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Thread Stripping Analysis using the BOLTCALC Program

When an external thread (such as a bolt) is engaged into an internal thread (nut or tapped hole) and the fastener tightening, there are,
in general, three ways in which the assembly can fail. By tensile fracture — usually across the threaded section, by the internal thread
shearing and thirdly, by the external thread shearing.

The height of a standard nut has been established on the basis that the load to cause thread stripping is greater than the tensile
fracture load. (Assuming that the appropriate property class of nut is matched to the bolt.)

The reason for this design criteria is that bolt fracture is sudden and it is apparent that a replacement part is needed. Thread stripping
is progressive and can occur over a period of time. Thus, at the time of assembly it may not be apparent that anything is wrong. The
risk is then that a defective product may enter service.

The BOLTCALC program will check if thread stripping will occur and the minimum length of thread engagement needed to ensure that
the bolt will fracture first.

In this example an M12 bolt (property class 10.9) is used to secure a bracket to a casting

that is made from spheroidal graphite cast iron of tensile strength 500 N/mm?. T
The tolerance class of the bolt thread is 6g and that of the internal thread is 6H. A tapping )
drill of 10.2 mm diameter was used to form the internal thread. The bolt has a black oxide =
finish. -
Will either the internal or external thread strip before the bolt will break?
Below: Start BOLTCALC ensuring that the units are set to metric. On the main menu do to
'‘Analysis Type' and then click on the entry marked 'Thread Stripping Analysis'. A form will £
appear that requests the value of the friction coefficient in the bolt threads. (The reason why E E',,
this is important is that it influences the bolt failure load when the fastener is being torqued.) els
w
Click on the button marked 'Select Thread Friction Value'
@ BOLTCALC v5.55 - Analysis of Concentrically and Shear Loaded Bolted Joints M=13 Spheroidal Graphite
File Edit Units BEGE e RUE Help Cast Iron

e B Initial Balk Size Estimat _ = = X o
efale rsersene WOAR] o (R 2] f Gvecumenv_E5on

Thread Stripping Analysis

® Thread Stripping Friction Form

i
i
Joint Analysis I

T Friction coefficient [
Select Thread Friction Value i i el i

On this form the program allows the uzer to enter the fiiction coefficient ~
present in the thieads. By allowing for thread fiction the program will
determine the reduced tensile force needed to fracture the thread cross
section ag a result of the torsional stress induced by the lightening
process.

If the bolt breaks on tightening, it is obvious that & replacement is
required but not so with thread stripping that tends to be gradual in
nature, Becauze a bolt, when it iz being tightened, experiences both
direct tensile stress and torgional stress, the direct tension force present
i the bolt at failure will be lower than the direct force that would fail the
balt without torsion being present. By allowing for the tarsion effect, the
engineer can investigate the optimum length of engagement for torque
tightening applications.

The thread friction value i determined by the finizh applied and the state

£

v Continue

Allows a thread stripping analysis to be completed hetric Units
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Thread Stripping Analysis using the BOLTCALC Program (continued)

(Side) The Thread Friction Coefficient Form will appear.

