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I"osd irrdiffii"g
J O Sgficcs zld lI E Ibtehin dllscass 6e iafucocc of toad.indcaing

rasLers on bot relaaioo in ioic sbirxt to hrit' prft forces.

InDEoal.se'@indicatingboltsad decrcasedty&cprreseoceofagindiaor i!ftiat 8t berseeo fange $r&acs.
m$crs do aot coatribste SgufcaUy deeicB. Daails of 6c risr iriDts are Oows in
tc boh rdaxaion brut occasioal dqrlns Th -rFs d:saihed b"-low &€ F g I- A thin floge eas -ced ro eDsue
here beeo ereresseA about 6cir perfc- des'Ef'ed to cgEcparc 6c h6s of rn-irrr l lElyfoE o 6c bohs. Tbc bolts
ryfge " epplicadoos whcre modest pr€lcosi@rmder*eorepryingc@di Tele caiibmrca usdcr zpprolprfue
i€eds of cstcraal tcosion ate to be tioaswithadeitbmtatoaC-inaica*rg cooditios(wi&orsi&outsasbcr)ina
uaas:nd. k is argued thar sucb *ash€-Thcydaoeroasinatixrwtcre tcosim *(FQ3)rusfogahcadsrah
l@ding indilce a firrtcr pctEalcd &ewtol'ed-decs6oalmsilebadiag metbod psorc ro aD accorasy of

iuo tbe'iodlztiag *asbcr banribusbletoinpedlcd,tehichis = 3 F ceot at 99 pcr cem cqfdcaa
(c!4icatiryhead)rrbicbrotaoval also a cnrcEe c5rditio. me ioat lerel.-They*rerh."'radccrdtothe
d l€dr omibmcs rc bott rclsarba ,lcrdli are based, b trro rc, o i* st picci ard tigllcoed o proof bad
adlorsiagofsbccrcsis@-Tbcse repcted b'y Mi!rcr aoA gouslra, ns-iecescatilisbodled(for-twobolrs)
b oo crpeeiocotal or pracdcaleridcace wtich eoaties a frr&cr couecnm to ad uabedcd sidledy fu a l0 Eirl
fc stch a hfodesis, ahbogb in sooe be "'-de for ioinrs withont ia;catss. panse- The proccdure was repcarcd after
cases of gying actio (u$atly hrct"ing Grade fGB botrs -cre uscd iD tbc abo"€ I trOcr 10-mb psuse, up to a peak load
rnislignrrtot of thc fayilg sur&acs) ncorioaed cascs fc'fiis reasm" also. lt of t0 per ccot pr,oof U{ aod so oo b
inccascd bolt rda*adtn is koca rc fuuld,ofcourse,beEsd€r$oodderBs 20pcrccotbcacocasuadapcakted
occurwhedsindicatorsareusedcmt. 4& gnrt 2 prohibirs tbe use of g3ade of lS0perceotprroofloadwasrcacbed.
Ilmer, &e qpcstioa is rrhcrlcc tbe l&8 bots as ticrlm Fb bolrs Ebeo ID rcsts 3 asd 4, Etich sbotarcd 6c
rdaradm iD soch .ascs !s increascd or pEharyi,€ssileledispreseotra@rruy . effectofiaitidoouctbcrweatbeower

oothermai<rrEuropean codes. sor&ces only, a thick flanp r:rs

Daaiodnorrs #E*ffirruT*TJffi
Tcss I aod 2 Glate to i<rias ei6 geod by the aplicado of bolt Fel@d. The

FE I Qtfi)- Tq&Ec fu t* | and 2. Fig 2 (U@) T qin fc w 3 d 4 - Fig 3 ( tua, tcfi Cat;btabn ;e
fuitfcaa-

T6tDicc! for tesB 3 aDd'4

Z dta hoiet.

