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Fastening Performance of A Bolted Joint using

A Hexagon Bolt with Flange
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‡T Introduction

In Japanese Industrial Standard (JIS hereafter) , the hexagon head bolt and the hexagon

bolt with flange (flange bolt hereafter) are standardized. Although these two types of the
bolts have some different characteristics from each other, they are treated in JIS as a same
typed bolt. However, the theoretical background of JIS concerning with this standardiza-
tion has been not clear so far. It may be important to investigate precisely the characteris-
tics of these two types of the bolt using an aculeate analyzing method such as a finite
element method.

The flange bolt has some particular features compared with the hexagon head bolt as
follows:
(1) The plain washer is unnecessary for this bolt.
(2) Compression on the bearing surface of this bolt is lower than that of the hexagon head

bolt1W).

(3) Loosening troubles with this bolt are not significant compared with the hexagon head
bolt31.

For the flange bolt, there are two types of bolt head shape called the first and second

type shapes. The first type shape is that the hexagon head is in close contact with the
plain washer. On the other hand, the second type shape is that the hexagon head is in
close contact with the washer which has a frustum of circular cone.

The distributed pressure on the connecting surface depends on the shape of the bolt

head. Therefore, the first and second type flange bolt may be distinguished by estimating
the fastening performance, although the flange bolts are used actually without distinction
of the flange shape.

The fastening performaces of the hexagon head bolt and of the first and second type
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flange bolts are effectively examined by the distributed pressure on the connecting  

Surface．  

In this paper，forinvestigating the effect ofthebolt head shapes on the fastening  

performance，thedistributedpressureontheconnectingsurfaceiscalculatedbyafinite  

elementmethodandthefasteningperformancewiththedifferentshapesofthebolthead  

isestimatedbythedistributedpressureontheconnectingsurface．  

ⅠI ConditionsforAnalysIS  

TheshapeofflangeboltisshowninFig．1．InJIS，thetaperangleoftheflangeisdefined  

tobeOdegreeforthefirsttype，andtobe15to30degreeforthesecondtype．  

Hexagon bolt with flange  

（b）Second type  （a）First type  

Fig．1SchematiciJlustrasionofflangebolt   

Ontheotherhand，OnlyonetypeofthehexagonnutwithflangeisdefinedbyJIS．The  

Shapeofhexagonnutwithflangeisalmostsameasthatofthesecondtypeflangebolt．   

Figure2showsthejointtightnedbytheflangebolt．Forinvestigatingthisboltedjoint   
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Fig．2Boltedjointthightenedbyflangebolt  

rigorously，athreedimensionalanalysisisrequired・Inthiscase，however・threedimen－  

sionalcalculationareverycomplicatedandtakealotofcomputingtimes・Therefore，the  

calculationsarecarriedoutintheaxi－Symmetriccoordinatebyreplacingthehexagonal  

SOlidwitharightcylinder．  

Z  

Fig．3Meshedmode10fboltedjoint   
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TheboltedjointshowninFig．2ismeshedasshowninfig．3．Theboundaryconditionsof  

themeshmodelshowninFig．3aredeterminedsothatallthenodalpointoftheconnecting  

surfacearefixedinthedirectionofZaxisforthecaseofno－load．Whentheforceofthe  

fixednodeduetothedeformationintheclampedplatecausedbytheappliedloadisunder  

O Newton，the boundary conditions are changed so that the condition of this nodeis  

regardedasfreeboundary．Thismeansthattheconnectingsurfacesareseparatedasthe  

pointofthisnode．Thecalculationsarerepeatedwiththeseboundaryconditionsuntilthe  

Separationontheconnectingsurfaceiscompleted．  

ⅠII Results and Discussions  

Figure4showstherelationbetweentheradiusoftheconnectingsurfaceandthepressure  
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Fig．4Retationbetweentheradiusofthecontactsurfaceandthepressure  

forthecaseof“M16”incomparisonwiththecaseof“uniform”  

forthecaseofHM16”incomparisonwiththecaseof．．uniformq・Inthisfigure，“uniform”  

meansthattheloadontheareawhichisequaltothebearingsurfaceofM16hexagonhead  

boltdefinedinJISisdistributeduniformly．Inthiscase，theboltheadisignored．  

‘‘M16”isM16hexagonheadboltinwhichtheloadisappliedontheboltshank．   

Thecalculatedcontactregionof“M16”iswiderthanthatof“uniform”．Thismaybe  

causedbythefactthattheboltheadof“M16”isdeformedbytheappliedload．Ontheother  

l▼ hand，forthecaseof“uniform，Onlythedeformationofthebearingsurfacetakesplaceby  

theappliedload．Therefore，itisnecessaryfortheanalysistoconsidertheshapeofbolt  

head．   

The relation between the radius of the connecting surface and the pressure of the   
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Fig．5Relationbetweentheradiusofthecontactsurfaceandthepressure  

