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Reliability preload methods prEN 1090-2:2017 

Foreword 

This d o c u m e n t is an upda ted vers ion o f d o c u m e n t N 232 o f WG2 o f CEN TC 135 wh i ch was issued in 

January 2012 and w h i c h was accepted by CEN TC 135 W G 2 . 

The reason f o r th is upda te is t h e fact t h a t in t h e C E N T C 135 d o c u m e n t N 798, w h i c h has n o w 

been sent t o CEN in p repara t i on fo r t he 2nd Enquiry, t he ear l ier by WG2 accepted last paragraph o f 

clause 8.5.1 is replaced by an ear l ier tex t wh i ch was dec l ined by W G 2 . 

The t e x t in d o c u m e n t N 289, da ted 2016-05-16 , wh i ch was accepted by CEN/TC 1 3 5 / W G 2, is: 

"The potential loss of preloading force from Its initial value due to several factors, e.g. 

relaxation, creep of surface coatings (see Annex G.4 and Table 16) is generally considered in the 

combined method specified in 8.5.4 except for thick surface coatings." 

In d o c u m e n t N 798, da ted 2 0 1 6 - 0 7 - 1 1 , sent t o CEN fo r enqu i ry , t he tex t as w r i t t e n in d o c u m e n t N 

289 is rep laced by t h e f o l l o w i n g tex t ear l ier dec l ined by W G 2: 

"The potential loss of preloading force from its initial value due to several factors, e.g. 

relaxation, creep of surface coatings (see Annex F.4 and Table 17), is generally considered in 

the tightening methods specified belov[/ except for thick surface coatings." 

This rep lacemen t is in fu l l conf l ic t w i t h t h e conclus ions in d o c u m e n t N 232 o f WG2 o f CEN TC 135 

wh i ch was issued in January 2012 and wh i ch was accepted by CEN TC 135 W G 2 , resu l t ing in t h e tex t 

as s ta ted in d o c u m e n t N289. 

This is t h e reason fo r mak ing th is upda ted vers ion o f d o c u m e n t N 232 o f W G 2 o f CEN TC 135 w i t h 

t h e a im t o o v e r c o m e t h e oppos i t i on against t h e or ig ina l ly accepted tex t by add ing a m o r e nuanced 

v i e w t o t h e t i gh ten ing p rocedures , bu t sti l l sat is fy ing the 95% rel iabi l i ty demands asked fo r by EN 

1990 "Basis o f s t ruc tu ra l des ign" t o all s t ruc tu ra l c o m p o n e n t s , inc lud ing p re loaded bo l t assembl ies. 

W i t h t h e tex t as g iven in d o c u m e n t N 798 a n u m b e r o f t i gh ten ing p rocedures fo r p re loaded bo l t 

assembl ies do no t a lways sat isfy th is d e m a n d . 

A n o t h e r reason fo r th is upda te is the fac t t h a t t he re ferences in d o c u m e n t N 232 (January 2012) are 

based on t h e present EN 1090-2 :2008- i -A l :2011 . As th is code is in t h e f ina l stage o f rev is ion, t h e 

re ferences in th is n e w vers ion o f d o c u m e n t N 232 are n o w based on t h e latest vers ion o f prEN 

1090-2 p resen ted as CEN TC 1 3 5 / W G 2 d o c u m e n t N 798. 

A smal l n u m b e r o f la ter insight cor rec t ions w i t h m i n i m a l in f luence on t h e conclus ions are also made 

in th is ve rs ion . 
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1 G e n e r a l 

This eva lua t ion is based on t h e descr ip t ion o f t h e m e t h o d s f o r t i gh ten ing o f p re loaded bo l t 

assembl ies as g iven in EN 1090-2. The execu t ion o f t he f o u r m e n t i o n e d t i gh ten ing m e t h o d s are 

eva lua ted w i t h respect to the re l iab i l i ty o f t h e the i r ab i l i ty to fu l f i l l t he nomina l m i n i m u m pre load 

fo rce Fp,c= 0 ,70U^As as d e m a n d e d in EN 1993-1-8. 

The value o f fp ,c= QJOf^bAs is accepted in clause 8 .5 .1 . o f EN 1090-2. This value has t o be reached 

w i t h a 9 5 % re l iab i l i ty as asked f o r in clause 4.2 o f EN 1990. To prove the re l iab i l i ty o f t h e 

p re load ing process a Gaussian d i s t r i bu t i on is used as m e n t i o n e d in clause 4.1.2 (4) o f EN 1990. 

The designer can t rus t on a durab le in s i tu va lue o f t h e bo l t p re load w i t h a 95% re l iab i l i ty o f t h a t 

value w h i c h he uses in his design ca lcu lat ions. 

Based on t h e assumpt ion t h a t t he plates in t h e connec t ions are fu l ly snug t i gh t c l amped in t h e f i rs t 

s tep o f t h e t i gh ten ing p rocedure , in th is paper the re l iab i l i ty is eva lua ted t h a t t he requ i red pre load 

Fp,c= 0,10 UiAs is reached in t h e second s tep o f t h e t i gh ten ing p rocedure i ndependen t on wh i ch one 

o f t he f o u r t i gh ten ing m e t h o d s is used. 

Clause 8.5 o f EN 1090-2 gives t h e f o u r t i gh ten ing m e t h o d s a l l owed in EN 1090-2 f o r t h e p re load ing 

o f bo l t assembl ies. 

1. The t o r q u e m e t h o d 

2. The c o m b i n e d m e t h o d 

3. The HRC m e t h o d 

4 . The d i rec t tens ion ind icator (DTI) m e t h o d 

For all f ou r m e t h o d s , the p re load ing o f t h e bo l ts has t o be execu ted in t w o steps. The f i rs t s tep is 

needed t o be sure t h a t t he package o f steel p lates is fu l ly c lamped t o g e t h e r be fore t h e f ina l 

p re load ing o f t h e bol ts s tar ts . 

In the second step the bo l t assembl ies shall be tens ioned t o a level o f at least t he requ i red pre load 

Fp,z = 0 , 7 0 a s k e d f o r by t h e design w i t h a re l iab i l i ty o f at least 95%, bu t the bo l ts shou ld no t be 

e longa ted t o o close t o fa i lu re . This means t h a t t h e second s tep asks f o r a m u c h h igher level o f 

accuracy and con t ro l t han the f i rs t s tep. The steps f o r each t i gh ten ing m e t h o d are exp la ined in 

clause 8.5.2 t o 8.5.6 o f EN 1090-2 . See chap te r 5 o f th is d o c u m e n t . 

For th is eva lua t ion t h e " r o t a t i o n - b o l t fo rce cu rve " is used as descr ibed in EN 14399-2 "H igh -

s t reng th s t ruc tu ra l bo l t assembl ies f o r p re load ing " clause 1 0 . 1 . See f igure-2 in Annex C o f th is 

d o c u m e n t . 

This curve is numer ica l l y speci f ied in tab les 8 and 9 o f EN 14399-3 and tab les in 6 and 7 o f EN 

14399-4 f o r t h e character is t ic o r nomina l m i n i m u m value l ine fo r t h e " r o t a t i o n - b o l t fo rce cu rve " o f 

EN 14399-2 f o r HR and HV bo l t assembl ies by t h e ro ta t i on o f t he nu t re lat ive to the bo l t shank. 

In clause 7.2 o f bo th EN 14399-3 and EN 14399-4 the character is t ic m a x i m u m value o f th is curve is 

de f ined as Fbimax^ 0 , 9 / , ^ A„ caused by t h e c o m b i n a t i o n o f tens ion and shear stresses. 

This means t h a t t h e resu l t ing pre loads, w i t h a 9 5 % re l iab i l i ty f o r t h e lowest values and a 9 5 % 

re l iab i l i ty fo r t h e h ighest values o f t h e stat ist ical dev ia t ion shall be b e t w e e n 0,10f^^As and 0,90 f^^. 
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The results o f th is eva lua t ion are summar i zed in t h e r o t a t i o n - b o l t f o rce f igures in Annex D o f th is 

d o c u m e n t . For these f igures 10.9 HV and 10.9 HR bo l t assembl ies w i t h 2d<t<6d d imens ions are 

used. 

NOTE : No human inaccuracies are taken into account in this evaluation. 

NOTE : The statistical influence of the torque tools on site on the result are taken into account for the 

Torque method. For the accuracies of the test apparatus used during the fabrication of the bolt-

sets are supposed to be included in the values mentioned in the concerning codes (EN 14399-3 

and EN 14399-4). 

2 C o n c l u s i o n s 

2.1 Reliability of the tightening methods. 

Clause 8.5.1 o f EN 1090-2 de te rm ines t h a t "unless o t h e r w i s e speci f ied t h e nomina l m i n i m u m 

pre load ing fo rce Fp,cShall be taken as 0 , 7 / ^ ^ " . This va lue agrees w i t h t h e nom ina l va lue t o 

be used as t h e pre load f o r bol ts in t h e design ca lcu la t ions accord ing t o EN 1993-1-8 clause 

3.6. 

EN 1990 prescr ibes in clause 4.2 t h a t th is nom ina l m i n i m u m pre load Fp,c= 0 ,7 /^bAs, shall be 

avai lable in si tu w i t h a re l iab i l i ty o f 9 5 % accord ing t o a No rma l d i s t r i bu t i on . 

The resu l t ing values o f t h e re l iab i l i ty o f t he pre loads execu ted accord ing t o t h e f ou r 

p re load ing m e t h o d s m e n t i o n e d in EN 1090-2 w i t h Vk < 0,06 as speci f ied in t h e EN 14399 

series are d e t e r m i n e d in chapter 5 o f th is d o c u m e n t as: 

1 . The To rque m e t h o d re l iab i l i ty < 95 % ^' 5.2.2 

2 . The Comb ined m e t h o d : re l iab i l i ty 100 % 5.3.2 

3. The HRC m e t h o d : re l iab i l i ty = 95 % 5.4.3 

4. The d i rec t tens ion ind icator (DTI) m e t h o d : re l iab i l i ty < 95 % ^' 5.5.2 

The re l iab i l i ty w i l l become 9 5 % prov ided t h a t t he fac to r 1,10 in the second s tep 

descr ibed in clause 8.5.3 EN 1090-2 :2017 w i l l be cor rec ted t o 1.12. 

The re l iabi l i ty w i l l become 9 5 % prov ided t h a t t h e res t r i c t ion " N o more t h a n 10 % o f 

the ind ica tors in a connec t i on bo l t g roup shall exh ib i t fu l l compress ion o f t h e 

i nd i ca to r " w i l l r e tu rn in EN 1090-2 :2017 . 

However , t h e To rque , HRC and DTI m e t h o d shou id p rov ide the character is t ic p re load Fp,c = 

0,7/ubAs w i t h 9 5 % re l iab i l i ty jus t at t h e m o m e n t o f f in ish ing t h e second s tep. They d o n ' t have 

any reserve capaci ty f o r t he la ter emerg ing re laxat ion o f t h e bo l t -sets , o r even tua l l y 

emerg ing c reep due t o creep o u t o f t h e surface coat ings b e t w e e n t h e con tac t faces. For t h a t 

reason these t h r e e p re load ing m e t h o d s are no t su i tab le f o r all app l ica t ions because t h e r e are 

no pract ical on si te p rocedures avai lable f o r a re l iable re t i gh ten ing o f t he p re loaded bo l ts . 

2.2 Retightening preload during tests. 

To a l l ow t h e use o f these f o u r t i gh ten ing m e t h o d s f o r slip res is tant connec t ions , t h e tes ts t o 

d e t e r m i n e t h e slip fac tors f o r t h e d i f f e ren t sur face app l i ca t ion (e.g. f o r co r ros ion p r o t e c t i o n 
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or f r i c t i on improv ing ) systems fiave t o be executed w i t h o u t any re t igh ten ing o f t he bol ts t o 

reach or ig inal p re load as reached a f te r t he second t i gh ten ing s tep . The slip fac tors as 

m e n t i o n e d in Table 1 8 o f EN 1 0 9 0 - 2 , o r as a resul t o f s imi lar tes ts , wh i ch sat isfy th is 

r e q u i r e m e n t . 

If slip fac tors are d e t e r m i n e d by tests using re t igh ten ing a f te r t h e second s tep, th is fact and 

t h e a m o u n t o f re t i gh ten ing shall be m e n t i o n e d in t h e spec i f i ca t ion f o r t h e execut ing o f t h e in 

s i tu p re load ing o f t he bol ts , inc lud ing a pract ical ins t ruc t ion a f t e r w h a t t i m e and h o w t o 

re t i gh ten the bol ts in pract ice on si te a f te r t he second s tep. 

As f o r tens ion resistant connec t ions t h e design code EN 1 9 9 3 - 1 - 8 de te rm ines the 

character is t ic p re load Fp,c> 0 , 7 f.bAs w i t h 9 5 % re l iab i l i ty avai lable du r ing life t i m e , t h e 

Comb ined m e t h o d on ly is avai lable f o r p re load ing t h e bo l ts w i t h o u t a f t e rwa rds re t i gh ten ing . 

W h e n using the o t h e r t i gh ten ing m e t h o d s , re t i gh tened may on ly be used if a re l iable, we l l 

t es ted , re t i gh ten ing m e t h o d is spec i f ied . 

2 . 3 Rotat ion- bolt force curve. 