l?0 bolts 10.8 grade
rilr hat{eed s,sher

load-i adl cati ng Esher=
used lo test 3 on'ly

l?2 bolts gsrare
grac rit:b
lur*red ndnr

Sith vier

Cirorlar grip
(high tensi le stcei)



test pft:ces are shsrs b FA 2. Tb bola wrre tesed ahogctbcr, inslndiag
calfrnatba focednre e3s <irril^r ge rhat tbe two snbsegucorly usd ia rcsc 4. The
usd iD 6c prwious tests. I-cding was gap 'rr€a<IrEhcnts wete madc by ftelcr
amficd io seps of 5 kll up rc aa iaitid gatrge ar 6r€e pGiti@s arouad rbc bolr
peak bad d20 per ceot proof had (for hcad-
two bohs) +r.d rdcced ia $mil* ssp6
after a peftd of 15 'ni.. A firrtcr cyde Tat Ranb
nas4plidaftcr15Eb,risingto30per Upper ad lower e*laoes in tbe r&
cem p,oofbed, and so on, for a toal of tioDship betrreco t63l inrtic-tor g4-aod

!?0 grade 10.8 bolt

Solt teriion : kll

tutW6b.dlerafuwbge-

load, wti& was well wi6b tbe rangr
penainca by BS 4395 part 2 (iz
= 15 pcr ccat ofproof led).

Tbc dadoo$b bcteco bott F.sion
and crrrgaal hadfc less I o4 is sbowa
b FiSF e o grcWectrcty. Bo& t'cim b
crgcssed c 6c pcrcogc chn-ge &!s!
irritid Fdoad, dilsr elnal bad b
crprcssea as e psrcee4c dthe psod

Durinscalb'rdi@oftbebolsfctcst intcst4.TbeavemgegzPleonllcodcd <ignif,aalrt diftreoce b pcrfunance
4raaop4nuiry*atahcoo*i"e by 6e madacrnttr cocrcspoodcd to witbcwithstbadi6diczri'rg*a$cr.
tbe rcbostb bctweco bolt tcosiou tneasstedboltteosiosrasgingft@98 Tbe cbasge iB boh tcosio, frlhfog
aad awg: led indicator gap- Four to l{X pcr acot of 6e a;;'-r'- prod apdicado aod lEoosal of a gire Lrd

screo cydcs cnlnt!+;ng in a peak led bolt msion ae sho*:r iu Fig5- Tbese ledfcasioghboh.
of 80 per ccat ptoof ioad. relatcoboltsl"-d2rsnbecqueatlyused Ia re I esd 2r'6cse sas Do

Fig 7- Ta 3l& | - tebeip tu azl Eb d h, h e
6&rr-

Etter'rra] terrsiql + tensiotr- : Z

F;ge-Ldieziryushadb.

l4 C. T* I cd 2 - tt?rzl teAai? fut +nI abt od eoEe ;n
bobaic.,-

0 20 40 69 60 'too 120 t,rc 150 t&
tension * or-oof t€Dsion : :



E$aui tcruio + grtp�f t6r6iot

Fq 8. Ta 3W 2 - tMb tu aut acin cant W a W
wa,.

Ertcraal tlisiorr + proof trnsiqt :.;

F8 9- Ta afob' I - tMdp tu *d ab d 4E h e
Ebr(W2edd.

od: 'tr?n-l load, ras oagilatly lcss
sbcs bed indicams werl uscd- At aa
eneraal bad per bo& of 60 pce .p'.r
psodbad (6c "tr.t'ilrr'fr pcroinea tryl
BS 4504 gt I fur geessal era& bohs)
tbe cba4B sas lcss tho- I pcr ceot of
initid gdmd- At 160 per ccot proof
l@d 6c cbarge was sill betcm l0 per
ceutofpneled-

In t srts 3 ard 4 rhe ctrects of pryilg
ctin wcre qnile ccidcor. 1Xg "+,-.ge iD
boh tcosi{rn wes eppro8ioarcly 0per
ceot of &e ryplicd c*craat toad per Uot
at low lcsels of ereoat load aod approx
100 per ceat at aerthrrn-to-high pcels of
ergaal load, tbus coufiraiogthe rresrlt
obuind by Mutcr asd Bouwuraa.
The ditrccoce bemeea pcrforaaae
rpi& ad wirbsat load indicators was
quirc proDousccd, abo. Tbc ar:rage ls
of preled ia tso bolts after appttatirn
aad rcooval of aa erersl load per bolr
oftO per ceot bad was 29 pcc ceot rybcs
l@dl i6dicat6s wctt uscd aad 39 per cat
whco they werc @isred. Ar t]'Ficat
decg' lcvds of crcaaal rensim the loss
of prelod rzrs lot so acue, ho*ryer.
For aaple, ar 30 per ccar proof led
tirc crespmdirg losses of preirrd were
3 ad 4 per ccot teqccdrely.

