

areasfolows: 
 

Outsidediameterofsleeve, 
 

d1=2.5d 
 

Diameterofenlargedendofrod, 
 

d2=Insidediameterofsleeve=1.25d 
 

Lengthofsleeve,L=8d 



Thicknessofcoter,t=d2/4or0.31d 
 

Widthofcoter,b=1.25d 
 

Lengthofcoter,l=4d 
 

Distanceoftherodend(a)fromthebeginningtothecoterhole(insidethe 
 

sleeveend)=Distanceoftherodend(c)fromitsendtothecoterhole 
 

=1.25d 
 

DesignofSleeveandCoterJoint 
 

1.Failureoftherodsintension  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

2.Failureoftherodintensionacrosstheweakestsection(i.e.slot)  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

3.Failureoftherodorcoterincrushing  
 
 
 
 
 
 
 
 
 
 
 

4.Failureofsleeveintensionacrosstheslot. 



 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

5.Failureofcoterinshear  
 
 
 
 
 
 
 
 
 
 
 

 

6.Failureofrodendinshear 
 

Sincetherodendisindoubleshear,thereforearearesistingshearoftherodend 
 

=2a×d2 
 

andshearstrengthoftherodend 
 

=2a×d2×τ 
 

Equatingthistoload(P),w have 
 

P=2a×d2×τ 
 

Fromthisequation,distance(a)maybedetermined. 
 

7.Failureofsleeveendinshear  
 
 
 
 
 
 
 
 
 
 
 

 

Problem: 
 

Designasleeveandcoterjointtoresistatensileloadof60kN.Alpartsofthe 
 

jointaremadeofthesamematerialwiththefolowingalowablestresses:σt=60 



MPa;τ=70MPa;andσc=125MPa. 
 

Solution:Given:P=60kN=60×10
3
N;σt=60MPa=60N/mm

2
;τ=70MPa=70 

 

N/mm2;σc=125MPa=125N/mm2 
 

1.Diameteroftherods  
 
 
 
 
 
 
 
 
 
 

2.Diameterofenlargedendofrodandthicknessofcoter  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

3.Outsidediameterofsleeve 
 

Letd1=Outsidediameterofsleeve.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

4.Widthofcoter 



 
 
 
 
 
 
 

 

5.Distanceoftherodfromthebeginningtothecoterhole(insidethesleeveend)  
 
 
 
 
 
 
 
 

 

6.Distanceoftherodendfromitsendtothecoterhole  

























Knuckle Joint 

1. Design a knuckle joint to transmit 150 kN. The design stresses may be taken as 75 MPa in tension, 

60 MPa in shear and 150 MPa in compression. 

Given: P = 150 kN = 150 × 103 N; σt = 75 MPa = 75 N/mm2; τ = 60 MPa = 60 N/mm2; σc = 150 MPa = 

150 N/mm2 

The joint is designed by considering the various methods of failure as discussed below: 



 

 

 

2. Design a knuckle joint for a tie rod of a circular section to sustain a maximum pull of 70 kN. The 

ultimate strength of the material of the rod against tearing is 420 MPa. The ultimate tensile and 

shearing strength of the pin material are 510 MPa and 396 MPa respectively. Determine the tie rod 

section and pin section. Take factor of safety = 6.
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Problem 1 

unit-v  
 
A machine component is subjected to a flexural stress which fluctuates between + 300 

MN/m2 and – 150 MN/m2. Determine the value of minimum ultimate strength according to 

Goodman relation; and Soderberg relation. Take yield strength = 0.55 Ultimate strength; 

Endurance strength = 0.5 Ultimate strength; and factor of safety = 2. Solution. 

 

Given : 1 = 300 MN/m
2
 ;2 = – 150 MN/m

2
 ; y = 0.55 u ; -1 = 0.5 u ; F.S. = 2  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

Problem 2 
 

A bar of circular cross-section is subjected to alternating tensile forces varying from a 

minimum of 200 kN to a maximum of 500 kN. It is to be manufactured of a material with 

an ultimate tensile strength of 900 MPa and an endurance limit of 700 MPa. Determine the 

diameter of bar using safety factors of 3.5 related to ultimate tensile strength and 4 related 

to endurance limit and a stress concentration factor of 1.65 for fatigue load. Use Goodman 

straight line as basis for design. 
 



 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

Problem 3 
 

Determine the thickness of a 120 mm wide uniform pla for safe continuous operation if the 

plate is to be subjected to a tensile load that has a maximum value of 250 kN and a 

minimum value of 100 kN. The properties of the plate material are as follows: Endurance 

limit stress = 225 MPa, and Yield point stress = 300 MPa. The factor of safety based on 

yield point may be taken as 1.5. 
 