The c o m b i n e d m e t h o d is based on an e longa t ion o f t he bo l t shank by a con t ro l l ed r o t a t i on o f 

t h e nu t re lat ive t o the bo l t shank. The pre load values reached by th is p re load ing m e t h o d are 

all close t o the max ima l pre load force in t h e " r o t a t i o n - b o l t f o rce cu rve " as requ i red in t h e EN 

1 4 3 9 9 - 2 w i t h t h e G i and 6 2 values m e n t i o n e d in EN 1 4 3 9 9 - 3 and EN 1 4 3 9 9 - 4 (See Annex C o f 

th is d o c u m e n t ) 

2.4 Reliability Torque method 

For t h e t o r q u e m e t h o d , t h e requ i red K2 class H R or HV bo l t assembles accord ing t o t h e 2 0 0 5 

EN 1 4 3 9 9 - 3 or EN 1 4 3 9 9 - 4 d id no t fu l ly fu l f i l l t he re l iab i l i ty o f 9 5 % under the cond i t i ons as 

m e n t i o n e d in EN 1 0 9 0 - 2 0 0 8 h - A 1 : 2 0 1 1 . 

To ove rcome t h e d iscrepancy b e t w e e n EN 1 0 9 0 - 2 , t h e p resent EN 1 4 3 9 9 : 2 0 1 5 series "H igh -

s t reng th s t ruc tu ra l bo l t i ng assembl ies f o r p re load ing " changes t h e i r va r ia t ion fac to r f r o m 

\/k = 0 , 1 0 t o = 0 , 0 6 as m e n t i o n e d in prEN 1 0 9 0 - 2 . 

The Torque m e t h o d th is V^, = 0 , 0 6 has t o be c o m b i n e d w i t h t h e accuracy o f t h e needed 

t o r q u e t oo l speci f ied as ± 4 % in clause 8 . 5 . 1 EN 1 0 9 0 - 2 . 

The re fo re , t h e mu l t i p l i ca t i on fac to r o f 1 ,10 , m e n t i o n e d in clause 8 . 5 . 1 0 b) in EN 1 0 9 0 - 2 t o 

d e t e r m i n e the mean va lue t o Fp,c= 1 ,10 . 0,1 fu^s=>Fp,c= 0,11 f^^As. shall at least be changed 

t o a fac to r o f 1 ,12 leading t o Fp,c= 1 ,12 . 0 ,7 / , bAs=>Fp ,c= 0 , 7 8 4 t o fu l f i l l a re l iab i l i ty o f 

9 5 , 1 % f o r t h e t o r q u e m e t h o d (See Annex Table D.1.2 and Fig. D.1 and D.2). 

2.5 Reliability Combined method 

By using the c o m b i n e d m e t h o d t h e re l iabi l i ty to reach 0 , 7 0 i s 1 0 0 % . M o r e o v e r , t h e 

expec ted pre load is close t o , o r even over , t he character is t ic va lue o f 0 , 9 0 / u b A j o f t h e bo l t 

assembly. This add i t i ona l p re load , above the d e m a n d e d 0 , 7 0 / u t A s , gives an m i n i m a l ext ra 

over capaci ty f o r losses due t o re laxat ion and eventua l l y c reep in layers o f sur face coat ings 

on t h e con tac t faces in t h e connec t ions even t o resist t o cyclic t ens ion loads act ing on t h e 

connec t ions (See Annex D , Figure D.4) 

The re fo re is the Comb ined m e t h o d is a l l owed fo r all slip and tens ion resistant p re loaded 

connec t ions , w i t h the res t r i c t ion t h a t even tua l c reep due t o th ick surface coat ings shall be 

p roved by tests . 

March 2017 Pag. 6 o f 3 8 pro f Ir. J Berenbak 



Reliability preload methods prEN 1090-2:2017 

2.6 Reliability HRC method. 

The second s tep in the HRC m e t h o d fo r HRC bo l t assembl ies p roduces near ly t h e same 

resul ts as w i t h t h e t o r q u e m e t h o d . EN 14399-10 : 2015 specif ies n o w fo r HRC bo l t assembl ies 

t h e same Vk < 0,06 as fo r t he class K2 bo l t assembl ies accord ing t o EN 14399-3 and EN 14399¬

4. As t h e t u rn i ng o f f o f t h e splice end de te rm ines t h e per fo rce in t h e bo l t assembly. The 

accuracy o f t h e t o r q u e t oo l does t h e r e f o r e no t need t o be c o m b i n e d w i t h t h e V^ < 0,06 o f t h e 

bo l t assembly. (See Annex D Table D.2.1 and Fig. D.5) 

Annex D Table D.2.1 indicates t h a t t h e b o t t o m va lue o f Vk < 0,06 leads t o a re l iab i l i ty va lue o f 

jus t 93,5%. 

However , as in clause 8.4 o f EN 14399-10 it is speci f ied t h a t t he " ind iv idua l va lue o f Fp,̂  

m e n t i o n e d as Fri > 0,7 fub x As" shall be real ized, t h e assumpt ion may be made t h a t t he HRC 

m e t h o d mee ts t h e 9 5 % re l iabi l i ty . 

A t t he m o m e n t no ca l ibrated con t ro ls are avai lable t o check the pre loads reached by t h e f i rs t 

s tep. No t o r q u e co r rec t ion is possible The special t o r q u e needs no t t o be ca l ib ra ted , so t h e 

t o r q u e m o m e n t is no t k n o w n at spl ine shear o f f . 

Cor rec t ion or p re- load ing shall t h e r e f o r e be done by an accepted tes ted m e t h o d . 

2.7 Reliability DTI method. 

In prEN 1090-2 :2017 f o r t h e execu t ion o f t h e second step in the DTI m e t h o d re ference is 

made t o Annex B ( In fo rmat i ve ) o f prEN 14399-9 :2015 . 

The fac t is t h a t by th is re ference a 9 5 % rel iabi l i ty execu t ion f o r a s t ruc tu ra l c o m p o n e n t is 

re fe r red f r o m a no rma t i ve Annex in t h e fo r safety o f steel s t ruc tu res responsib le EN1090-2 

t o a i n f o rma t i ve Annex B be long ing t o t h e in te res ted EN 14399-9 p roduc t code, m o r e or less 

besides t h e con t ro l o f EN10902 and EN 1990 series. 

The prEN 14399-9 is a typ ical p roduc t s tandard descr ib ing the p r o d u c t i o n fab r i ca t ion con t ro l 

tes ts f o r t h e washers accord ing labo ra to ry demands , w h i c h are no t usable in pract ice on s i te. 

va lues. 

The d e m a n d f o r a 9 5 % re l iab i l i ty is no rma t i ve l y f o r m u l a t e d in t h e re levant clauses in EN 

1990. To reach th is d e m a n d Annex B ( In fo rmat i ve ) o f prEN 14399-9 :2015 tel ls t h e users o f 

t h e DTI m e t h o d t h a t t h e y shall f l a t t en t h e tens ion load ind ica tors t o a gap, depend ing o f t h e 

p lac ing, smal le r t h a n 0,40 or 0,25 m m ( see Table 9 o f EN14399-9) w i t h t h e ind ica t ion h o w 

m a n y o f t he gaps shall be smal ler t h a n t h e above m e n t i o n e d 
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Table 9 — T h i c k n e s s of t l ie feeler gauge 

Dimensions in niilllnietres 

Table 10 — Feelergaiige requirements 

Direct tension indicator posit ions Designat ion H8 and H IO 

T h i c k n e s s of feelel" gauge 

Under bolt head, when nut is 
rotated 
(Figure 7a) 0,40 

Under nut, when bolt is rotated 
(Figure 8a) 

0,40 

Under nut, when nnt is rotated 
(Figure 7b) 

0,25 Under bolt head, when bolt is 
rotated 
(Figure 8b) 

0,25 

Niimbei'of indicator 

pi'oti'usloiis 

IMiiiiiiiiiniiiiiiiibei'of feelei' 

gauge lefusals 

4 3 

5 3 

6 4 

7 4 

8 5 

9 5 

NOTE: There is no t any res t r i c t ion h o w far t o close t h e m and it is also allowetd to close all t h e 

gaps o f all t h e DTI's. 

The prEN 14399-9 requi res f o r p r o d u c t i o n con t ro l : 

Samples o f d i rec t tens ion ind icators shall be tes ted by t h e manu fac tu re r a f te r t he f ina l 

p roduc t i on process inc lud ing t h e sur face f in ish o f t h e washers , i f a n y . The m i n i m u m n u m b e r 

o f d i rect t ens ion ind icators t es ted per manu fac tu r i ng lot shall be e ight and all samples shall 

pass t h e tes t . 

Tab le 4- — Ii idicatoi- coii ipi-essioii loads at appi-opi'iate gap (see Table 93 

Load ill kN 

Nominal s ize 

rf 

Cnomiiial thread 

diameter of 

associated boltj 

Design? 

niin. 

Coiiipi-es 

tion H8 

ïilax. 

sioii load 

Desigi la 

mill. 

tloii H I O 

max. 

J 47 56 59 71 

M16 88 106 110 132 

M20 137 164 172 206 

M22 170 204 212 254 

M24 198 238 247 296 

M27 257 308 321 385 

IVI30 314 377 393 472 

M36 458 S50 572 688 

NOTE These miiiimiini values are equal to 0.7 ŷ ,̂ x in accordance 

with EN 1993-1-8. 

These tests are made in the fac to ry by we l l ski l led laborers in a labora to ry w i t h a single bo l t 

in a mach ined massive steel b lock w i t h no o the r bol ts t o in f luence t h e measu remen ts . 

The p ro t rus ions shall be pressed t o t h e level g iven in tab le 9 o f EN 14399-9 , t h a t means 

exact ly a t t h e values o f 0,40 o r 0,25 m m depend ing on t h e pos i t ion o f t h e DTI's . 

Table 4 o f EN 14399-9 indicates t h a t t h e resul t ing p re load in t h e bo l t shall be b e t w e e n 0,7 

/ubAsand 0 ,84/ ,b . 

W i t h these fac to ry tes t values fo r t h e gaps t h e results o f th is fac to ry tes t fu l f i ls t h e 9 5 % 

re l iab i l i ty asked fo r by EN 1990. This is inside t h e same f ina l spread in pre load forces reached 

w i t h t he second step o f t h e To rque m e t h o d by a we l l con t ro l l ed process. 

The assumpt ion o f t h e f ina l s tep in t h e DTI m e t h o d is t h a t t h e in Table 4 m e n t i o n e d 

compress ive loads are surely reached as m o r e t h a n half t h e a m o u n t o f the d i rec t t ens ion 

ind icators are jus t pressed be low t h e gap w i d t h ind ica ted in tab le 9. 
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Howeve r on site a great par t o f t h e d i rec t t ens ion ind icators wi l l t o be pressed far be l ow t h e 

0,40 or 0,25 m m w i d t h s used f o r t h e p r o d u c t i o n tests by l ow ski l led w o r k e r s under bad site 

c i rcumstances, as t hey have t o m e e t t h e n u m b e r of no-go gaps accord ing t o Table 10. 

To ta l f l a t t en ing o f all d i rec t t ens ion ind ica tors can be done easily and qu ick ly by uncon t ro l l ed 

over p o w e r e d too ls as th is approach saves t i m e and costs fo r con t ro ls . 

This means t h a t t h e d i rec t t ens ion ind icators shall pass these tes t values f o r fab r i ca t i on in t h e 

second s tep o f t i gh ten ing cons iderab le . The resul t w i l l be t h a t t h e pre loads in t h e DTI bo l t 

assembl ies wi l l be h igher t han du r ing t h e f ac to ry tests and t h a t bo l t sets are mos t cer ta in ly 

o v e r t u r n e d by t r y i ng t o close all t he caps. 

Uncon t ro l l ed over load ing and o v e r t u r n i n g is no t acceptab le f o r t h e To rque , Comb ined and 

HRC m e t h o d s , so these can also no t be accep ted fo r t he DTI m e t h o d f o r m e e t i n g t h e 9 5 % 

re l iab i l i ty . 

As th is concerns t h e re l iab i l i ty r e q u i r e m e n t asked f o r by t h e EN 1990 series design codes, 

res t r ic t ions are needed in t h e execu t ion code EN 1090-2 and no t in t h e p roduc t s tandard EN 

14399-9 . 

The de le ted res t r i c t ion f r o m the ear l ier vers ion o f EN 1090-2 t h a t " N o m o r e t h a n 10 % o f t h e 

ind ica tors in a connec t i on bo l t g roup shall exh ib i t fu l l compress ion o f t h e ind ica to r . " This 

r e q u i r e m e n t shall be p laced again in t h e clauses 8.5.6 and 12.5.2.7 t o d r a w a t t e n t i o n t o th is 

res t r i c t ion and t o make check ing possib le. 

2.8 T h e c o n t r o l o n t h e s e c o n d s t e p of p r e l o a d i n g 

2.7 .1 The pre load reached by t h e t o r q u e m e t h o d may be con t ro l l ed by check ing t h e 

ind iv idual bo l t assembl ies again using a t o r q u e m o m e n t l owe r t han t h e in clause 

12.5.2.5 speci f ied va lue f o r reach ing 0,70 f^^As, assuming t h a t no ext ra t o r q u e is 

needed t o s tar t ( for an even tua l co r rec t ion ) t h e ro ta t i on . This st ick-sl ip e f fec t may be 

avo ided by f i rs t t u r n i n g t h e nu t backwards over a smal l angle, w i t h a later rep lace. 
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The resul t ing re t igh ten ing p re load va lue remains sti l l be l ow t h e 0 , 7 0 / u i / s , so th is 

re t i gh ten ing m e t h o d is no t adequa te f o r tens ion resistant connec t ions . 