Selection of the Thread Fri

. i fl i el
Select the entry shown and then click the 'Ok’ button. o
Details about Thread Finish/Lubrication
| Anti Seize
L. ' . ' Lo | Beldonite ASC B
(Below) On clicking 'Continue' from the Thread Stripping Boruton FH-31
Friction Form, the Thread Strength Data Entry Form will e
appear. To enter details about the thread, click on the | |Black oxide steel bolt with a cut & viled thiead, female thread in cast iron
' '
button marked 'Access the Thread Database'. in alumini
h Diata Entry Form ) | - ‘ > ‘ " |
Theesd Diatsk
o Extemnal Theead Irbemal Theesd Thiead Finish Black oxide steel bolt with a rolled & oiled thiead. female thread in cast iron
Theaad Descrgton Marniam Mrarm Mmarm Mruram
Beh Dinstes [0 Thesdfach 10 M Dia 0 0 Mo i ] Minimum Value Mean Value Masimum Value
Pich D, |0 0 Pich Dia. [0 0 Source of Data |¥DI 2230 ‘Systematic Caloulation of High Duty Bolted Joints" |
Access the Thread Database Minar D 0 u] MinorDia. |0 o Notes |Friction range quoted in source |
e Thread Friction Coefficient The minimum friction value is normally selected since this wil
Mastrsal Progeties foe the Fiermal Thirad Matrel Frogwties fee the Intsemal Thinad to be used in calculations I’Eﬁh':“ in the "“"‘mumd"gmemﬂg torque so that the risk of over
. aly ~en - lantening 1= minimise
Min. Extainal Strength 1) pry Mutersiuzed (S 5teel  OCsmtion O5GCastion O Akmwme (O Othe Basis of the Tightening Torque Calculation
M. Expemal Shencth 0 e i i sl TSl (&) Minimum Friction Value O Average Friction Value © Maximum Friction Value
Rt ol Towusde Iy 0.000 . o . . .
Shess Suencth o i If you wish to change or enter your own values for the friction coefficient into the database - this
M Ehoar Sirnch [0 Nifoerd Tensle 0 [T ﬂ:‘;."h':*s'"" RT3 Shos |0 Mt cannot be completed from this form. To change or add data you must use the separate database
Stength bl editor program.
Tappng Dl Detad
Themad Ergagement Datal: T T e ‘appng Dl Detads « OK X Cancel | ? Help ‘
Linghi il THmss fy) @ Pise/Caiting L Boss/Mut U i s
Engagement > 5 & Ho Oies
Fasters Chiamier Delads . ®)
Chamier of Fastensr Thessd prasent within the engepsd kength? (es (3 No Thread Size Database for M asteners |
o 0 ngRatin| | 03 ——
LA Thiead Details [M12 2 1.7 Coarse Thisad A e Thiead Size Detals ~
P / : - P M5 » 0.8 Coarse Thiead
@ None (10ne (I Two Please Note: All dimensions are in mm Thiead Diameter 2 i M. M5 % 0.5 Fine Thisad
o b Dther Details (Please Note: A zero indicates that infarmation is not available) M55 £ 05 Fine Thiead
[ 0 ] X comit | 7 1w ‘eanae Hoke Dot M 8okt besing o mg ; ; ?;:S;TT:’::
% Fine Seiiss Fain Nut/Bol
& M7 1 Coarse Thiead

17 » 0.75 Fine Thread
48« 1.26 Coaise Thiead

£ Medim Series Flanged Fastenes

(Side) The Thread Size Database form will appear - select

) 4 . & Coarse Series Socket Head Cap Screw
the M12 x 1.75 entry as shown. Details about this thread will St Baentzeast S e Tl
appear on the form. Click the 'Ok’ button to return to the M103 1.5 Coarse Thiead

. Thiead Dimensional Tolerances W10 % 1.25 Fine Thisad
preVIOUS fOI"m. Thiead tolerances are based upon tolerance classes, 1411 1.5 Coarse Thread
. . Evtemel n’“ervalgximum Hinimum fernel Th'aa’aammurﬂ Hininum M1231.25 Fine Thread

(Below) Details about the M12 thread selected will now be - - 141 5 Fne Thiead
. " t14 % 2 Coarse Thiead

transferred to this form. To define the strength of the bolt Fich D Pich Dia M1 2 Costse Thizad

W16« 1.6 Fine Thread
118 3 1.5 Fire Thread
1185 2.5 Coarse Thiead 3

Minor Dia

click on the button marked 'Access Bolt Material Database'. i@

T apping DiillDiameter (bazed upen the 150 2306 standard

(Below- right) On the Fastener Material Selection form that o
now appears, select the 10.9 entry. Details about this

property class will appear on the form. Click the 'Ok’ button to v B | Xcma| 7 bew |

accept.

Thread Strength Data Cntry Form (X Fastener Material Selection ﬁ
Thisad Distads e iy 5 5 : ; 5 ; —
Theoad Descipion]M12 x 1,75 Coarsa Theead (e BN, (B Fastener Material Selection ‘ Mecharical and Physical Property nfarmation | Fastener Head Marking Dietails

Bl Diametns (12 Thead Pich |1 75 Major Dia |11 565 1.0 Maiee Dia 12 Standards Drganisation Property Class or Grade Property Class A
PichDia 10829 | (10670 | PichDia (11063 10883 @al k] |

(150 - Intemational Organization for Standardization
() SAE - Society of Automative Enginssrs
() ASTM - American Society for Testing and Materials ‘ ‘

