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‘ ‘The bolted joint is no mindless monster, but a living organism with its own rich inner life. Only the one who
knows and respects this life, can expect a reward in the form of reliability and safety , )

1. Introduction
The bolted joints are exposed to various mechanical, chemical
or most combined attacks when using (Table 1). Under certain
adverse conditions it can cause crash structures often with tragic
consequences. The submitted article tries to answer how and
why it happens.

Table 1 Various operating forces
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2. Stress analysis

2.1 Mechanical stress

As it can be seen from Fig. 1, the forces acting on the bolted
joints have either static or dynamic character. Both cases can be
in an uncontrolled effect dangerous for the construction.

Cwvatali Baglantilarin Gerilimi

A) Static forces

Significant difference in loading of bolted joints and other struc-
tural elements lie in the fact that, in case of bolted joints, the oper-
ating forces affect the pre-stressed system created by assembly
(Fig. 2) By that, the final loading changes significantly.
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Fig. 2 Force triangle of
bolted joint / Civatal: bag-
" lantinin gii¢ ti¢geni

The effect of operating forces does not allow to increase total
pre-stress over permitted loading .allowed max, given by
strength characteristics of steel. In other case the joint decay oc-
curs, namely by brittle fracture of a screw or by thread run out
(Fig. 3).
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Fig. 3 Model for
the static tensile
stress / Statik
¢cekme gerilimi
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‘ ‘ Cwvatall baglanti, akilsiz bir canavar degildir, fakat zengin i¢ hayati ile yasayan bir organizmadir. Sadece
bu yasami bilen ve saygi duyan kisi emniyet ve giivenirlik seklindeki miikdfati bekleyebilir) )

1.Girig

Cwvatali baglantilar kullamim swrasinda, ¢esitli mekanik, kimyasal veya
birlesik saldirilara maruz kalirlar (Tablo 1). Belli olumsuz sartlar altin-
da, trajik sonuglarla parcalanmis yapilara sebep olabilirler. Bu yazi, bu
durumun nasil ve neden oldugunu aciklamaktadir.

Tablo 1 Cesitli calisma kuvvetleri
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2. Gerilim analizi

2.1 Mekanik gerilim

Sekil 1'°de de goriildiigii gibi, civatali baglantilar tizerinde hareket eden
kuvvetler statik veyva dinamik karaktere sahiptir. Her iki durumda da,
yapt i¢in tehlikeli olabilecek, kontrol edilemeyen bir etki olabilir.

A)Statik kuvvetler

Cwvatalr baglantilar ve diger yapt malzemelerinin yiiklenmesindeki
onemli farkliliklar, civatali baglantilarin oldugu durumda, ¢alisma kuv-
vetlerinin montaj ile olusturulan on gerilimli sistemi etkilemesinde yat-
maktadir (Sekil 2). Bununla birlikte, finaldeki yiikleme dnemli olgiide
degismektedir.

Calisma kuvvetleri etkisi, ¢eligin gii¢ ozellikleri tarafindan belirlenen

yiikleme iizerindeki toplam én gerilimin arttirilmasina oizin verilen maks.
miisaade etmemektedir. Diger durumda, vidadaki kirilgan ¢atlaklar veya
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One-axis tensile loading is directed by common Hook’s Law. Af-
ter exceeding limits of proportionality, the damage of the material
occurs in the shank area according to the model in Fig. 3 lead-
ing to the total destruction. Fig. 3 demonstrates various position
of shank at once. The production technology of threads is the
cause of it. Upper part of screw thread was strengthened by roll-
ing therefore a shank was formed in the area of a weaker shaft.

Decay of bolted joint can occur also by thread run out (Fig. 4) or
by excessive torsional loading (Fig. 5a) while assembly, respec-
tively more often by disassembly. “Cold weld” is the typical cause
of torsional fracture. It occurs by incorrect material combination,
e.g. stainless steel A2/ steel (Fig. 5b).

Fig. 5 Torsion
fracture /
burulum ¢atlag
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The results of simultaneous effect of torsional loading and tensile
force are biaxial stress state, consisting of tensile part @« and
sliding stress F'w. The so called equivalent final stress T« results
from these two stress components

Tov=+0On +30:°

which is then directly comparable to the limit of the steel slide. In
accordance with VDI 2230 the limit of the slide should not be ex-
ceeded when tightening. However, the latest knowledge does not
support this rule and recommends tightening to the slide limit,
possibly higher; because of the external moment elimination (fin-
ishing assembly) and the influence of added tensile operating
force, the stress part T is reduced partially or even totally.