For t h e second step the To rque m e t h o d requi res ad justab le t o r q u e w r e n c h e s w i t h 4 % 

accuracy, at least week l y checked and in case o f pneumat i c wrenches every t i m e t h e 

hose length is changed. 

2 . 7 . 2 For t h e Comb ined m e t h o d t h e a m o u n t o f t h e r o t a t i on o f t h e nu t re la t ive t o t h e shank 

can be 1 0 0 % visual ly con t ro l l ed by check ing t h e mark ings b e t w e e n t h e nu t and the 

bo l t . 

For inspect ion repor ts , marked p h o t o ' s can be made before and a f te r t h e second s tep. 

If d o u b t , some nuts may be t u r n e d some degrees f u r t h e r to p rove t h e res is tant . 

For t h e second step o f t he Comb ined m e t h o d any t ype o f w rench may be used. 

2 . 7 . 3 The real p re load in the HRC bo l t assembl ies canno t be checked a f te r t h e sp l ine-end is 

sheared of f . The t o r q u e m o m e n t at t h e m o m e n t o f t h e shear o f f is no t k n o w n , unless 

/(•-class K2 bol ts are used. 

For t h e HRC m e t h o d special shear w renches need t o be used. These wenches need no 

ca l ib ra t ion . 

2 . 7 . 4 The reached pre load in a DTI bo l t assembly depends on the cor rec t measu r ing o f t h e 

gap w i t h a precis ion o f t en ths o f m i l l ime te rs using feelers by cons t ruc t i on w o r k e r s on 

s i te. M a y b e t hey may no t reach t h e same accuracy as the p roduc t i on con t ro l l e rs . 

No f l a t t en ing data are avai lable t o measure t h e pressing t o reach t h e f i rs t s tep o f t h e 

t i gh ten ing m e t h o d . The p ro t rus ions shall l ight ly be f l a t t e n e d . 

The pre load once reached by t h e DTI m e t h o d may be con t ro l l ed by check ing the 

ind iv idua l bo l t assembl ies again by measur ing t h e rema in ing gaps b e t w e e n the 

washers and the p late. 

The bo l t assembl ies are sensi t ive f o r acc identa l over load pressing all t h e p ro t rus ions 

f la t . 

F o r t h e second step o f t h e DTI m e t h o d each t ype o f w r e n c h may be used. 

To be added t o clauses 8 . 5 . 6 and 1 2 . 5 . 2 . 7 o f EN 1 0 9 0 - 2 (see clause 2 . 6 o f th is 

d o c u m e n t ) : 

'No more than 10 % of the indicators in a connect ion bolt group shal l exhibi t full 
compress ion near the indicator ' . 

3 T y p e of bol t a s s e m b l i e s to be u s e d for p r e l o a d i n g . 

Accord ing t o clause 5 . 6 . 4 o f EN 1 0 9 0 - 2 high s t r eng th s t ruc tu ra l bo l t assembl ies fo r p re load ing 

inc lude system HR, system HV and HRC bo l ts . The del iver ies shall sat isfy the r e q u i r e m e n t s o f t h e 

ha rmon i zed s tandard EN 1 4 3 9 9 - 1 (CE-marking) and t h e app rop r i a te European Standards as l is ted in 

next tab le 7 o f EN 1 0 9 0 - 2 . 
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Table 7 o f EN 1090-2 : Product s tandards fo r high s t reng th 

s t ruc tu ra l bo l t i ng assembl ies fo r p re load ing . 

Bol ts and nuts Washers 

EN 14399-3 

EN 14399-4 EN 14399-5 

EN 14399-7 EN 14399-6 

EN 14399-8 

EN 14399-10 

NOTE: For an overview of the EN 14399-1/10 series, see Annex B of this document 

EN 14399-2 gives t h e su i tab le tests fo r p re load ing , inc lud ing techn ica l r equ i remen ts such as t h e 

re la t ions f o r t h e " r o t a t i o n - b o l t fo rce cu rve " in f igure 2 o f EN 14399-2 and Annex C and D o f th is 

d o c u m e n t . 

The bol ts assembl ies t o be used in c o m b i n a t i o n w i t h t h e To rque , Comb ined and DTI m e t h o d are t h e 

Hexagon HR and HV bol ts as descr ibed in EN 14399-3 and EN 14399-4 . They shall be de l i ve red in 

sealed boxes comp ly ing w i t h one o f t h e t h ree K-classes w i t h t h e f o l l o w i n g i n f o r m a t i o n w r i t t e n on 

t h e boxes as m e n t i o n e d in tab le 1 o f EN 1 4 3 9 9 - 1 : 

Table 1 — A-class and A-factor 

A-class /•-factor 

KO — 

Kl 0,10 </-,< 0,16 

K2 0,10 <A-„,< 0,23 Fk<0,06 

Table 19 o f EN 1090-2 descr ibes w h i c h K-classes o f bo l t assembl ies shall be used fo r t h e f o u r 

a l l owed t i gh ten ing m e t h o d s : 

Table 2 — Information related to tightening methods for the required preload f p.c = 0,7/ub 

Tightening method 

according to EN 1090-2 
Minimum information to be supplied ^-class 

Torque method 
~ 

1st step; Torque = Nm 

2nd step: Torque = Nm 

K2 

Combined method 
1st step; Torque = Nm 

2nd step: Further rotation 
K l ' 

HRC method -
KO for HRD nuts 

K2 for HR nuts 

Direct tension indicator method - KO' 

" K2 can also be used. 
K1 or K2 could also be used, but declared as KO. 

Acco rd ing t o clause 8.2.2 EN 1090-2 at least one t h read p i tch shall p r o t r u d e o u t o f t h e nu t , and at 

least f o u r fu l l th reads (in add i t i on t o t h e t h r e a d run ou t ) shall r ema in clear b e t w e e n t h e bear ing 

surface o f t h e nu t and the u n t h r e a d e d par t o f t h e shank. 
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The lengths o f t h e t h readed parts on the bo l t shanks o f t h e HR bol ts are larger t han those lengths 

on the HV bo l ts . That means t h a t t he choice f o r t h e lengths o f t h e HV bol ts t o fu l f i l l t h e 

r e q u i r e m e n t in clause 8.2. du r ing ins ta l la t ion is m o r e cr i t ical in o r d e r t o m e e t the actua l c lamp 

lengths o f t h e connec t i on . 

HR bo l t assembl ies make it easier t o fu l f i l l th is r e q u i r e m e n t and may save labor costs. 

4 D e t e r m i n a t i o n d is t r ibu t ion range p r e l o a d v a l u e s r e a c h e d by t h e s e c o n d s t e p . 

The m i n i m u m nomina l va lue fp .c to be reached, accord ing t o the re l iab i l i ty approach g iven in Annex 

B o f t h e EN 1990, shall be at least t h e nom ina l value o f t h e p re load fp . c to be used in s t ruc tu ra l 

design ca lcu lat ions. This nom ina l m i n i m u m pre load is de f ined in clause 8.5.1 o f EN 1090-2 as: 

"Unless otherwise specified the nominal minimum preloading force Fp,cshall be taken as 

Fp,c= 0,7 fubAs where fub is the nominal ultimate strength ofthe bolt material and As is the stress area 

ofthe bolt." 

This va lue co r respond t o the nomina l m i n i m u m values used f o r t h e s t ruc tu ra l design ca lcu la t ions as 

m e n t i o n e d in clause 3.9.1(2) o f EN 1993-1-8. 

The m a x i m u m nomina l va lue o f y ie ld ing due t o t i gh ten ing o f t h e bo l t assembl ies shall be equa l t o 

t h e m a x i m u m ind iv idua l tens ion va lue o f each bo l t f o rce . The specif ic HS and HV bo l t s tandards EN 

14399-3 and EN 14399-4 reduce the nomina l m i n i m u m t o p pre load in t h e bo l t assembly t o fbi.max= 

0 ,90 /ubAs due t o t h e c o m b i n a t i o n o f tens ion and shear du r i ng t i gh ten ing . 

There fo re t h e cr i te r ions t o t h e ta rge t ranges f o r t h e f ina l p re load by a t o r q u e or load ind ica ted 

me thods ) are res t r ic ted t o : 

0,7 /ubAs < Fbl.max < 0 ,9 /ubAs . 

For t h e Comb ined m e t h o d t h e second step t o p shou ld be res t r ic ted to a m a x i m u m ro ta t i on o f 

A02 t o be sure t h a t t h e p re load is we l l above 0,7 fubAs and close to 0,9 fubAs, bu t no t in t h e decreas ing 

par t o f t h e y ie ld curve beh ind the t o p va lue. 

(See Annex C and f igure D.4 o f th is d o c u m e n t ) 

5 T i g h t e n i n g m e t h o d s . 

5.1 Genera l . 

For all m e t h o d s t h e t i gh ten ing wi l l be executed in t w o steps. The f i rs t s tep is t o close t h e package o f 

t h e steel p lates t h a t have t o be c lamped t o g e t h e r in o rde r t o be sure t h a t no gaps b e t w e e n t h e 

plates are le f t be fo re s ta r t ing t h e second step fo r t i gh ten ing t h e bol ts t o t h e f ina l p re load . Be tween 

t h e f i rs t and second s tep t h e packages shall be inspected t o be sure t h a t t h e p late packages are 

fu l ly c lamped t o g e t h e r t o p reven t t h a t a l ready f ina l ly t i g h t e n e d bol ts are un loaded by t h e 

t i gh ten ing o f later bol ts c losing the le f t open gaps. 
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5.2 T igh ten ing p rocedure using t h e To rque m e t h o d 

5.2.1 First s tep o f t h e t i gh ten ing p rocedure using the Torque m e t h o d 

The d e t e r m i n a t i o n o f t h e pre load in t h e bo l t assembly using the To rque m e t h o d is based on t h e 

re la t ion b e t w e e n the va lue o f t h e t o r q u e m o m e n t on t h e nu t and t h e e f fec t ing p re load in t h e shank 

o f t h e bo l t . The so cal led " re la t i on coe f f i c i en t " is in f luenced by t h e f r i c t i on b e t w e e n t h e nu t and t h e 

t h r e a t o f t h e bo l t and t h e f r i c t ion b e t w e e n t h e nu t and t h e d i rec t bear ing plain washer . 

EN 1090-2 gives f o r examp le t h e f o r m u l a f o r a re la t ion in clause 8.5.2 as: Mr.z = kmd. Fp,c 

w i t h : IVIr.2 t o r q u e on t h e nu t 

/fm fac to r d e t e r m i n i n g the re la t ion b e t w e e n t o r q u e m o m e n t and pre load 

d d i a m e t e r o f t h e bo l t 

Fp,c p re load in t h e bo l t assembly 

Bol t assembl ies w i t h the K-class qua l i f i ca t ion K2 shall be used fo r t h e Torque m e t h o d . 

These bol ts assembly series are tes ted by t h e p roducer f o r t he re la t ion b e t w e e n the t o r q u e 

m o m e n t and the pre load in t h e bo l t assembly . These bo l t assembl ies shall be de l i vered in sealed 

boxes m e n t i o n i n g t h e fac to r k„ and t h e s tandard dev ia t ion Vi, f o r t h e fac to r k,„ based on t h e 

fab r i ca t ion p roduc t i on con t ro l tests . 

For t h e class K2 bo l t assembl ies t h e f o l l o w i n g values apply accord ing EN 14399-3 and 4(vers ion 

2015) : 

0,10 </Cm < 0,23 and Vk<0,06 

The values on t h e packages o f K2 bo l t assembl ies are on ly val id w h e n the t o r q u e ro ta tes t h e nu t . In 

cases w h e r e the head o f t he bo l t is r o ta ted a separate tes t ing accord ing t o Annex H o f EN 1090-2 is 

needed to d e t e r m i n e t h e k^ fac to r . 

First s tep in t h e t i gh ten ing o f t he bo l t assembl ies: 

In t h e f i rs t s tep o f t h e To rque m e t h o d , the bo l t assembl ies shall be p re loaded t o an average va lue 

o f 75 % o f Fp,c= 0,75 . 0,7 fubAs = 0,525 A,bAs, accord ing t o clause 8.5.3 o f EN 1090-2 . 

For t h e f i rs t s tep t o fp,i = 0,525/ub^s, t o r q u e w renches w i t h an accuracy o f 10% shall be used. 

In c o m b i n a t i o n w i t h a 6% f r i c t i on va r ia t i on in V^, th is may lead t o a range o f (10^-1-6^)°'^ = + / -

11,66%. 

Accord ing t o clause 4.2 o f EN 1990 t h e range o f values is d e t e r m i n e d by + 1,65 x 11,66 = 19,2%, 

resu l t ing , t h a t a f te r t h e f i rs t s tep, t h e p re load in t h e bo l t assembly w i l l be in t h e range o f 0,42/ub/As 

and 0 ,63/ub4s. These values are no t real ly cr i t ica l . 