Problem 4 
 

Determine the diameter of a circular rod made of ductile material with a fatigue strength 

(complete stress reversal), σ-1 = 265 MPa and a tensile yield strength of 350 MPa. The 

member is subjected to a varying axial load from Wmin = – 300 × 10 
3
 N to Wmax = 700 × 

10 
3
 N and has a stress concentration factor = 1.8. Use factor of safety as 2.0.  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Problem 5 
 

A circular bar of 500 mm length is supported freely at its two ends. It is acted upon by a 

central concentrated cyclic load having a minimum value of 20 kN and a maximum value 

of 50 kN. Determine the diameter of bar by taking a factor of safety of 1.5, size effect of 

0.85, surface finish factor of 0.9. The material properties of bars are given by: ultimate 

strength of 650 MPa, yield strength of 500 MPa and endurance strength of 350 MPa. 
 



 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

Problem 6 
 

A 50 mm diameter shaft is made from carbon steel having ultimate tensile strength of 630 

MPa. It is subjected to a torque which fluctuates between 2000 N-m to – 800 N-m. Using 

Soderberg method, calculate the factor of safety. Assume suitable values for any other data 

needed. 
 



 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

A cantilever beam made of cold drawn carbon steel of circular cross-section as shown in 

Fig. 6.18, is subjected to a load which varies from – F to 3 F. Determine the maximum load 

that this member can withstand for an indefinite life using a factor of safety as 2. The 

theoretical stress concentration factor is 1.42 and the notch sensitivity is 0.9. Assume the 

following values: 
 
 
 

Ultimate stress = 550 MPa 
 

Yield stress = 470 MPa 
 

Endurance limit = 275 MPa 
 

Size factor = 0.85 
 

Surface finish factor= 0.89  





Unit-V 





























Unit-V 
 
Amachinecomponentissubjectedtoaflexuralstresswhichfluctuatesbetween+300 

MN/m2and – 150MN/m2.Determinethevalueofminimum ultimatestrength 

accordingtoGoodmanrelation;andSoderbergrelation.Takeyieldstrength=0.55 

Ultimatestrength;Endurancestrength=0.5Ultimatestrength;andfactorofsafety=2.  
Solution. 
 

Given:1=300MN/m2;2=–150MN/m2;y=0.55u;-1=0.5u;F.S.=2  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

Abarofcircularcross-sectionissubjectedtoalternatingtensileforcesvaryingfroma 

minimumof200kNtoamaximumof500kN.Itistobemanufacturedofamaterial 

withanultimatetensilestrengthof900MPaandanendurancelimitof700MPa. 

Determinethediameterofbarusingsafetyfactorsof3.5relatedtoultimatetensile 

strengthand4relatedtoendurancelimitandastressconcentrationfactorof1.65for 

fatigueload.UseGoodmanstraightlineasbasisfordesign.  



 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

Determinethethicknessofa120mmwideuniformplateforsafecontinuousoperation 

iftheplateistobesubjectedtoatensileloadthathasamaximumvalueof250kNand aminimum 

valueof100kN.Thepropertiesoftheplatematerialareasfolows: 

Endurancelimitstress=225MPa,andYieldpointstress=300MPa.Thefactorof 

safetybasedonyieldpointmayb takenas1.5. 



 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

Determinethediameterofacircularrodmadeofductilematerialwithafatiguestrength 

(completestressreversal),σ-1=265MPaandatensileyieldstrengthof350MPa.The 

memberissubjectedtoavaryingaxialloadfromWmin=–300×103NtoWmax=700× 

103Nandhasastressconcentrationfator=1.8.Usefactorofsafetyas2.0.  



 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

Acircularbarof500mmlengthissupportedfreelyatitstwoends.Itisacteduponbya 

centralconcentratedcyclicloadhavingaminimum valueof20kNandamaximum 

valueof50kN.Determinethediameterofbarbytakingafactorofsafetyof1.5,size 

effectof0.85,surfacefinishfactorof0.9.Thematerialpropertiesofbararegivenby: 

ultimatestrengthof650MPa,yieldstrengthof500MPaandendurancestrengthof350 MPa. 
 



 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

A50mmdiametershaftismadefromcarbonsteelhavingultimatetensilestrengthof 

630MPa.Itissubjectedtoatorquewhichfluctuatesbetween2000N-mto–800N-m. 

UsingSoderbergmethod,calculatethefactorofsafety.Assumesuitablevaluesforany 

otherdataneeded. 
 



 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

Acantileverbeammadeofcolddrawncarbonsteelofcircularcross-sectionasshown 

inFig.6.18,issubjectedtoaloadwhichvariesfrm–Fto3F.Determinethemaximum 

loadthatthismembercanwithstandforanindefinitelifeusingafactorofsafetyas2. 

Thetheoreticalstressconcentrationfactoris1.42andthenotchsensitivityis0.9. 

Assumethefolowingvalues: 
 
 
 
 

Ultimatestress=550MPa 

 

Yieldstress=470MPa 

 

Endurance limit = 275 MPa 
 
 

 

Sizefactor=0.85 

 

Surfacefinishfactor=0.89  
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