Io tcst 3, &e teositrn in tbe two bolts
dift'ered iDcleasiryty as 6e rest pro-
gesscd, borrever, rleindiyidul loss of
prdoad at any sutger:ts always hss tb"'
6e correspodins loss in rcsr 4.
AIfroWh a carefrl dgbcoiat procedure
was used in asc 3, 6cse sas evideoe
tha oe side of the ioiut bad closcd
fractioa[y ne thz', i6q o,the!. Carcful

arodoa E6 Fid !o rittrcoag
procctiure b tes;r 4 eard ii thi< gase
sy@ctdcal ddurc rias obsewed-
AIEN idcotical reosions were obscrv,ed
i! 6e treo bohs tlroughotrt the rcst-
Vhile tbe abwe pheoolncooo say be
anributabh in pct to variatba b bolt q
phre Fopertics, itis perhaps sigsificalt.
tbat b rscs I "',e.Z, qrbere dgbtcobi
ploce&rrc lras of such lcssimportance
because of gpod fit bcnpeco tbe placs,
tbe rdatiooship berpcco crteraal led
aod bolt teoslm s65 ftfufu con<iqcnt fs3
allfourbohs.

The bca€ficial inflneoce
indicator pchcr ia test 3
attributed to several factors:

will, of @se, adse wtca tso plab
bardeoed seel sashcrs areused imead
of ttc cosoary s€. rrasbcr-

Coac,bbn
Tbe resdts fro'. nro erplcatory tcss
$ggFst that the psescace of a led-
inaicatUg qtasbcr inhibits, rether rh^n
induces, loss of prctco.don in a bolt
$bt6 to hEF pryhg conditious-
Althougb nr&er flamins of the pro-
trusios o rhe Eashcr (as a resglt of
gtoss ottErtoad) b sces as a sotrrce of
inrs:aal ddcaatiou, it vwH epre
tbat pryiug forcis ae hssened, tbccby
reduci:ng pcrEaacot ddorqatln in 6e
boh- In otbcrwords, ddqoatioo of tbc
q?asber is sbstimtcd for ddormatioa of
the boh and plate suface, si& lbde
clange iD the f,n-l {d}6sed shape of the
flag6- Ia aaother seose, tbe bad
iadicatsr cmsdrutes aa . additbsal
hardcoed reasbec aad by aidiag
aispersloo of cootacr forccs rill, in aoy
case, reduce permancst indcotmioa of
theplates.

Grade lO'9 bolts pere used in rbc tcss
to iateosiff thc effcts undcr insestiga-
tioa. BS 4604 part 2 prohibis escraat
teosile load on snrch bolts but it is dcar
from the tests tbar c*reoely tlgb
€xteoal load capacity exists, witb only
rniaorlcofprdedbg.

sf the
Eight be

O The d€glee of pryiag is cooaolled by
&e iocation o.f the ftIcruo (c6ectively,
rbe ceatle of boprcim) inrclation io
thc boh axis" Isiriatb, rhe fi:lcnrm is
Iocated at tbe inacr edge of tbe stcel
pack, brot as the boh exleods. the etre
of coogessioa b disDhced rbnnanb the
flaaeu dp- The adilitioal resiliroce
affosded by tbe indicator washer csables
tis effect ro proceed Eore quickb-
Cu) Tae pasher is barria' rhra tir-flan$
oaerid aa<i reduces pctraleot bdeo-
tanm aroua<i tbe edse of dte hole
Gi) Aftcr the iodiceiorgap bas clccdto
lgss th'n 0-5 m, a malc porrioa of tbe
coc4lr srbsequeotb srored i! rbc
easirr is recovetabh, wbcreag mb
$anrial Ises occur in tle bolt inzocs
of plas;ticity at the iuactnn bctseeo hcad
ad sbark aod at the base of l@dcd
tiueads--A nett presuressing cfi'ect is thus
proddcd b'y rirc wasirr. A-simila effecr

fcboUcA*ncat
Tbc dcs wld lftc lo c4ttss rbcir tuks.o
Coqpa & Tunct, GlvlwEri Ssds aj
FacliDSs T i-'ted, Shrtr ld, fur So"'.t-'g dr
rdacsgtC. O