In case t h a t t he p late packages in t h e connec t i on are no t fu l ly packed, add i t i ona l m e a s u r e m e n t s t o 

cor rec t th is shall be p e r f o r m e d and t h e f i rs t s tep in the t i gh ten ing shall s tar t again. The bo l t 

assembl ies may be used again. 
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5.2.2 Second step o f t he t i gh ten ing p rocedure using t h e Torque m e t h o d . 

To reach a 9 5 % rel iable value o f Fp,c> 0,7 /ub/ \s clause 8.5.3 o f EN 1090-2 def ines n o w a ta rge t va lue 

f o r t he pre load 10% above the nom ina l m i n i m u m pre load ing fo rce o f Fp,c= 0,7/ub/As leading t o Fp,c = 

0,11 fubAs, w i t h the a r g u m e n t t h a t th is cor responds w i t h a an increase o f 1,65 . = 1,65 . 0,06 = 

0,10, leading t o t h e in clause 8.5.3 m e n t i o n e d fac to r o f 1,10 on the second step To rque m o m e n t . 

The va lue V,, = 0,06 is g iven in t h e bo l t codes EN 14399-3 :2015 and EN 14399-4 :2015 

H o w e v e r the "Second s tep " s tep is m o r e cr i t ical t han t h e f i rs t s tep and shall be eva lua ted 

cons ider ing o t h e r in f luences on the results t o o . 

Dur ing execu t ion 

EN 1090-2 : t h e requ i red accuracy o f t he t o r q u e w r e n c h in the second step is ± 0,04, 

wh i ch means stat ist ical ly t h a t l /^o, = 0 ,04 /1 ,65 = 0,024. 

The c o m b i n a t i o n bo l t assembly -i- t o r q u e becomes so iZ/t + torque =( 0,06^-i-0,024^)°'^=0,0646 

In Annex D.1 and D.2 o f th is d o c u m e n t t h e calcu lat ions are g iven f o r t h e t o r q u e m e t h o d w i t h 

var ia t ions in the bo l t f r i c t ion in c o m b i n a t i o n w i t h t h e t o r q u e w r e n c h var ia t ion via Vk^norque - The 

add i t i ona l in f luence o f t h e t o r q u e t oo l on the stat ist ical re l iab i l i ty needs fo r an e leva t ion o f t he 

mu l t i p l y fac to r on t h e second step t o r q u e f r o m 1,10 t o 1,12. (See also Figures D.1 t o D.3. in 

Annex D o f th is d o c u m e n t . 

Annex D.1.1 gives in his Table the resul t f o r values m e n t i o n e d / a l l o w e d in t h e EN 1090-2 w i t h 

Co lumn 2: t he f o r m e r Vk= 0,10 and t a r g e t / m e a n va lue 0,11 fubAs leading t o : 

- a 9 5 % rel iable p re load reached at 0 ,639/ubAs, leading t o a 81,2 % re l iab i l i ty fo r t h e nom ina l 

load o f 0 ,70/ubAs. . Not acceptab le . 

- a 5% t o p va lue reached at 0 ,901 /ubAs leading t o an 0 ,001 exceeding o f t h e m i n i m u m 

nomina l s t reng th o f t h e bo l t assembly. Acceptab le?? (uncon t ro l l ed e longa t ion o f some 

bol ts) 

Co lumn 3: t h e present Vi,= 0,06 and t a r g e t / m e a n va lue 0,11 fubAs leading t o : 

- a 9 5 % rel iable pre load o f 0 ,688/ubAs, leading t o a 92 % re l iab i l i ty f o r t h e nom ina l load o f 

0 ,70 /ubAs. Not acceptab le . 

- a 5% t o p value o f 0,852/ubA5 leading t o no exceed ing o f t h e m i n i m u m nomina l s t reng th o f 

t he bo l t assembly. 

Both comb ina t i ons do no t fu l f i l l t h e r e q u i r e m e n t o f clause 8.5.1 EN 1090-2 f o r a 9 5 % re l iab i l i ty 

at 0 ,70/ubAs, The Vk= 0,10 is n o w cor rec ted t o \/^= 0,06 in the EN 14399-3 and 14399-4 . 2015 . 

Annex D.1.2 gives t h e resul t f o r a l te rna t i ve values 

Co lumn 2:Vk= 0,06 and t a r g e t / m e a n va lue 0 ,784 /ubAs ( fac to r 1,12 ) leading t o : 
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- a 9 5 , 1 % rel iable p re load reached at 0 , 7 0 0 / u b A s , leading t o a 99 % re l iabi l i ty f o r t he nom ina l 

load o f 0 , 70 /ubAs . Exact su f f ic ien t t o reach 0 , 7 0 / u b A s . 

- a 5% t o p value reached at 0 ,868 /ubAs w i t h no exceeding the 0 ,90 /ubAs 

Co lumn 3: Vk= 0,06 and t a r g e t / m e a n va lue 0 ,80 /ubAs leading t o : 

- a 9 5 % rel iable p re load reached at 0,715/ubAs, leading to a 95 ,1 % re l iabi l i ty fo r t h e nom ina l 

load o f 0 ,70 /ubAs . Acceptab le . 

- a 9 5 % t o p va lue reached at 0 ,885 /ubAs leading t o a 0,2 % exceeding o f t h e m i n i m u m 

nomina l s t reng th o f t h e bo l t assembly. 

Accep tab le , bu t very close t o 0,90. 

The last t w o c o m b i n a t i o n fu l f i l l t he r e q u i r e m e n t o f clause 8.5.1 EN 1090-2 fo r a 9 5 % rel iable va lue 

o f 0 ,70/ubAs. w i t h o u t exceeding t h e va lue 0 ,90 /ubAs t o p reven t ove r t u rn i ng o f t h e bo l t assembly . 

The conc lus ion is t h a t an a d j u s t m e n t o f t h e f ac to r 1,10 t o at 1,12 o f in clause 8.5.1 is t h e best 

so lu t ion to guaran ty a re l iable 9 5 % pre load ing in t h e second step t o Fp,c= 0 ,7 /ubAs. 

5.3 Tightening procedure using the Combined method. 

5.3.1 First s tep o f t h e t i gh ten ing p rocedure using t h e Comb ined m e t h o d . 

For t h e c o m b i n e d m e t h o d , K2 or K l bo l t assembl ies accord ing t o EN 14399-3 and -4 may be used. 

For t h e K2 bo l t assembl ies a t o r q u e m o m e n t shall be used d e t e r m i n e d by the kj f ac to r w i t h t h e 

re la t ion fac to r b e t w e e n t o r q u e m o m e n t and resu l t ing pre- load m e n t i o n e d by the p roduce r o f t he 

bo l t systems. For t h e K l bo l t assembl ies w i t h fac tors 0,10 < k, < 0,16 t h e f ixed o f va lue o f k, = 0,125 

may be used, leading t o t h e t o r q u e values fo r t h e f i rs t s tep g iven in Table 20 o f EN 1090-2 

The f i rs t s tep o f t h e Comb ined m e t h o d is t h e same as f o r t he Torque m e t h o d , p re load ing up t o 

0,525/ub/As by t u r n i n g t h e nu t w i t h a cer ta in t o r q u e va lue . 

Clause 8.5.4 a) a l lows as s imp l i f i ca t ion the fac to r k, = 0,125 f o r t h e f i rs t s tep o f t he Comb ined 

m e t h o d . So M r , l = 0,125 d Fp,C or f o r t he f i rs t s tep Mr,l = 0,125 d 0,75 Fp,c = 0,094 d Fp,c. 

In Annex D3 o f th is d o c u m e n t t h e m a x i m u m and m i n i m u m expec ted values are stat is t ical ly 

d e t e r m i n e d f o r th is s imp l i f i ca t ion . This s imp l i f i ca t ion may lead t o a stat is t ical b o t t o m va lue f o r t h e 

p re load 0,40/ub/\s and a t o p va lue f o r t h e pre load 0,67/ub/\s. 

And an u l t ima te va lue o f 0,37/ub/4s f o r t h e b o t t o m va lue and 0,72/ubAs as m a x i m u m 

Because these values are s i tua ted on t h e s teep par t o f t h e ro ta t i on -bo l t fo rce curve w i t h E=210.000 

N / m m ^ th is wi l l c reate very smal l d i f fe rences in t h e hor izon ta l d i sp lacemen ts . (A in f igure D.4 in 

th is d o c u m e n t ) The m a x i m u m d i f fe rence is 0,72 - 0,37 = 0,35/ub/As. W h i c h means a stress 

d i f f e rence o f 350 N / m m ^ f o r a 10.9 bo l t g rade. 

W h e n the plates in t h e connec t i on are no t f i rm ly closed du r i ng th is f i rs t s tep, t he a l i gnmen t o f t h e 

plates in t h e connec t i on , t h e used too ls and t h e ^ - fac to r o f t he used bo l t assembl ies shall be 
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checked (Annex H o f EN 1090-2) . The connec t i on shall be cor rec ted and the f i rs t s tep shall be 

r epea ted . 

5.3.2 Second step o f t he t i gh ten ing p rocedu re using t h e Comb ined m e t h o d . 

The second step o f t h e Comb ined m e t h o d consists o f a ro ta t i on o f t h e nu t by a prescr ibed and 

con t ro l l ed angle wh i ch is d e p e n d e n t on t h e bo l t shank length such t h a t t he bol t e longates and 

reaches the requ i red p re load . The angle is g iven in tab le 2 1 o f EN 1090-2 . 

Before s ta r t ing t h e second s tep o f p re load ing , t h e pos i t ion o f t he nu t shall be m a r k e d re lat ive to 

t h e shank o f t he bo l t by paint , o r ano the r mark ing mate r ia l , t o make the con t ro l o f t h e f ina l t u r n o f 

t h e nu t re lat ive t o the bo l t shank possible. The bo l t w i l l y ie ld by th is e longa t ion and t h e r e f o r e shall 

n o t be used again in case o f re jec t ion . 

NOTE: Examples of marking before the second step. The solution on the right side is reached by shielding 

half the bolt shank and nut by a cap and sprayed with a thin layer of paint. This method has 

preference because of the easy way of marking and clear control. 

The reached preload has a 100% reliability and the bolts can easy be controlled visually on whether 

the preloading is reached. For a documented control, pictures can be made before and after the 

second step. 

Accord ing t o clause 12.5.2.5 o f EN 1090-2 t h e mark ings ind icat ing t h e angle o f r o t a t i on shall be 

inspected a f te r t h e second step using t h e f o l l o w i n g requ i remen ts : 

a) if t h e ro ta t i on angle is m o r e t han 15° be low t h e speci f ied va lue , th is r o t a t i o n angle shall be 

co r rec ted ; 

b) if t h e ro ta t i on angle is m o r e t h a n 30° over the speci f ied angle, o r t he bo l t o r t h e nu t has 

fa i led and t h e bo l t assembly shall be replaced by a new one . 

Acco rd ing t o EN 14399-3 (HV) and EN 14399-4 (HR) the m i n i m u m angles (A6>i) by w h i c h t h e nu t o r 

bo l t has t o be t u r n e d , s tar t ing f r o m a p re load o f 0,7 U A s , t o reach the m a x i m u m pre - tens ion Fbi.max 

on t h e r o t a t i o n - b o l t fo rce curve are as ind ica ted in tab le 8 EN 14399-3 or 6 (HV) EN 14399-4 . This 

curve is equal fo r t he HV and HR bi ts. 

The m i n i m u m angle ( A 0 2 ) by wh i ch t h e n u t o r bo l t has t o be t u r n e d s ta r t ing f r o m a pre load o f 0,7 

0,7 /ubAs un t i l Fbi has d r o p p e d again t o , o r even be low 0,7 /ubAs are speci f ied in tab le 9 o f EN 

14399-3(HR) or tab le 7 o f EN 1090-4 (HV). For t h e HR bol ts t h e A 0 2 values are 30° h igher t h a n f o r 

t h e HV bol ts . ( See f igu re 2 in Annex C o f th is d o c u m e n t ) 
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Annex C o f th is d o c u m e n t gives t h e f igures and de f in i t ions fo r A 0 i , and A 0 2 , as m e n t i o n e d in EN 

1090-2 t o g e t h e r w i t h t h e curve fo r t he "Ro ta t i on -bo l t fo rce cu rve " in EN 14399-3 and EN 14399-4. 

The values o f t he ro ta t i on angles used fo r t h e second step o f t h e Comb ined m e t h o d c o m p a r e d t o 

t h e values in tab les 6 and 7 f o r t h e sys tem HV bol ts in EN 14399-4 are : 

Grip length Second step Combined Method A6>, A02 

I f min. target max. min. min. 

Z t < 2c/ 45° 60° 90° 90° 180° 

2 d < i ; t < 6c/ 75° 90° 120° 120° 210° 

6 d <'Lt < 10 d 105° 120° 150° 150° 240° 

The values o f t h e ro ta t i on angles used f o r t h e second step of t h e Comb ined m e t h o d c o m p a r e d t o 

t h e values in tab les 8 and 9 fo r t h e sys tem HR bol ts in EN 14399-3 : 

Grip length Second step Combined Method A 0 , A 6 ^ 

Z t min. target max. min. min. 