B) Dynamic forces

Material fatigue is directed by different fracture mechanism as a
result of cyclical influence of external forces repeating.

fast fracture

Fig. 6
Fatigue
screw
fracture /
yorulan vida
catlag: I 43 RN
The fatigue crack is, in this case, initiated on the surface and
spread in direction to the core to such an extent that it weakens
cross-section which cause a sudden fracture of remaining screw
part (Fig. 6). It is the most often occurring kind of mechanical
bolted joints fracture. Fracture surface is localized into the places
with the most concentrated stress. The input to nut is the most
frequent place (Fig. 7) for the transition from smooth to thread
part of screw.
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sizinti nedeniyle baglanti ¢iiriimesi olugur (Sekil 3)

Tek eksenli ¢ekme yiiklemesi, ortak Hook Yasasi ile yonetilmektedir.
Orantiblik limitleri asildigi zaman, civata sapi alaninda sekil 3 teki
modelde goriildiigii gibi toplu tahribe neden olabilecek malzeme hasart
olusur:. Sekil 3, ¢esitli civata sapt pozisyonlarini gostermektedir. Bunun
nedeni vida dislerinin tiretim teknolojisidir. Vida disinin iist kismi, silin-
dirleme ile gii¢lendirilmistir, bu nedenle civata sapi, daha zayif olan saft
alaminda sekillendirilmistir.

Vida digi sizintisi (sekil 4) veya asirt burulumsal yiikleme gibi (Sekil Sa)
nedenlerle de montaj ve daha siklikla sokiim sirasinda civatali baglanti-
lar bozulabiliv. “’Soguk kaynak” burulumsal ¢atlagin tipik bir sebebidir,
vanliy materyal kombinasyonu nedeniyle olugur (6rn; paslanmaz ¢elik
A2/celik) (Sekil 5b).

Burulumsal yiikleme ve gerilme kuvvetinin eszamanl etkisinin sonucu
gerilim par¢ast (oM) ve siirtiinme kuvvetinden (tM) olusan ¢ift eksenli
gerilme halidiv. Bu iki gerilim bileseninin sonucunda ¢elik kayma limiti
ile kiyaslanabilir esdeger final gerilimi aekv olusur,

VDI 2230°a uygun olarak, kayma limiti stkistirma swrasinda asilmamali-

dir. Fakat elimizdeki son bilgiler bu kurali desteklememektedir ve kayma
limitinin sitkistirilmasimi Gnermektediv; dis moment tasfiyesi (montajin
bitimi) ve eklenen gerilim kuvveti nedeniyle, gerilim kismi ™™ kismen
veya tamamen azalir.

B) Dinamik kuvvetler

Metal yorulmasi, tekrarlanan dis kuvvetlerin dongiisel etkisi sonucunda-
ki farkl ¢atlak mekanizmalar tarafindan giidiimlenmektedir.

Bu durumda yorgunluk ¢atlamasi, yiizeyde baslar ve bu yonden merkeze
dogru o kadar ilerler ki kalan vida par¢asinda aniden ¢atlak olustura-
bilecek sekilde kesit alanini zayiflatir (Sekil 6). En yaygin sekilde olusan
mekanik civatali baglanti ¢atlamast budur. Catlak yiizeyi, en yogun se-
kildeki gerilim ile lokalize edilir. Somun i¢i (Sekil 7), yumusak alandan
vidamin digli kismina gegis i¢in en sik kullanilan yerdir.

Tablo 1’e gore alternatif dinamik yiikleme sadece bir yonden etkilemek
zorunda degildir; sekil 8 de goriildiigii gibi iki tarafli da olabilir. Catlak
yiizeyinin ortasindaki ¢izgi, tipik bir ornektir. Kendiliginden gevseme,
cwvatalt baglantilarin dinamik yiiklemesinin bir yan etkisidir. Bu konu
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Fig. 7 The stress dis-
tribution gained with
the help of FEM /
FEM yardimiyla ger¢ek-
lesen gerilim dagilimi

According to Table 1, alternating dynamic loading does not have
to affect only by one direction; it can be bilateral as it is shown
in Fig. 8. “A ridge” in the middle of fracture surface is a typical
example.