Ofthehexagonheadbo）tincomparisonwiththeflangebolt  

hexagonheadboltincomparisonwiththeflangeboltisshowninFig．5．Inthisfigure，  

“M16”isM16hexagonheadboltand‘‘Flange”isM16flangeboltofthefirsttype・   

The calculation shows that the distributed pressure of“M16”is higher thanthat of  

”Flange’’attheboltholeedgeandthecontactregionof“FlangelSWiderthan“M16’’・                                                                                                                        ▼▼  ■  

Il■ Sinceitisclearthatthe area ofthebearingsurfaceof“FlangelSWiderthanthatof  

”M16”，the calculated results on the distributed pressureindcate that the distributed  

pressureof”Flange”atthebearingsurfaceedgeishigherthanthatof“M16”・Thismay  

bealsocausedbythefactthatthedeflectionof＝Flange叩islargerthanthatof“M16”，  

becausethehexagonheadsixeoftheflangebotinJISisonesizesmallerthanthatofthe  
hexagonheadbolt．  

It maybe conclude from the results of the calculation that using the flange boltis  
effectiveforsealingandsinkingofthebearingsurface，becauseofthewidecontactregion  
ontheconnectingsurfaceandthelowdistributedpressureattheboltholeedge・   

Therelationbetweentheradiusoftheconnectingsurfaceandthepressureoftheflange  
boltwithchangeofthetaperangleoftheflangeisshowninFig．6．Inthiscase，theheight  

oftheheadandthediameterofthebearingsurfacearetakentobeconstant．Theheight  
andthediameterarerespectively15mmand30mm・Inthiscase，theshapeofthebolthead  

issameasthefirsttypeflangeboltwherethetaperangleoftheflangeisequaltobeO  
degree．   

Whenthetaperangleoftheflangeincreases，thedistributedpressureattheedgeofthe  
boltholeisdecreasedandthecontactregionoftheconnectingsurfaceisincreased・This  

maybecausedbythefactthattherigidityoftheflangeisincreasedproportionallywith   
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increasingthetaperangleoftheflange．Thisindicatesthatthelargetaperangleofthe  

flangeiseffectiveforfasteningperformance．Thelargertaperangleoftheflange，Which  

requiresahigherboltheadinsize，however，mayhavedisadvantagefordesigningofthe  

boltedjoint，becauseofdifficultyforusingofatighteningtool．   
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Fig．6ReLationbetweentheradiusofthecontactsurfaceand pressure  

OfthefIangeboltwithchangeofthetaperangleoftheflange   
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Fig．7Relationbetweentheradiusofthecontactsurfaceand pressure  

OfthefIangeboltwithchangeofbearingsurgacediameter   
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Therelationbetweentheradiusofthecontactsurfaceandthepressureoftheflangebolt  

withchangeofthebearingsurfacediameterisshowninFig．7．Inthiscase，theheightof  

theheadandthetaperangleoftheflangearetakentobeconstant・Theheightandthe  
taperangleare，reSpeCtively，15mmand30degree．  

Itisobservedthatthecontactregionisincreasedwithincreasingdiameterofthebearing  

surfaceinthisfigure．However，theincreasingrateofthecontactregionbychangingthe  

diameterofthebearingsurfacefrom30to33mmislowerthanthatbychangingthe  

diameterofthebearingsurfacefrom27to30mm・Thismaybecausedbythefactthatthe  

flangewiththelargediameterofthebearingsurfacehaslowbendingrigidityand，aSa  

result ofthis，the flangeis deflected easily，and also the flangeis sprung out by the  

Clamplngforce．  

Ⅳ Summary  

TheobtainedresultsbythepresentcalculationsuSingthefiniteelementmethodforthe  
hexagonheadboltandtheflangeboltaresummarizedasfollows：  
（1）Itisnecessarytoconsidertheshapeoftheboltheadforanalysingfasteningperfor－   

manceoftheboltedjoint，becausetheboltheadisdeformedbytheappliedload・  

（2）Thecalculationresultsshowthatthecontactregionofthefirsttypeflangeboltis   

widerthanthatofhexagonheadbolt．  

（3）Whenthetaperangleoftheflangeorthediameterofthebearingsurfaceincrease，the   

distributedpressureattheedgeoftheboltholeisdecreasedandthecontactregionof   
theconnectingsurfaceisincreased．  

（4）Thelargeflangeangleandlargediameterofthebearingsurfaceareeffectiveforthe   

fasteningperformance．However，thelargerheadshapeinsizethanthatstandardizedin  

JISmayhavedisadvantagefordesigningoftheboltedjoint・  

（5）Itis confirmed that the head shapes of the flange bolt standardizedinJIS are   

appropriateforobtainingtheproperfasteningperformance・  

（6）The flangeboltis effective for fastening compared with the hexagon head bolt，   

becausethecontactregionoftheflangeboltiswiderthanthatofthehexagonheadbolt・  

（7）Theflangeboltisavailableforpreventionofthesinkingofthebearingsurfaceandthe   

Sealing．  
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