<2d 45° 60° 90° 90° 210° 

2d<I,t <6d 75° 90° 120° 120° 240° 

6d<'Lt<10d 105° 120° 150° 150° 270° 

The hor izonta l d i sp lacement of A0i and A0i s tar ts at 0,7 fubAs, The second s tep o f t h e c o m b i n e d 

m e t h o d starts ear l ier at t h e average va lue o f 0,525 fubAs, resu l t ing in a s l ight ly l ower end pos i t ion 

Table 21 — Combined method: additional rotation 
(8.8 and 10.9 bolts) 

Total nominal t h i c k n e s s "f of parts to be 
c o n n e c t e d ( Including all p a c k s and 

w a s h e r s ) 

d= bolt d iameter 

Fur ther rotation to be appl ied, dur ing the 

s e c o n d s tep of t ightening 
Total nominal t h i c k n e s s "f of parts to be 

c o n n e c t e d ( Including all p a c k s and 
w a s h e r s ) 

d= bolt d iameter D e g r e e s Part turn 

t <2d 60 1/6 

2d< t <6d 90 1/4 

6 d < f < 10 d 120 1/3 

NOTE Where the surface under the bolt head or nut (al lowing for taper washers , if used) is not 

perpendicu lar to the bolt axis, the required angle of rotat ion shou ld be determined by test ing 

value b e t w e e n the f i rs t s tep and AOi or A6^ 

The above Tables show: 

1. The ta rge t value o f t he second s tep t o reach t h e pre load is f o r all gr ip lengths o f t h e bo l t 

assembl ies m o r e t h a n 30° be l ow t h e A 0 i . 

2. The m i n i m u m value o f t h e second s tep t o reach t h e p re load is fo r all gr ip lengths m o r e t h a n 

45° be l ow t h e A 0 i . 

March 2017 Pag. 17 o f 38 p ro f Ir. J Berenbak 



Reliability preload methods prEN 1090-2:2017 

3. The m a x i m u m value o f t h e second step t o reach the pre load is f o r all gr ip lengths less than 

A 0 | . 

4. The average va lue o f t he second s tep t o reach t h e pre load is fo r all gr ip lengths system HV 

bol ts m o r e t han 9 0 ° be low t h e m i n i m u m nomina l value o f A02. 

5. The m i n i m u m value o f t he second s tep t o reach the pre load is fo r all gr ip lengths system HR 

bol ts mo re t han 1 2 0 ° be low t h e m in ima l nomina l value o f A02, fo r HR bol ts 1 2 0 ° . 

A f t e r t h e second s tep, w i t h the r o t a t i on close t o A 0 i on t o p o f t h e nomina l "Ro ta t i on -bo l t fo rce 

cu rve " , the pre load is at least close t o m i n i m u m nomina l t o p va lue o f t h e bo l t assembly s t reng th . 

However , as t h e real s t reng th o f t h e bo l t assembly w i l l be h igher t h a n the nom ina l s t r eng th , so the 

pre load may even be h igher t han t h e nom ina l value o f 0 . 9 0 fubAs. (See annex D.4 o f th is d o c u m e n t ) 

A g rea t ext ra advantage o f t h e C o m b i n e d m e t h o d is the s t ruc tu ra l use o f t h e ind iv idua l ext ra 

s t reng th o f t h e bo l t assembl ies above t h e nomina l value as requ i red and m e n t i o n e d in the EN 

1 4 3 9 9 codes. 

So the Comb ined m e t h o d reached t h e va lue o f Fp,c> 0 , 7 / ^ b A s a m p l y in the second s tep and has 

t h e r e f o r e a re l iabi l i ty o f 1 0 0 % . 

The ab i l i ty t o v isual ly con t ro l t he r o t a t i o n o f each nu t also fu l ly guarant ies t h a t enough t h read was 

avai lable on the bo l t shank be fo re e longa t ing t h e bo l t assembly t o t h e requ i red p re load . 

The comb ined m e t h o d is the on ly t i gh ten ing m e t h o d using t h e real s t reng th o f t h e ind iv idua l bo l t 

assembl ies. The second step is qu ick and easy t o execute and t h e a m o u n t o f y ie ld is re l iable and 

a l lows all over con t ro l , even by non-specia l is t superv isors, (pho tog raphs be fo re and a f te r t h e 

second step) 

5.4 T i g h t e n i n g p r o c e d u r e u s i n g t h e H R C m e t h o d . 

5 . 4 . 1 T i g h t e n i n g a p p l y i n g t h e HRC m e t h o d . 

The HRC bo l t assembly is no t a w ide l y used t ype f o r p re loaded bol ts in Europe. The EN1090-2 gives 

t h e f o l l ow ing descr ip t ion in ar t 8 . 5 . 5 . : 

"The HRC bolts shall be tightened using a specific shear wrench equipped with two co-axial sockets 

which react by torque one against the other The outer socket which engages the nut rotates 

clockwise. The Inner socket which engages the spline end of the bolt rotates anticlockwise." 
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NOTE 1 The shear wrench operates as follows: 

- during the tightening operation of an assembly, the socl<et in rotation is the one that finds the least 

resistance to it; 

- from the outset and right up to the last tightening step, the outer socket on the nut rotates clockwise while 

the inner socket holds the spline-end without rotating, the result being that the bolt assembly is 

progressively tightened by the increasing torque applied to the nut; 

- at the last tightening step, i.e. when the tensional resistance plateau ofthe break-neck section is attained, 

the inner socket rotates anticlockwise while the outer socket on nut provides the reaction without rotating; 

- the bolt assembly installation is complete when the spline-end shears off at the break-neck section. 

The speci f ied p re load r e q u i r e m e n t is in fact a To rque m e t h o d , con t ro l l ed by t h e HRC bo l t i tsel f by 

means o f t h e nomina l values f o r t h e geomet r i ca l and t o r s i on mechanica l p roper t ies t o g e t h e r w i t h 

t h e lubr ica t ion cond i t ions . The t i gh ten ing e q u i p m e n t does no t need ca l ib ra t ion . 

The lubr ica t ion cond i t i on ( aging ) may in f luence t h e re l iab i l i ty in reaching t h e m in ima l p re load . 

BEFORE 
INSTALLATION In o rde r t o ensure t h a t t h e pre loads 

in the fu l ly insta l led bo l t assembl ies 

in t h e connec t ions m e e t t h e 

speci f ied m i n i m u m pre load 

r e q u i r e m e n t , t h e bo l t ins ta l la t ion 

process shou ld also compr ise t w o 

t i gh ten ing steps, bo th using t h e same t o r q u e w r e n c h . 

DURING 
INSTALLATION 

AFTER 
INSTALLATION 

5.4.2 First s tep o f t h e t i gh ten ing p rocedure using t h e HCR m e t h o d . 

The f i rs t t i gh ten ing step is ach ieved at t h e latest w h e n t h e t o r q u e w r e n c h o u t e r socket stops 

t u r n i n g . This f i rs t s tep shall be c o m p l e t e d fo r all bo l ts in t h e connec t i on pr ior t o beg inn ing w i t h t h e 

second s tep. 

NOTE 2 Clause 8.5.5 EN 1090-2 : 

Guidance of the equipment manufacturer may give additional information on how to identify if pre-tightening 

has occurred, e.g. sound of torque wrench is changing, or if other methods of pre-tightening are suitable. 

The t w o expec ted pre load values by th is m e t h o d s in t h e f i rs t and in t h e second step are n o t 

quan t i f i ed and may depend on t h e st i f fness o f t h e connec t ions . Before s ta r t ing t h e second s tep , t h e 

c losure o f t h e steel p late package has t o be checked. If no t fu l ly c losed, t h e bo l t assembl ies shall be 

r e m o v e d and t h e p late package shall be co r rec ted . 

5.4.3 Second s tep o f t h e t i gh ten ing p rocedure using t h e HCR m e t h o d . 

The second t i gh ten ing step is ach ieved w h e n the sp l ine-end o f t h e bo l t shears o f f at t h e break-neck. 
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If t h e assembly cond i t ions are such t h a t it is no t possible t o use t h e t o r q u e w r e n c h on the HRC bo l t 

assembly, e.g. fo r lack o f space, t i gh ten ing shall be carr ied o u t using a p rocedure in accordance w i t h 

t h e Torque m e t h o d , see EN 1090-2 clause 8.5.3 of EN 1090-2 w i t h t h e aid o f t h e k-class K2 

i n f o r m a t i o n or using a d i rec t tens ion ind icator , see clause 8.5.6. and clause 12.5.2.6 o f EN 1090-2 . 

For the second s tep, visual inspect ion shall be carr ied o u t on 100 % of t h e bo l t assembl ies. Fully 

t i g h t e n e d bo l t assembl ies are iden t i f i ed as those w i t h t h e spl ine end sheared of f . A bo l t assembly 

fo r wh i ch t h e spl ine end remains is cons idered t o be unde r - t i gh tened . 

If t i gh ten ing o f HRC bol t assembl ies is c o m p l e t e d using t h e t o r q u e m e t h o d accord ing the EN 1090-2 

clause 12.5.2.4 or clause 12.5.2.7 as app rop r ia te . 

Remarks t o these descr ip t ions in EN 1090-2 : 

1. The p rocedure fo r p re load ing fo r t h e f i rs t s tep t o close t h e plate package be fo re shear ing o f f 

o f t h e sp l ine-ends is no t c lear ly de f i ned in NOTE 2 clause 8.5.5 EN 1090-2 o f t he desc r ip t i on . 

For examp le , t he sound o f t h e e q u i p m e n t may d e p e n d on t h e st i f fness of t h e s t ruc tu re 

a round t h e bo l t assembly as w e l l . Up t o n o w it is no t de f ined b e t w e e n w h i c h values o^fuiAs 

t h e t i g h t e n i n g o f t he f i rs t s tep wi l l lead t o . 

2. If sp l ine-ends o f bol ts are sheared o f f be fore t h e p late package is fu l ly packed, the bol ts shall 

be r e m o v e d and rep laced by n e w ones, t o reach a f i r m c losure o f t h e p late package. 

3. Accord ing t o EN 14399-9 tab le 9, du r i ng p r o d u c t i o n t h e bo l t assembl ies shall be ca l ib ra ted 

such as t o arr ive at t h e p re load va lue > 0,1 futAs w i t h 9 5 % rel iabi l i ty by reach ing a m e a n 

va lue > 0,77 fubAs, and a < 0,06. 

4. The life t i m e fo r a cor ros ion p ro tec t i on on t h e sheared o f f surfaces o f t h e bo l ts may be 

cr i t ical f o r t h e durab i l i t y o f t h e s t ruc tu re under a l l -wea ther c i rcumstances. Gr ind ing o f these 

surfaces be fore pa in t ing does no t seem t o be a real ist ic so lu t ion . 

E N 1 4 3 9 9 - 1 0 

T a b l e 12 — L i m i t i n g v a l u e s of bolt force at the fracture of the s p l i n e - e i i d 

T h r e a d 
d 

Nominal sti-ess area of 

standard test mandrel 

As 

mm^ 

^ r min 

0.7 ' ^ /ub ' ' ^ s ^ 

N 

^r mean min 

0,77 ^fyyh^As' 

N 

M12 84,3 59 010 64 911 

M16 157 109 900 120 890 

M 2 0 245 171 500 188 650 

M 2 2 303 212 100 233 310 

M 2 4 353 247 100 271 810 

M 2 7 459 3 2 1 3 0 0 353 430 

M30 561 392 700 431 970 

M 3 6 817 5 7 1 9 0 0 629 090 

* A l b nominal tensile sti-ength oft l ie bolt nomi-
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.5 T i g h t e n i n g a p p l y i n g t h e D i r e c t T e n s i o n I n d i c a t o r (DTI) M e t h o d . 

5 . 5 . 1 G e n e r a l 

Annex J, descr ib ing the use o f t h e compress ib le washe r - t ype 

d i rec t tens ion ind icators , is r e m o v e d f r o m EN 1090-2 . For t h e 

execu t ion o f th is m e t h o d fo r p re load ing bo l t assembl ies 

re ference is made t o EN 14399-9 . 

W i t h th is adap t i on , t h e r e q u i r e m e n t in clause 12.5.2.5 t h e 

p resen t EN 1090-2 t h a t no m o r e t h a n 10% o f t h e d i rec t tens ion 

ind ica tors shou ld o t be pressed to ta l l y f la t d isappeared , as ear l ier 

descr ibed in clause 2.6 o f th is d o c u m e n t . 

This r e q u i r e m e n t has t o be r e t u r n e d in the EN 1090-2 :2017 t o fu l f i l l t h e 5% re l iab i l i ty d e m a n d o f EN 

1990 t o sat isfy t h e conf idence o f t h e s t ruc tu ra l designers. 

The sys tem consists o f an extra washer w i t h p ro t rus ions , t o be placed b e t w e e n the p la te surface 

and one o f t h e f la t washers o f t h e bo l t assembly. The th ickness and t h e n u m b e r of p ro t rus ion on 

t h e DTI washers d e p e n d on t h e size and the mate r ia l grade (8.8 or 10.9) o f t h e bo l t assembl ies 

used. The t i gh ten ing starts w i t h a gap b e t w e e n t h e DTI washer and t h e bo l t assembly plain washer . 

The a m o u n t o f f l a t t en ing of t h e p ro t rus ions indicates t h e pre load in t h e bol ts du r ing t i gh ten ing . As 

t h e y y ie ld , t h e p ro t rus ions do no t spr ing back w h e n t h e load decreases. 