Mahinal Propeses for the Exemal Thesad Matansl Propestie: b the Inteinal Theead Standard

Size limitations quated

Access the Thread Database Mirer Diip. 10,077 9 602 Mirex Dia. [ 10,441 10 106

Maded

Min. Exipenal Sengh Moorlused (ISmel  Ofashon O5GCathon  OAkmnkm (0%
ks D s ke 130 8381 Mecharical properties of fasteners made of carbon steel and alloy steel.
MAL St et |0 L Dipscaphon ot e malenal | S1e8|
Fiata of Tencia 1 < - -
SM"JNTW ® 0.0 Material Details
i Mirimn [
Min. Shea Strengh |0 Moot Tersie |0 Mima? P?ﬁ?ﬂlh 0E Shew 0 et Carbon steel with additives quenched and tempered or altermatively alloy steel quenched and
e n Siangth Shrngth tempered
Tappng Ol Detads
e o Db of whl S theret o Logmoeed ik x T ey Property Informat
ergih ol Thnod [ © Poia/Cutig.  Cl Bovatha ey Property Information
Ergagerend o OYes
Yield Shess Mémré Minimum Tensile Stiength 1040 Wimn? -
Fasherer Chamier Distadr =
Chamter of Factnner Thuead possnn vahn the rrgaged leng? ) e (3o &)@ 2
5 g fiaka 1,03 ) .
L The information presented here are limited abstracts from the standards. They sre for quideling use oy, please refer ta the

Counverink Detals latest original standards to check the detail and validity of the information provided for pour own application
D Mern Ci0mm O Tem Please Note: All dimensions are in mm

Husber of sides that P
arn couniresrk « 0K x Qam:el| 7 Help |

¥ O | X et | 7 e |
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Thread Stripping Analysis using the BOLTCALC Program (continued)

Thraad Strength Data Entry Form £|
(Side) Details about the bolt strength will now be transferred Theesd Derais Furrol Thiad el Thrad
. Theead Dheacription| M12 x 1,75 C4 Thread i ot s,
onto this form. (Note that the property or thread values can EREL LD o P o i, M M
A ) . . Bk Dismetes |12 Thessd Pech 1,75 Lot il Msion Diia.
be entered directly onto this form if known.) To enter details -~ prchoia [1a7s | [mara ||| Pichoia [11053 | 10863
about the internal thread properties, click the button marked Access the Thread Database Wi Oia (10072 |[E02 | |MiesDin 10,401 [10.108

SG Cast Iron and enter 500 as the minimum tensile strength. :

et the F. Thenad i - e Irterraad Thiead
. Min Extemal Strength | 1040 N Materinlumedt (0 S1eel CCatlor @56 Castlion O dhumim O Othr
Below: Enter 15 as the thread engagement length and click M Bl St 1250 T N _ _
on the Yes button to indicate that a chamfer is present at the oo Tendets 555 it R S oo Sophos Cadi v
end of the bolt thread - a default chamfer equal to the pitch of Wi Sk Shength (503 et || T i PR T o g.:“‘: e N
. . . . r B L Bl Etrngl
the thread is automatically included. Click the Yes button to [ Accoss Hott Matovial Databise_| | 72"
i H : H ; H Thiesd Engageiier, Delaks : ; Toooma Ll Do
indicate that a tapping drill diameter is used. Click the 'Ok’ o T RS PR | A i i ot s
button on the form to allow the results to be calculated. T Sl i
Fastener Chamier Datad:
Chasslen ol Fastermr Thumad provent valh e ergaged lengh? () Yer (5 Mo -
Lerth of Biehmouthing (B Belimeuthing Fatia || 03
Data Entry Form Lournirank Lideal
= @lone Di0ne OTwe Flease Note: All dimensions are in mm
W Exteinal Thisad Inemal Thiesd Mumbar of sides thot =
Thiesd Desciption 12 x 1.75 Coarse Thiead Mairian Wirian Wi Wl s countaunk
Bk Dnaneter 12 ThesdPich 175 MeieDia 11965 | 11701 |y pia 12 v o | X Cancel | 7 Heln

Pich D | 10.829 10679 PachDia 11.063  ||10.863

Accoss the Thread Database Mince Diia. | 10.072 | | 90602 Mimx Dia 10,441 101106

& BOLTCALC v5.55 - Analysis of Concentrically and Shear, Loaded Bolted Joints

Ratio of the shear to tensile strength
Minimum Shear Strength

0.580
603.00 Hfmm=
& chamfer is present on the end of the thread.

