
1

Dim e n s io n e rin g  a v
s ve t s fö rb a n d  m e d  HFMI 
– e n lig t  n ya  19 9 3-1-9
P o ja  Sh a m s  Ha k im i, W SP  Sve rig e  AB



2

Do k u m e n t

Ko m m a n d e  EN-19 9 3-1-9 , An n e x F

• Ge n e re lla  a n visn in g a r fö r
• Utm a t tn in g sh å llfa sth e t  m e d  HFMI

• Be a kta n d e  a v va ria b e l a m p lit u d

• Ej b rosp e c ifikt

Ko m m a n d e  h a n d b o k  fö r  HFMI p å  b ro a r

• In g å e n d e  i e t t  fo rskn in g sp ro je kt  fö r HFMI-
re kom m e n d a t ion e r

• Be h a n d la r d im e n sion e rin g  fö r b roa r
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Ag e n d a

Ko n ve n t io n e llt  fö rfa ra n d e  fö r  
o b e h a n d la d e  s ve t s a r

• In g e t  b e a kt a n d e  a v m a t e ria lh å llfa s t h e t

• In g e t  b e a kt a n d e  a v m e d e lsp ä n n in g

• Före n kla d  m e t od : ”La m b d a -m e t o d e n ” 
m e d  FLM3

• Me r g e n e re ll m e t od : ”De lska d e m e t od e n ” 
m e d  FLM4

Nyt t  fö rfa ra n d e  fö r  
HFMI-b e h a n d la d e  s ve t s a r

• Tillkom m a n d e  b e a kt a n d e n

• Tillkom m a n d e  b e rä kn in g sst e g
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Ko n ve n t io n e llt  fö rfa ra n d e  - o b e h a n d la d e  s ve t s a r
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La m b d a  m e t o d e n

Ko n ve n t io n e llt  fö rfa ra n d e  - o b e h a n d la d e  s ve t s a r

FLM3

σ

Δσp

∆𝜎𝜎𝐸𝐸,2= 𝜆𝜆 ∗ ∆𝜎𝜎𝑝𝑝

Sp ä n n vid d , t ra fikvo lym , livs lä n g d …

𝛾𝛾𝐹𝐹𝐹𝐹∆𝜎𝜎𝐸𝐸,2 ≤
∆𝜎𝜎𝑐𝑐
𝛾𝛾𝑀𝑀𝑓𝑓

Δσ

N2

∆𝜎𝜎𝑐𝑐
𝛾𝛾𝑀𝑀𝑓𝑓

𝛾𝛾𝐹𝐹𝐹𝐹∆𝜎𝜎𝐸𝐸,2
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De ls k a d e m e t o d e n

Ko n ve n t io n e llt  fö rfa ra n d e  - o b e h a n d la d e  s ve t s a r

FLM4 -1

σFLM4-1

σFLM4-2

σFLM4-3

σFLM4-4

σFLM4-5

𝐷𝐷 = ∑
𝑛𝑛𝑖𝑖
𝑁𝑁𝑖𝑖

≤ 1.0

Δσ

N

ΔσFLM4-3
ΔσFLM4-4

ΔσFLM4-1
ΔσFLM4-2

ΔσFLM4-5

Δσ

N

Δσeq
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• An n e x F i n ya  1993-1-9

• Gä lle r fö lja n d e  fö rb a n d

• Re fe re n sh å llfa st h e t e r m e d  HFMI (S355 och  R=0 .1)

• De ssu t om  fla cka re  lu t n in g  -> yt t e rlig a re  fö rd e l fö r lä g re  sp ä n n in g scykle r

Nyt t  fö rfa ra n d e  fö r  HFMI-b e h a n d la d e  s ve t s a r

8 0 8 0 -90 63-8 0

14 0 160 10 0
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Nyt t  fö rfa ra n d e  fö r  HFMI-b e h a n d la d e  s ve t s a r

8 0

14 0

S355, R = 0 .1 (re f)
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Nyt t  fö rfa ra n d e  fö r  HFMI-b e h a n d la d e  s ve t s a r

8 0

160

S6 50 , R = 0 .1
S355, R = 0 .1 (re f)
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Nyt t  fö rfa ra n d e  fö r  HFMI-b e h a n d la d e  s ve t s a r

8 0

90

S6 50 , R = 0 .1
S355, R = 0 .1 (re f)
S355, R = 0 .5160
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• f1 – fa kt o r fö r b e a kt a n d e  a v s t rä ckg rä n s (fy)

• f2 – fa kt o r fö r b e a kt a n d e  a v m e d e lsp ä n n in g  (R)

• Ka ra kt e ris t isk  h å llfa s t h e t  m e d  e n b a rt  2% u n d e rskrid a n d e  (5% a n vä n d s n o rm a lt )

Nyt t  fö rfa ra n d e  fö r  HFMI-b e h a n d la d e  s ve t s a r
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Effe k t  a v m e d e ls p ä n n in g  (R)

De fin it io n
σ

σmax

σmin

𝑅𝑅 =
𝜎𝜎𝑚𝑚𝑖𝑖𝑛𝑛

𝜎𝜎𝑚𝑚𝑚𝑚𝑚𝑚



13

Effe k t  a v m e d e ls p ä n n in g  (R)

Tra fik d a t a  a n a lys e ra d  i o lik a  b ro a r  - FALLSTUDIER

𝑅𝑅
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Sk a d e e k viva le n s fa k t o rn  - 𝝀𝝀𝑯𝑯𝑯𝑯𝑯𝑯𝑯𝑯

Φ = 𝜎𝜎𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝

2∆𝜎𝜎𝑝𝑝
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Fö r b ro a r  m e d  la m b d a -m e t o d e n

• Hå llfa s t h e t e n  b e a k t a r  fy

∆σHFMI,C= 𝑓𝑓1 ∗ ∆𝜎𝜎HFMI,C,ref

• La s t e ffe k t e n  b e a k t a r  m e d e ls p ä n n in g e n  

∆𝜎𝜎𝐸𝐸,2= 𝜆𝜆 ∗ 𝜆𝜆𝐻𝐻𝐻𝐻𝐻𝐻𝐻𝐻 ∗ ∆𝜎𝜎𝑝𝑝

𝛾𝛾𝐹𝐹𝐹𝐹∆𝜎𝜎𝐸𝐸,2 ≤
∆σHFMI,C

𝛾𝛾𝑀𝑀𝑓𝑓

• …o c h  ve rifie r in g e n  b lir
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Fö r b ro a r  m e d  d e ls k a d e m e t o d e n

𝛥𝛥𝛥𝛥𝑒𝑒𝑒𝑒,𝑅𝑅 = 𝜆𝜆𝐻𝐻𝐻𝐻𝐻𝐻𝐻𝐻 ∗ 𝛥𝛥𝛥𝛥𝑒𝑒𝑒𝑒

Δσ

N

Δσeq

Δσeq,R
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De n  s k a d lig a  m e d e ls p ä n n in g s e ffe k t e n :

• Be a kt a s  e n b a rt  om
• HFMI i ve rkst a d , d ä re ft e r p e rm a n e n t la st e r

• Be a kt a s  in t e  om  
• HFMI g örs e ft e r a t t  a lla  p e rm a n e n t la st e r la g t s p å

Slu t lig e n
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