The great d i f fe rence b e t w e e n t h e DTI and t h e o t h e r t h r e e m e t h o d s is t h e w a y o f measur ing t h e 

p re load du r i ng t i gh ten ing . The DTI m e t h o d measures t h e pre load on an ind i rec t and u n k n o w n n o n ­

l inear w a y by t h e a m o u n t o f f l a t t en ing o f t h e p ro t rus ion w i t h ex terna l fee lers in bo th steps. 

The Torque and HRC m e t h o d are d i rec t and cons tan t measur ing t h e pre load by t h e m o m e n t 

needed t o t u r n t h e nu t in b o t h steps, t h e Comb ined m e t h o d measured t h e f i rs t s tep by t h e 

m o m e n t and t h e second step by t h e de fe rence in t h e mark ings b e t w e e n t h e nu t and t h e shank. 

The c r i te r ion f o r t h e real izat ion o f t h e t i gh ten ing by t h e DTI m e t h o d as descr ibed in EN 1090-2 w i t h 

a a re fe rence t o EN 14339-9 and is based on t h e d e f o r m a t i o n o f t h e p ro t rus ions as an ind ica t ion f o r 

t h e reached pre load on t h e bol ts . As t h e to ta l w i d t h o f th is gap fo r a M 2 0 - 1 0 . 9 bo l t is a b o u t 1.5 

m m , t h e d e f o r m a t i o n shou ld be measured in t en ths o f m m . 

Acco rd ing t o clause 12.5.2.7 EN 1090-2 No m o r e t h a n 10 % o f the ind ica tors in a connec t i on bo l t 

g roup shou ld exh ib i t fu l l compress ion o f t he ind ica tor . 

This sentence is de le ted in t h e last proposals fo r t h e EN 1090-2 rev ised, b u t shall be b rough t back t o 

p roh ib i t t h a t all t h e p ro t rus ions shall be to ta l l y f l a t t e n e d w i t h t h e risk of o v e r t u r n i n g t h e bo l ts . 

A t t h e end o f t h e second step t h e compressed cap shou ld be < 0,25 m m . The to ta l f l a t t en i ng has t o 

be b e t w e e n 1,25 and 1,5 m m . W i t h a p i tch o f 2,5 m m fo r an M 2 0 bo l t t h e t o t a l needed ro ta t i on 

shou ld be b e t w e e n 180 ° and 216° , so a f inal t a rge t angle of 36°. 
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5.5.2 First s tep o f t he t i gh ten ing p rocedure using t h e DTI m e t h o d . 

The f i rs t s tep o f th is m e t h o d it is essent ia l t o fu l ly close t h e gaps in t h e steel p late package. 

O the rw ise , t h e f i rs t f ina l ly t i g h t e n e d bol ts in s tep 2 are p rone t o be ing un loaded by a f u r t he r 

compress ion o f t h e package du r i ng t h e f ina l t i gh ten ing o f subsequent bo l t assembl ies. 

This po in t o f no t fu l ly c losing t h e gaps may n o t easily be reached du r i ng execu t ion because o f t h e 

smal l d imens ions o f these p ro t rus ions . No pre load force f o r t h e f i rs t s tep is prescr ibed by EN 1090-2 

and t h e r e is no requ i red f l a t t en ing -p re load curve avai lable in EN 14399-9 . The f i r m c losure o f t he 

plates in the connec t i on shall be reached by a go a round par t ia l ly f l a t t en ing o f t he DTI washers , 

measur ing the rema ined gaps in o r d e r t o have suf f ic ien t gap le f t over f o r t h e second s tep reach ing 

t h e p re load . 

This needs concen t ra t i on and ski l led w o r k m a n s h i p . 

5.5.3 Second step o f t he t i gh ten ing p rocedure using t h e DTI m e t h o d . 

In t h e second step the p ro t rus ions shall be d e f o r m e d t i l l t he i r f ina l pos i t ions . W h e n the DTI is 

p laced on the side w h e r e the bo l t assembly is t i gh tened by t u rn i ng e i t he r t h e nu t o r bo l t head , t h e 

f ina l gap shou ld be less t han 0,25 m m . W h e n t h e DTI is p laced on t h e oppos i te side t h e f ina l gap 

shou ld be less t han 0,40 m m 

A f t e r t h e t i gh ten ing , t h e he ight o f t he gaps shall be checked f o r all bo l t assembl ies using a fee ler 

gauge w i t h a th ickness o f 0,25 or 0,40 m m as a " n o g o " inspect ion t o o l . The fee ler gauge shall be 

p laced b e t w e e n the p ro t rus ions and po in ted t o t h e cent re o f t h e bo l t . A t least half o f t h e n u m b e r 

o f t h e passages b e t w e e n t h e p ro t rus ions shall be t o o n a r r o w fo r t h e fee ler . 

No m o r e t han 10% o f t h e washers w i t h p ro t rus ions in the bo l t assembl ies shou ld be fu l ly pressed, 

(see clause 2.7 o f th is d o c u m e n t ) 

Accord ing t o EN 14399-9, t he DTI washers shall be ca l ib ra ted du r ing t h e fab r i ca t ion p roduc t i on 

con t ro l on the pre load values be ing b e t w e e n 0 ,7 / , bAs and 0 ,84 / , bAs , w i t h 0,11 f^A, as average. 

These va lues are reached w h e n t h e gap b e t w e e n t h e washers is reduced t o the values g iven in his 

Table 10. It shou ld be recognized t h a t these results are reached by we l l ski l led and we l l t r a i ned 

ope ra to rs under labora to ry c i rcumstances . In pract ice the bo l t assembl ies shou ld be insta l led by 

cons t ruc t i on wo rke rs on si te u n d e r a l l -wea ther c i rcumstances, w i t h t h e task t o measure w i t h an 

accuracy o f t en ths o f m i l l ime te rs . 

The DTI m e t h o d satisf ies jus t fp ,c= 0,1 f^^As w i t h t h e 95% re l iab i l i ty as asked f o r in EN 1990 Annex B, 

w i t h o u t any over load t o compensa te la ter occur r ing re laxat ion and even tua l c reep by cor ros ion 

p r o t e c t i o n 
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6 A p p l i c a t i o n s for the four m e n t i o n e d p r e l o a d m e t h o d s . 

The Torque , HRC and DTI m e t h o d s are jus t able t o reach t h e pre load o f Fp.c = 0,7 fu\As w i t h t h e 

requ i red 9 5 % re l iabi l i ty , w i t h no ex t ra capaci ty fo r t h e no t t o be avo ided re laxat ion o f t h e bo l t 

assembl ies jus t a f te r t h e loading or t h e p o t e n t i a l loss o f p r e l o a d d u e t o c reep i n case t h a t t h i c k 

s u i f a c e coa t i ngs o n t h e c o n t a c t a reas i n t h e c o n n e c t i o n a re p r e s e n t . 

D u e t o t h e c o n t r o l l e d t u r n o f t h e n u t o f t h e b o l t assemb ly , t h e p r e l o a d r e a l i z e d b y u s i n g t h e 

C o m b i n e d m e t h o d w i l l r each a v a l u e o f t h e p r e l o a d o f a t leas t c lose t o 0,9/ub/ \s w i t h a re l iab i l i ty 

f o r I Fp.c = 0,7/uiyAs o f 100%. In real i ty th is p re load w i l l be mos t l y h igher t han 0 , 9 / u i / s caused by t h e 

ind iv idua l actual s t reng th o f t h e bo l t mater ia l f o r wh i ch t h e va lue o f / u b is t h e 2,3% unde rcu t va lue 

in t h e log -norma l stat is t ical d i s t r i bu t i on . 

Pre loaded connec t ions w h e r e the bots are loaded in pure tens ion and / o r in c o m b i n a t i o n w i t h 

shear loads are very sensible f o r t o o l ow p re load . The designer relies in his ca lcu la t ions on at least 

Fp.c = 0,7/ubAs. 

W h e n t h e pre loads in t h e bo l ts are t o o low, t h e c l amped plates in t h e connec t i on may c o m e loose 

f r o m each o t h e r w i t h t h e danger o f cor ros ion fo r stat ic connec t ions . 

For connec t ions w i t h the bol ts loaded in cyclic tens ion gaps b e t w e e n the c lamped p lates lead t o 

stress cycles in the bol ts g rea te r t han expec ted w h i c h shall decrease the fa t igue l ife o f t h e s t ruc tu re 

severe ly 

As the fab r i ca to r doesn ' t k n o w t h e func t i ons o f t he connec t ions , t h e p re load ing o f these 

connec t ions shall a lways be done by the Comb ined m e t h o d t o avo id accidents. 

A rev iew o f t h e tests , carr ied o u t by t h e Stevin II Labora tory o f t h e Del f t Univers i ty o f Techno logy , is 

used as basis f o r t h e sl ip fac tors m e n t i o n e d in Table 17 prEN1090-2 . These tests w e r e execu ted 

a f te r p re load ing o f t he bo l ts w i t h o u t any co r rec t ion loss o f p re load due t o re laxat ion or c reep. In 

these values f o r t h e sl ip fac to rs t h e re laxat ion in t h e bo l ts and creep in t h e m e n t i o n e d surface 

coa t ing is inc luded. ( pub l ished in t h e ECCS Technical C o m m i t t e e 10 Report 37 , Slip Factors o f 

Connect ions w i t h H.S.F.G. Bolts) 

So, all f o u r pre load m e t h o d s are a l l owed f o r execu t ing pure sl ip res is tant p re loaded bo l ted 

connec t ions , subject t o t h e r e q u i r e m e n t t h a t t he tests t o d e t e r m i n e t h e slip fac to r are execu ted 

s ta r t ing w i t h t h e pre load in t h e bo l t assembl ies in f i rs t instance w i t h o u t any co r rec t ion t o it p r io r t o 

tes t ing . 
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Annex A 

Part 8.5 of the CEN/TC 135/ WG2 Document N 292 

8.5 T i g h t e n i n g of p r e l o a d e d bolts 

8.5.1 General 

Unless otherwise specified, lhe nominal n i in inuini preloading force shall be taken as: 

Fp.c = 0.7 U A, 

where is the nominal i i l t in iale strength of the bolt material and A, is the stress area of the bolt as 
defined in EN 1993-1-8 and specified in Table ^ J ü . 

This level of preload shall be used for all slip resistant preloaded connections and for all other 
preloaded connections unless a lower level of preload is specified. In the latter case, the bolt assemblies, 
the t ightening method, the t ightening parameters and the inspection requirements shall also be 
specified. 

NOTE I'reload ciin.be used for slip resistance, for seismic connections, I'or fatigue resistance, lor execution 
purposes, or as a quality measure (e.g. Ibr durability). 

T a b l e 3,0-18 — V a l u e s of f,,,c i n [kN] 

Property 

class 

Bolt diameter in mm Property 

class 12 14 16 18 20 22 24 27 30 36 

8.8 47 65 00 100 137 170 190 257 314 450 

10.9 59 81 110 134 172 212 247 321 393 572 

Any of the rouj_tigIitening methods given in 0.5.3 to 0.5.6Tnblc 21 V) may be used unless restr ict ions on 
thei r use arc specif ied. The /c-class (as-delivered cal ibrat ion condi t ion) o f t h e bo l t ing assembly shall be 
in accordance w i th Table ^ 1 9 for the method used. 

Table-a^r- ia .— ^ classes for tightening methods 

Tightening meti iod A'-classes 

Torque method (see 8..S.31 K2 

Combined method Isee 0..S.41 K 2 o r K l 

IIRC tioliieiiinc method (see B.5..S1 KO with HRD nut only or l<2 

Direct tension indicator fDTH method (see 0..S.61 K2 , l< lo rK0 

For the Torque and IIRC l ightening methods, the coefficient of variation.' i tniulnrd r iovini inn for the ho l l 

assemblies /^-factor (Vk accordinu lo EN 14399-11 or for the bolt assembly F/-faclor (Ki, according lo 

EN 1^399-101 shall be < 0,06. 

As an al ternat ive, cal ibrat ion lo Annex f- i_may be used, except for the torque method unless this is 
per i i i i l t cd in the execution specif icat ion. 

The as-del ivered cal ibrat ion is val id for t ig l i len ing by l o l a l i o i i of the nut. I f t ightening is done by 

ro ta t ion o f t h e bo l l head, cal ibrat ion shall hc done according lo Annex f -Lo r by supp lcn ic i i la ry test ing 

f rom the fnr.lonor manufacttu er o l l ie i vvisc in accordance w i l h EN 14399-2. 
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Burrs, loose i iKitcrial and excessive ih i t kness of paint that wou ld prevent sol id seating of the connecting 

parts shall he removed before assembly. 

Before commencement of preloading, the connected components shall be f i t ted together and the bolts 

in a bolt group shall be t ightened in accordance w i th Ö.3 but the residual gap shall he l imi ted lo 2 m m 

w i th the necessary corrective action on steel components. 

T ightening shall be per formed hy rotat ion of the nut except where the access to t l ie nut side of the 
assembly is inadequate. Special precautions, depending on the l ightening method adopted, may have lo 
be taken when bol ls are l ightened by l o l a l i o i i o f t h e bolt head. 

Both al the first step and al the final l ightening step, t ightening shall be carr ied out progressively f rom 

the most r ig id part of the jo in t lo the least r ig id par i . To achieve un i fo rm preloading, more than one 

cycle of l ightening may be necessary. 