Fig. 8 Fracture surfaces
after bilateral loading /
¢ift tarafl yiikleme sonra-
st ¢atlak yiizeyleri

Self-loosening is a side effect of dynamic loading of bolted joints.
This topic deserves individual attention therefore it will not be be
labored here.

2.2 Combined mechanical-chemical loading

This term is understood as simultaneous corrosion attack of steel
and mechanical influence. There are two such cases:

a) Corrosion cracking

b) Hydrogen embrittlement

Fig. 9 Corrosion cracking /
paslanma ¢atlag

Corrosion stress

bireysel bir dikkat gerektirdiginden burada iglenmeyecektir.

2.2 Birlestirilmiy mekanik-kimyasal yiikleme

Bu terim, ¢eligin paslanmasi ve mekanik etkinin es zamanl sonucu ola-
rak anlasilmaktadir. Iki tane benzer durum vardir;

a) Paslanma ¢atlagi

b) Hidrojen gevremesi

Paslanma ¢atlamasi, saldirgan ¢evrenin, agiktaki kristal gelik orgiisiiniin
icine ulagsmasina izin veren ¢atlagin (6rn. vida basinin altinda/sekil 9)
varligi nedeniyle paslanmaz ¢eliklerde en sik sekilde olugur.

Hidrojen gevremesi aldatici bir durumdur ¢iinkii metalografik olarak
ayirt edebilmek ¢ok zordur. Sekil 9, hidrojen gevremesi ornegini pompa
lizerinden gostermektedir. Hidrojen gevremesinin tasfiyesine neden olan
pek ¢cok farkl tavlama prosediirii bulunmasina ragmen, en iyi ¢oziim, tek-
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Corrosion cracking emerges the most frequently in case of stain-
less steels and the cause of it is the existence of a crack, e.g.
under the head of a screw (Fig. 9) which enables the access of
aggressive environment into the uncovered crystal steel lattice.
Hydrogen embrittlement is a treacherous thing because it is very
hard to identify it metallografically. Fig. 10 demonstrates the ex-
ample of hydrogen embrittlement in case of a pump.

Fig. 10 Hydrogen embrittlement of a pump joint bolt /
pompa baglanti civatasinin hidrojen gevremesi

Despite of the fact that there are various annealing procedures
leading to elimination of hydrogen embrittlement, the best rem-
edy is to remove a contact with the sources of hydrogen from
technological process. For example, galvanic processes (i.e. gal-
vanization or staining of highly solid steels — Class 10.9 and 12.9)
are very dangerous.

Conclusion

As it was mentioned in the text, bolted joints can fail in various
ways. These failures are very dangerous. In order to prevent it or
minimize the risks, it is important:

1. To know perfectly the theory and practice of screwing, i.e. to
master the behavior of bolted joints when assembly and in ac-
tion.

2. To know the conditions under which a future structure, respec-
tively a product, will work.

3. To respect prescribed assembly regulations.

Bolted joint then will reward you with reliable function and safety
of operation.

nolojik islemden hidrojen kaynaklari temasim uzaklagtirmakewr: Ornegin,
galvanik iglemler (Grn. Yiiksek katliktaki ¢eliklerin galvanizlenmesi veya
boyanmasi-sinif 10.9 ve 12.9) ¢ok tehlikelidir.

Sonuc¢

Yazida da bahsedildigi gibi, civatali baglantilar ¢esitli sekillerde bozu-
labilirler. Bu bozukluklar ¢ok tehlikelidir. Bunu dnlemek veya riskleri en
aza indirmek igin;

1.Vidalama teorisi ve pratigini ¢ok iyi sekilde bilmek (orn. montaj veya
calisma sirasinda civatal baglantilarin denetimi)

2. Uriiniin hangi kosullar altinda ¢calistiging bilmek

3. Kurallarla saptanmis montaj diizenlemelerine saygi duymak ¢ok
onemlidir.

Bundan sonra civatali baglanti sizi giivenilir fonksiyon ve emniyetli ¢a-
lisma ile ddiillendirecektir.