Length of Chamfer = 1.750 mm

beatacal Proparies fn th Eanal Theaa Mutaral Propasees it néamal Thvead Fle Edt Unts AnalysisType View  Help
Min. Exteinal Stiength [1040 [y Matgidused (CSteel  OCatlhon (@56 Cathon  Otkmrmm O Otber N = =
M Ertemal Stiersgh | 12301 E B" 2] ﬂﬂﬁ"@ﬁd%ﬁ w‘ﬂ&‘ﬂﬂ [Z Metric Units in Usel BT Cha
. Exdemal Shevgh |17 et
A MM | | O ecapion s the medsial | Sehoraidal Graphita Casl ion Thread Strength Analysis Results
i o
Show Stiongth |20 BOLTCALC v5.55 THREAD STRENGTH AHALYSIS RESULTS ~
g e ) Mirmman =
Min Shear Suengeh 603 W | | B o nimp e KTl oo Shea |25 N
; Stiength This analysiz was completed on Monday, July 7, 2003, at 09:04 AM
Access Bolt Material Database L ¥ o ¥
Thinad Engagement Dietad: ol ol el T e b lpad Ea] Ll 18 el THREAD DETAILS Thread: M12 x 1.75 Coarse Thread
Legth o Thiesd [ ) Flais canig OB“’"‘"IM‘“ ’ Tappig Dl Dismates 12 b uzed in thresd stipping ¢slculatons T
Engageiert (o) @ es EXTERHAL THREAD
) ) The delsuk Taopina Dl Dismess Maximm Major Dia. = 11.966 mm
F actesies Chamies Delds Topping Bl Dismeies 10,2 ini S i
Chamis of Fastoner Thinad punsont within the ergaged kngth? (&) ve: () N “‘”“"'mw Minimm Major Dia. = 11.701 mm
Lengih of Chomins | 1.75 Lergih ol 6 g Flatia[1.03 Maximm Pitoh Dia. = 10.829 mm
T Minimum Pitch Dia. = 10.679 mmn
v § : :
Glom Clim O T Plaasa Note: All dimensions are in mm Maximmm Minor Dia. = 10.072 mm
Numibes of zidss that - 1 Minimum Minor Dia. = 9.602 mm
an cuurkessunk, Minimum Tensile Strength = 1040.00 H/mm?
v o | x :m¢|| ? e Maximum Tensile Strength - 1230.00 Hjmm

v

hetric Units

TUTENWAT mmoan

& BOLTCALC v5.55 - Analysis of Concentrically and Shear Loaded Bolted Joints =] . .
Fia Ft Unis AncksisTyps Vow  Hel (Above) The results of the analysis will be presented, scroll
e e ) 2 T e 20 B o R 2| f D etic Untsinussl 3 Cha down the form to check the results.

Thread Strength Analysis Results

Minimun Tensile Force to fail the Fastener §3992.781 H ~

Maximum Tensile Force to fail the Fastener - 105504.050 ¥ B (Slde) As can be seen from the results, the bolt will fail by
Fastensr Failure Forces Allowing Tor Combined Temsion-Torsion Loading: tensile fracture before the threads will strip. The program
Minimm Tension-Torsion Failure Load T Teais n calculates that this will occur for lengths of engagement

When the bolt/screw is being tightened it experiemces both tension and longer than 9.7 mm. Hence the length of engagement could
pragt el fospdivbrg iyl g be reduced to 10 mm if wished.

thread <friction value, higher will bhe the induced torsion and lower
will be the direct force that results in fastener failure.

The thread stripping analysis also includes facilities to allow

e Tmeces Stripping Force - 154001.634 1 for threads tapped into bosses and to allow for effects such
Minimm Internal Thread Stripping Foree = 167723.633 N as bell mouthing and countersinking of the tapping hole.
Relative to Torgue Tightening: y Details about these effects can be found in the program's
tor ot oty e Theea Do user guide or the help files that the program uses.
Critical Length of Thread Engagement = 9.719 mm =

Metric Un;a
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