Torque wrenches used in all steps of the torque ine lhod shall be capable of an accuracy of + 4 % 

according to EN ISO 6789. Each wrench shall be maintained in accordance w i t h EN ISO 6789, and in 

case of pneumatic wrenches checked every t ime the hose length is changed. For torque wrenches used 

in the first step of the combined method, lhe.se requirements are modi f ied to + 10 % for lhe accuracy 

and yearly for the periodici ty. 

Checking shall be carr ied out after any incident occurr ing dur ing use (signif icant impact, fall, 

over loading etc.} and affecting the wrench. 

Other t ightening methods (e.g. axial preloading by hydraul ic devices or tensioning w i l h ultrasonic 

contro l ) shall be cal ibrated in accordance w i t h the recommendat ions fiom the equipment 

manufacturer. 

High strength bolts for pre loading shall be used w i thou t a l terat ion lo the as-del ivered lubr icat ion unless 

DTI method or the procedure in Annex f U s adopted. 

I f a bolt assembly has been l ightened to the m i n i m u m preload and is later un- l igh te i icd , i l shall be 

removed and the who le assembly shall be discarded. 

NOTf; 1 Bolt assemblies used lor achieving initial fil up should not generally need lo be tightened lo the 
minimum preload or un-liglitened, and would ll ierelore sli l l be usable in localion in the final bolting up process. 

N O T E l It the lightening process is delayed under uncontrolled exposure conditions the performance of the 

lubrication may he altered and should be checked. 

The po lc i i l ia l loss of pre loading force f rom i ls in i t ia l value due lo several factors, e.g. re laxat ion, creep of 

surface coatings (sec Annexfel i .4 and Tab le4»1Z) , is gonoia l ly considered in the l i p l i l r n i i i g l lK' lhotl f i 

s|)ccified below except lo r th ick surface coatings. For th ick surface coal ings, the potent ia l loss of pre load 

may be cvalualed using Annex•Kn.J 'o r o lhor t ightening method); and inh i the case of th ick surface 

c o a t i n g s j l shall he specif ied i f add i t iona l measures shall be taken to coi i ipensale for possible 

subsequent loss of pre loading force. 

8.5.2 T o r q u e reference va lues 

For the torque method and the combined method. I h e ^ t o to rque reference values M,,i lo be used for a 

nomina l m i n i m u m pre loading force Fp.c are de te rmined for each type of bo l l and nut combi i i a l i o i i used 

by ono o f the fo l lowing opt ions: 
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a) values based on /c-class declared by the fastener manufactmer in accordance wi th the relevant 
parts of EN 14399: 

1) A'/,.. =/f„, d with/v,„ for A-class K2. 

2) M, ,=U^-0.094dF^u wWWf„-for/c-class K l . 

b) values determined according to Annex j h 

Mi.ics( = Mm w i t h Mm determined according to the procedure relevant lo the l ightening method 
to be used. 

8.5.3 Torque method 

The bolts shall be l ig l i lened using a torque wrench of fer ing a suitable operat ing range. Hand or power 
operated wrenches may be used. Impact wrenches may be used for lhe f irst step of t ightening for each 
bol l . 

The t ig l i len ing torque shall be appl ied cont inuously and smoothly. 

T ightening by the torque method comprises at least the two fo l lowing steps: 

a) a first t ightening step: the wrench shall be set to a torque value of about 0,75 M,.i w i t h = or 

Mi.icst. This first step shall be completed for all bol ls in one connect ion pr io r to commencement of 

the second step; 

b) a second t ightening step: the wrench shall be set to a torque value of 1,10 M,,i w i t h M,-i = M,;2 or 

A'/r.icsl. 

NOTE Tlie use ol the 1,10 coelTicient wit l i Ma is equivalent to 1/(1 - 1,6.S KO with or Vf, = 0,06 lor A-class 
K2 in combination with the Kn See EN 14399-1 loi- tlie cnellicient ol'variation lactoi s Vy and K̂ -, I'actoi's. 14 
is the coeriicieiU ol variation associated with the calibration ot tools used in the tiüliteiiiiia methodoloav. 

8.5.4 Combined method 

Tighten ing by the combined method comprises two steps: 

a) a first t ig l i len ing step, using a torque wrench of fer ing a suitable operat ing range. The wrench slial l 

be sel lo a torque value of about 0,75 Mr.i w i t h Af,,i = M,,2 ov M.-i o r A7i,tosi. This first step shall be 

completed for a l ! bolts in one comicc l ion p r i o r to commencement of the second step. When using 

M, i, for s imnl incat io i i Af,, = O . m S d F„c as given in Table 20 ni.iv be used, unless olherwi.sc 

specif ied; 

Table 3 ^ 2 0 . — T o r q u e moment in [Nm] for the first step in the combined method 

P r o p e r t y 

c l a s s 

Bo l t d i a m e t e r i n m m P r o p e r t y 

c l a s s 12 1 4 16 1 8 2 0 2 2 2 4 2 7 3 0 3 6 

ii.8 :-!s im^ ir,4tm4>0 

10.9 6 7 4 i i Utfj-W-I- 1654-?^ 1 1 0 7 4 4 W 

b] a second t ightening step in wh ich a specif ied part l u r n is appl ied lo the lu r i ied pa r i o f the assembly. 

The posi t ion of lhe nut relat ive lo the ho l l threads shall be marked after the first step, using a 
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m a r k i n g c rayon or m a r k i n g paint , so tha i the f ina l r o l a l i o i i o f l l i c l u i l r c la l i vc lo the l l u ead in th is 

second step can be easi ly d c l c r m i n c d . The second step shal l be in accordance w i t h the values of 

Tab le 2 1 . unless othcrvvise speci f ied. 

T a b i c — Add i t iona l ro ta t ion for the s e c o n d s tep in t l ic c o m b i n e d m e t h o d 
(8.8 a n d 10.9 bo l ts ) 

Total nominal thickness "t" of parts to 
be connected (including all packs and 

washers) 

Furtl ier rotation to be applied, during the 
second step of tightening 

d = bolt diameter Degrees Part turn 

/ < 2d 60 1/6 

2(1 < t < 6d 90 1/1 

6d < I < lOd 120 1/3 

NOTE Where the surface under the bol l head or nut (al lowing lor taper washers, if used) 
is nol perpendicular lo the bol l axis, the required angle of rotat ion should be determined by 
testing 

8.5.5 I IRC method 

The IIRC bolls shall be tightened using a specific shear wrench equipped w i th two co-axial sockets, 
which react by, torque one against the olher. The outei- socket, which engages lhe nut, lolates 
clockwise. The inner socket, which engages the spline end o f the bol l , rotates anticlockwise. 

NOTE 1 The shear wrench operates as follows: 

— during the tightening operation of an assembly, llie socfcet in rotation is the one that liiids the least 
resistance to it; 

— Irom the outset and right up lo tlie last lightening step, the outer socket on the nut rotates clockwise 
while the inner socket holds the spline end without rotating, the result being that the bolt assembly is 
progressively tightened by the increasing torque applied lo the mil; 

— at llie last lightening step, i.e. when the lorsiojial resistance plateau of the break-iieck section is attained, 
the inner socket rotates anticlockwise while the outer socket on nut provides the reaction witiiout 
rotating; 

— the holt assembly installation is complete when the spline end shears oi l at the break-neck section. 

The specified preload rcquirenienl is control led by the IIRC bolt itself by means of the geoii ielr ical and 
torsion mechanical characteristics together w i th the lubricat ion conditions. The equipment does not 
need calibral ion. 

In order lo ensure that the preloads in fully installed bolts in connections meet the specified ni in inuini 
pi eload requirement, the bol l installation jirocess generally comprises two t ightening steps; both using 
the shear wrench. 

The first t ightening step is achieved at the latest when the shear wrench outer socket stops turning. If 
specified this first step is repeated as often as l equired. This first step shall be completed for all bolts in 
one comieclion pr ior lo conimeiicei i icnl o f t he second step. 

NOTE 2 Guidance of the equipment maiiulacturer may give additional iii loi ii ialioii on how lo identify if 
pretiglileniiig has occui i ed, e.g. sound of shear wrench changing, or if olher methods of pi eligliteniiig are suitalile. 
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T i ic second t ightening step is ac hieved when the spl ine enti of I he bolt shears olTal the bi eak-necU. 

I f the assembly condi t ions are such lhat i l is not possible lo use the shear wrench on the IIRC bo l l 

assembly, e.g. for lack of space, l igh ten ing shall be carr ied out using a procedure in accordance w i l h the 

lorciue contro l method (see 8.5.3) w i l h the aid of the /c-class K2 in fo rmat ion or lest according to 

Annex +1 or using a direct tension ind icator (see 0.5.6). 

8.5.6 Direct tension indicator method 

This subclause applies to compressible washers, such as direct tension indicators in accordance w i t h 
EN 14399-9, wh ich indicate at least the rcciuired m i n i m u m preload has been achieved, by mon i to r ing 
the force in the bo l l , l l does not cover indicators l ha l rely on tors ion, l l does not apply to direct 
measm-ement of bo l l preload by use of hydraul ic ins t r imien ls . 

The direct tension indicators and the i r associated washers shall be assembled as specif ied in EN 14399¬

9. 

The f u s l step of t ightening lo reach a un i fo rm "snug- l ight" condi t ion of a fastener assembly shall be 
when in i t ia l de format ion o f t h e DTI pro t rus ions begins. This f i rst step shall be completed for all bol ls in 
one connect ion p r i o r lo commencement o f t h e second step. 

The second step of l ighten ing shall be as EN 14399-9. The gaps measin cd on the indicat ing washer may 
be averaged lo establish the acceptabi l i ty o f t h e bo l l as.sembly. 
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Annex B 

Used codes: 

EN1090-1 :2009+A1:2011 -Execut ion o f steel s t ruc tu res and a l u m i n i u m s t ruc tu res 

Part 1 : Requ i rements f o r c o n f o r m i t y assessment o f s t ruc tu ra l 

c o m p o n e n t s 

EN 1090-2- i -A l :2011 -Execut ion o f steel s t ruc tu res and a l u m i n i u m s t ruc tu res 

Part 2: Technical r equ i r emen ts f o r steel s t ruc tu res 

EN 1990- i -A l - rA l /C2 :2011 - Basis o f s t ruc tu ra l design 

Overv iew EN 14399 codes: 

EN 14399 -1 :2015* -H igh-s t rength s t ruc tu ra l bo l t ing assembl ies fo r p re load ing 

Genera l r equ i r emen ts 

EN 14399 -2:2015 - Sui tab i l i ty tes t fo r p re load ing 

EN 14399 -3:2015 - System HR - Hexagon bo l t and nu t assembl ies 

EN 14399 •4:2015 - System HV - Hexagon bo l t and nu t assembl ies 

EN 14399 -5:2015 - Plain washers 

EN 14399--6:2015 - Plain c h a m f e r e d washers 

EN 14399 •7:2008 - System HR - Counte rsunk head bo l t and nu t assembl ies 

EN 14399--8:2008 - System HV - Hexagon f i t bo l t and nu t assembl ies 

EN 14399--9:2009 - System HR or HV - Direct tens ion ind ica tors f o r bo l t and nu t assembl ies 

EN 14399-•10:2009 - System HRC - Bolt and nu t assembl ies w i t h ca l ib ra ted p re load 

Harmon ized code. This series o f EN 14399 codes are par t o f CE-mark ing. 
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Annex C 

Results tightening methods related to the rotation-bolt force curves of 

EN 14399-2 "general", EN 14399-3 "HR bolts" and EN 14399-4 "HV bolts'' 

EN 14399-2 "General requirements" Figure 2. 

In th is f igure o f EN 14399-2 is 

A 6 > i d e f i n e d as t h e ang le d i f f e r e n c e b e t w e e n f p = 0.7 F^bAsand t h e r o t a t i on a t t h e 

m a x i m u m bo l t fo rce Fbi,max i¬

- A 6 ^ is de f i ned as t h e ang le d i f f e r e n c e b e t w e e n Fp = 0.7 F^As^nd t h e ro ta t i on w h e r e t h e 

tes t is s t opped . 

Figure 2 EN 14399-2 corrected according to EN 14399-3 and EN 14399-4 used for the evaluation 

EN 14399-2 general 

EN 14399-3 /4 HR and HV bolts 

fi|„ S;, 8„ 9{'] 

NOTE: "a" on t h e end o f t he curve means end o f t h e tes t , no t t h e fa i lu re o f t h e bo l t . 

EN 14399-3 and EN 14399-3 gives a m o r e specif ic de f i n i t i on o f t h e A 6 > i and A 6 ^ va lue . 

In these codes 

- A0i is d e f i n e d as t h e ang le by w h i c h t h e n u t (o r bo l t ) has t o be t u r n e d s t a r t i n g f r o m a 

p r e l o a d o f Fp = 0.7 FubAs unt i l t h e m a x i m u m bo l t fo rce Fbi,max is reached. 

- A02 is de f ined as t h e ang le by w h i c h t h e n u t (op bo l t ) has t o be t u r n e d s t a r t i n g f r o m a 

p r e l o a d o f Fp = 0.7 FubAs unt i l Fbi has d r o p p e d again t o Fp = 0.7 FubAs. 

This eva lua t ion makes use o f t h e co r rec ted l ine as t h e nomina l o r nomina l r o ta t i on -bo l t curve fo r 

t h e d e t e r m i n a t i o n o f t h e pre- loads in t h e bo l t assembl ies. 

E N 1 4 3 9 9 - 3 (HR) 
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7.3 A n g l e by w h i c h t he nu t (or bo l t ) has to be t u r n e d s t a r t i n g f r o m a p re load o f 0,7 / ^ j , x / ( , u n t i l 

/•'bimax Is reached ( A 0 , ) 

The values indicated in Table 8 are for information only. 

Table 8 — Values for AS, 

Clamp lenglti A6>, 

I / ' min. 

90° 

120° 

6 , / s i r s 10 </ 150° 

' I ƒ is ttie total ttiickness of ttie clamped parts including wastier(s). 

7.4 A n g l e b y w h i c h t he n u t ( o r bo l t ) has t o be t u r n e d s t a r t i n g f r o m a p r e l o a d o f 0,7 ^ - 's 
has d r o p p e d a g a i n t o 0,7 /^.b x . ( j (A6^ ) 

The values for specified in Table 9 apply. 

Table 9 — Values for Af i^ 

Grip length A02 

min. 

Z / < 2 </ 210° 

2 , / < I r < 6 < / 240° 

6 , l < l i S 10</ 270° 

' E / is the total thickness of the clamped parts including washer(s). 

E N 1 3 4 9 9 - 4 (HV) 

7.3 A n g l e b y w h i c h t h e n u t ( o r b o l t ) h a s t o be t u r n e d s t a r t i n g f r o m a p r e l o a d o f 0,7 x . l j u n t i l 
/•'bi max i s r e a c h e d ( A 0 , ) 

The values indicated in Table 6 arc for information only. 

Tab le 6 — Va lues for A 0 i 

Clamp length AOi 

l l ' mm 

Ï . K 2 . I 90' 

2 . / < I r < 6 ./ 120' 

6 < / < Z r < 1 0 . / 150' 

" E ƒ is fhe total thickness of the clamped paris including washer(s). 

7.4 A n g l e by w h i c h t h e n u t ( o r b o l t ) h a s t o be t u r n e d s t a r t i n g f r o m a p r e l o a d o f 0 , 7 / „ b x - I s u n t i l 
/•"bi h a s d r o p p e d a g a i n t o OJJ^,^y^xAs ( A é ^ ) 

The values for A 6 ^ specified in Table 7 apply. 

Tab le 7 — Values for A f i ^ 

Grip length AS j 

Z r " min. 

r r < 2 . / 180° 

2 , / < Z / < 6 , ; 210' 

6 ( / < I l S l 0 , / 240' 

' I ( is the lotal thickness of the clamped iDarts including washer<s). 
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Annex: D.1.1 

D e t e r m i n a t i o n r e l i a b i l i t y o f t h e T o r q u e m e t h o d fo r t i g h t e n i n g bo l t a s s e m b l i e s . 

I n p u t o l d E N 1 4 3 9 9 v e r s i o n Vk = 0 , 1 0 a n d 2 0 1 5 v e r s i o n V k = 0 0 6 m e a n v a l u e 0 , 7 7 fubAj. 

Determination forthe combined coefficient of variation (VVX) including 

the variations of the tools used for testing and installation 
Old alternative 

Coefficient of variation /c-factor ) for bolt assemblies. 
A 0,10 0,06 

allowed in clause 7.5.2 of EN 14399-3 and EN 14399-4 
0,10 0,06 

Coefficient of variation /c-factor ( l / ^ ) for installation tools 

EN 1090-2: the required accuracy o f t h e torque in the second step ±4% 

From accuracy to (l/k.tooi): Vk.too 1= 0.04/1,65 = 0,024 B 0,024 0,024 

Comined /c-factor [Vcomb.] 0,103 0,065 

Determination ofthe achieved reliability forthe nominal minimum preload. 

top value for bolt assembly failure = 0,90 fubAs 0,90 0,90 

bottom value for preload =0,70 fubAs 0,70 0,70 

coefficient of variation of /c-factor (U;;) bolt assembly 0,10 0,10 

a Comined /c-factor [Vcomb.] 0,103 0,065 

Torque value for average target preload according to 8.5.3 line b) 1,10 1,100 

b target/mean value Normal distr ibution fubAs 0,77 0,77 

c 6-index for reliabil i ty 95% 1,65 1,65 

d 5 % top value, should be equal or below 0,90 ( l - i - l , 65xa)b f.KA. 0,901 0,852 

e 
percentage to bolt assembly fai lure, 

should be equal or below 100% 
d / 0,90 % 100,1 94,7 

f real P-index for reliabil i ty (0,90-b)/(axb) 1,642 2,613 

g reliabil ity for fa i lure van f naarg % 95,0 99,6 

h 95% bottom value, equal or higher than 0,70 ( l - l , 6 5 x a ) b fubAs 0,639 0,688 

f 
percentage compared to minimal preload, 

shall be equal or over 100% 
h /0 ,70 % 91,3 98,3 

k real p-index for reliabil i ty (b-0,70)/(ax b) 0,884 1,407 

L 
reliability for nominal minimum preload, 

shall be equal or over 95% 
from k to L % 8 1 , 2 9 2 , 0 
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Annex: D.1.2 

Determination reliability of the Torque method for tightening bolt assemblies, 

input: corrected = 0,06 with mean value 0,784 f^bAs, alternative 0,80 f^bAs. 

Determination for the combined coefficient of variation (Vl<t) induding 

the varlationsof the tools used for testing and installation 
present alternative 

Coefficient of variation /c-factor ) for bolt assemblies. 

alternative on clause 7.5.2 of EN 14399-3 and EN 14399-4 
A 0,06 0,06 

Coefficient of variation /c-factor ) for installation tools 

EN 1090-2: the required accuracy of the torque in the second step ±4% 

From accuracy to ( l / k . t o o i ) : Vk.too 1= 0.04/1,65 = 0,024 B 0,024 0,024 

Comined /c-factor (Vcomb.) 0,065 0,065 

Determination ofthe achieved reliability forthe nominal minimum preload 

top value for bolt assembly failure = 0,90 fubAs 0,90 0,90 

bot tom value for preload =0,70 fubAs 0,70 0,70 

coeff icient of variation of /c-factor (1/*;) bolt assembly 0,10 0,10 

a Comined /c-factor {Vcomb.) 0,065 0,065 

Torque value for average target preload according to 8.5.3 line b) 1,12 

b target/mean value Normal distr ibution fubAs 0,784 0,800 

c 6- index for reliabil i ty 95% 1,65 1,65 

d 5 % top value, should be equal or below 0,90 ( l - i - l , 65xa )b fubAs 0,868 0,885 

e 
percentage to bolt assembly fai lure, 

should be equal or below 100% 
d / 0,90 % 96,4 98,4 

f real (B-index for reliabil i ty (0,90-b)/(a X b) 2,290 1,934 

g reliabil i ty for fa i lure van f naarg % 98,9 97,3 

h 95% bottom value, equal or higherthan 0,70 ( l - l , 6 5 x a ) b fubAs 0,700 0,715 

j 
percentage compared to minimal preload, 

shall be equal or over 100% 
h /0 ,70 % 100,1 102,1 

k real (B-index for reliabil i ty (b-0,70)/(axb) 1,658 1,934 

L 
reliability for nominal minimum preload, 

shall be equal or over 95% from k to L % 95,1 97,3 
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Annex: D.2.1 

D e t e r m i n a t i o n r e l i a b i l i t y o f t h e H R C m e t h o d fo r t i g h t e n i n g b o l t a s s e m b l i e s . 

H R C m e t h o d e q u i t a t i o n p r e s e n t E N 1 4 3 9 9 - 1 0 2 : 2 0 1 5 a n d p r E N 1 0 9 0 - 2 r e v i s e d 

I n p u t o l d E N 1 4 3 9 9 v e r s i o n Vk = 0 , 1 0 a n d 2 0 1 5 v e r s i o n V k = 0 0 6 m e a n v a l u e 0 , 7 7 fubAs. 

Determination forthe combined coefficient of variation (Vl<t) induding Old Adjusted 

Coefficient of variation /c-factor ) for bolt assemblies. A 0,10 0,06 
allowed in dause 7.5.2 of EN 14399-3 and EN 14399-4 

0,10 0,06 

Coefficient of variation /c-factor (V^) for installation tools 

EN 1090-2: the required accuracy o f t he torque in the second step ±4% 

From accuracy to ( l / |< . too i ) : Vk.too 1= 0.04/1,65 = 0,024 B 0,000 0,000 

Comined /c-factor (Vcomb.) 0,100 0,060 

Determination of the achieved reliability for the nominal minimum preload. 

top value for bolt assembly failure =0,90 fubAs 0,90 0,90 

bottom value for preload =0,70 fubAs 0,70 0,70 

coefficient of variation of /c-factor (U/i) bolt assembly 0,10 0,06 

a Comined /c-factor (Vcomb.) 0,100 0,06 

Torque value for average target preload according to 8.5.3 line b) 1,10 1,10 

b target/mean value Normal distr ibution fubAs 0,77 0,77 

c 6- index for reliabil i ty 95% 1,65 1,65 

d 5 % top value, should be equal or below 0,90 (1 -H ,65xa)b fubAs 0,897 0,846 

e 
percentage to bolt assembly failure, 

should be equal or below 100% 
d / 0,90 % 99,7 94,0 

f real |3-index for reliabil i ty (0,90-b)/(axb) 1,688 2,814 

g re l iab i l i ty for fa i lure van f naarg % 95,4 99,8 

h 95% bottom value, equal or higherthan 0,70 ( l - l , 6 5 x a ) b fubAs 0,643 0,694 

j 
percentage compared to minimal preload, 

shall be equal or over 100% 
h / 0,70 % 91,9 99,1 

k real p-index for reliabil i ty (b-0,70)/(ax b) 0,909 1,515 

L 
reliability for nominal minimum preload, 

shall be equal or over 95% 
from k to L % 8 1 , 8 9 3 , 5 
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A n n e x : D.3 

Dif ferent iat ion of the to achieve preloads in the f i rs t step of the Combined preload method 

using the in 8.5.4 EN 1090-2 a l lowed simpl i f icat ion M^.i = 0,125 d Fpc 

in combinat ion w i t h the accuracies for the to rquetoo ls of 4 % and 10%. 

maximum 

values 

target 

value 

minimum 

values 

Allowed and ultimate values k2 according to EN 1439-3 ant k2 0,10 

1,25 

0,12i; 0,16 

factors to /Cmin and k^^^ 

k2 

1,25 0,781 

Differentiation factors a 

ƒ u.b A , 

ƒ u.b A s 

25% 21,9% 

Target value fist step Fp. l = 0,75 f p r = 0,525 f,,^ 

a 

ƒ u.b A , 

ƒ u.b A s 

(),r.7.':i / u . b As 

Maximum and minimum values first step 

a 

ƒ u.b A , 

ƒ u.b A s (],(,'',(, 0,410 

combination factor + 4% torque {a'^2 + 4'^2)'^0 

combination factor + 10% torque (a"! + 10'^2)'^0, 

4% 

ƒ u.b A s 0,658 

25,3% 22,2% 

0,408 

combination factor + 4% torque {a'^2 + 4'^2)'^0 

combination factor + 10% torque (a"! + 10'^2)'^0, 10% 26,9% 24,1% 

ƒ u.b A s 0,666 / u . b A s ƒ u.b As 0,399 

Maximum and minimum values first step, plus or minus 10^ ƒ u.b A s 0,722 + 10% - 0,10 % 0,369 

NOTE: Increase of the /f-factor (fr ict ion) means decrease of the preload. 
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Figure D.1 

Torque method, distribution pre loads accord ing to 
E N 1090-2 art. 8.5.3 

Vers ion VR = 0,06 with mean va lue 1,10 x 0,70 = 0,77 fub A s 

Figure D.2 

T o r q u e m e t h o d , d is t r ibut ion p r e l o a d s a c c o r d i n g to 

E N 1090-2 art . 8.5.3 

V e r s i o n Vk = 0,06 with m e a n v a l u e 1,12 x 0,70 = 0,784 fub A 
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Figure D.3 

nominal strenght boltassembl^ 

% nominal preload -.̂  

Reliability 97̂ 3 % 
I 

Risk fora jong 
uncontrolled yi^ld traject. 

Rotation nut / bolt 

A(9, = 120° 

Ae2 = 210 7 2 4 0 ° 

Torque method, distribution preloads according to 
EN 1090-2 art. 8.5.3 

Version VK = 0,06 with mean value 0,80 fub As 

Figure D.4 
Distribution rotation 

70% 

5 2 % 

CombinetJ method, ditribution p reoads a c c o r d i n g to 

E N 1090-2 art. 8.5,4 

distribution second step with rotation differences Ac 
In the first step neglected 
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Figure D.5 

nominal strenght bolt assembly 84,6% 

N 14399-10: Individual values 
stiear off spline end i 70% 

Figure D.6 

H R C method acoording to EN 1090-2 art. 8.5.5 
and EN 14399-10 

VK = 0,06 mean value 0,77 fub^s 

The spl ine end of the bolt shal l shear off before full 
strenght of bolt is reached 

nominal strenght bolt assembly 

DTI method, distribution accord ing to 

table 4 of EN 14399-9 
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