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Oversattning fran limtrabalk till stalbalk (IPE, HEA och HEB)

Berakningarna ar gjorda enligt BKR (www.boverket.se).

For en normal balk behéver man kolla béjande moment och nedbdjning. Tvarkraft &r hégst osannolikt att
det kan vara avgdrande for barférmagan. Om balken ar valdigt kort kan man tanka sig att man behover
svetsa pa livavstyvningar vid stéd och punktlaster, framfor allt om man valjer en IPE-balk som har lite
klenare liv an de andra stalbalkarna. For en trabalk som ingar i ett bjalklag behéver man ocksa kolla svikt,
men det &r inte aktuellt for en stalbalk.

Ingen vippning far férekomma. Vippning forhindras genom att staga den tryckta flansen i sidled. Den
tryckta flansen ar vanligtvis den 6vre flansen. Om man valjer en IPE-balk maste man vara speciellt
forsiktig med vippning eftersom den har sa liten styvhet i sidled.

Ingen normalkraft eller vridning far forekomma. Det som star har galler alltsa inte pelare.

Vissa balkar paverkas av bojande moment i tva riktningar (tex takasar). For dessa balkar galler inte
beréakningen har utan det férutsatts att balken enbart bojer kring sin starka axel.

Stalbalkar (IPE, HEA och HEB) tillverkas i stdl S275 och S355. Har raknas med S275. Om man valjer
S355 ar det pa sakra sidan, fast om nedbdjning ar dimensionerande kan en balk i stal S355 inte bara
hogre last an en balk i stal S275. Gamla stalbalkar kan tankas vara tillverkade i stdl med lagre héllfasthet
an S275 och da ar denna berakning pa osakra sidan.

Tra har lagre héllfasthet och elasticitetsmodul i fuktig miljé an torr miljé. Berakningarna har ar gjorda for
klimatklass 0-1 vilket ar den torraste miljon. Om miljon ar fuktigare ar denna berakning pa sakra sidan.
Det ar sakrast ar rakna med hog hallfasthet och E-modul for limtrat.

Tra ar ett material som kryper, vilket innebar att nedbojningen 6kar med tiden. Det ar alltsa farligare om
lasten ligger pa under lang tid an under kort tid. For tra har man valt att I6sa krypningsproblematiken
genom att dela in laster i olika varaktighet (P, A, B och C). P &r for permanent last (egentyngd). C &r den
kortvarigaste lasten. Balken ar sakert paverkad av laster med olika varaktighet och for varje lasttyp ar
E-modulen for limtrat olika. Totala nedbdjningen &r summan av nedbdjningen for de olika lasttyperna.
Egentyngden for tra ar ganska lag, dvs lasttyp P utgor inte en sa stor del av lasten. Sno eller nyttig last pa
bjalklag som huvudlast ger lasttyp B som kortvarigaste last. Vind som huvudlast ger lasttyp C. Har réknas
som all last ar av typ B. Det vore konstigt om detta inte vore pa sédkra sidan. OK om vindlasten pa balken
skulle vara valdigt stor sa ar det mgjligt att det kan vara pa osakra sidan, men dven om en takbalk utsatts
for vindlast vore det konstigt om inte snolasten var farligare och da ar det pa sakra sidan att rakna med
100% lasttyp B. Sakrast vore att rakna med 100% lasttyp C, men det kanns for mycket pa sakra sidan.

For limtra finns hallfasthetsklasserna L30 och L40. | praktiken anvands enbart L40. Berakningarna gors
for L40. Skulle mot formodan en lagre hallfasthetsklass for limtrat anvandas an L40 ar denna berakning
pa sakra sidan.

Momentkapaciteten for stalbalken bestams av tvarsnittsklassen for bojande moment kring styv axel. For
stal S275 galler att HEA280 och HEA3OO tillhor tvarsnittsklass 2. Ovriga profiler (IPE, HEA och HEB)
tillhor tvarsnittsklass 1.

Vilken sakerhetsklass som valjs spelar ingen roll eftersom limtrabalken och stalbalken paverkas lika
mycket. Har valjs sékerhetsklass 2 eftersom denna sakerhetsklass borde vara vanligast.

En stalbalk har hogre egenvikt &n motsvarande limtrabalk och darfor behéver momentkapaciteten och

bojstyvheten vara hogre for stalbalken. Hur mycket hogre? Egentligen ar det omgjligt att saga eftersom
det beror pa hur balken anvands och har ar enbart tvarsnittet kant. Har forsoker jag anda beakta detta

genom att rakna sa har.

1. Berdkna momentkapaciteten och bojstyvheten for limtrabalken.

2. Valj den stalbalk som har narmast hogre varden an limtrabalken.

3. Dra bort limtrabalken och dess laster fran stalbalken. Det som aterstar av stalbalken ska kunna béara
den hdgre egenvikten. Rékna ut spannvidden L for en fritt upplagd balk belastad med den hogre
egenvikten. Om L &r kortare &n vad som kan anses vara praktiskt s& valjs en kraftigare balk. Tillaten
nedbdjning satts da till L/300.

Det &r inte sékert att den verkliga balken ar fritt upplagd. Det behover den heller inte vara. Den fritt

upplagda balken anvands bara for att kolla om det ar rimligt att stalbalken kan klara den hogre
egentyngden. Bortsett frAn egentyngden ar alla laster identiska for limtrabalken och stalbalken.
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Berakning gors for 13 lagerdimensioner av limtrabalkar.

2 [ | 4 1
- g-L 5-q-L
Moment och nedbgjning kollas med formlerna — = Mpq =—
8 384-El 300
. 6 3 9
Definitioner av enheter MPa = 10 Pa kN = 10°N GPa = 107Pa

Dimensionerande bojhallfasthet f,,4 och elasticitetsmodul Ey for limtrat

L40, béjning pa hogkant frk == 33MPa L40, fm, lasttyp B, klimatklass 0-2 K= 0.75
N ) K fmk
Limtra  yq, =115 Sakerhetsklass 2y, = 1.1 fnd = fing = 19.565MPa
Tm7n
L40, deformationsberakning  Ej := 13000MPa lasttyp B, klimatklass 0-1 «¢:= 0.8
Eq = xgEx Eq = 1.04x 1O4MPa

Dimensionerande héllfasthet f, 4 och elasticitetsmodul Egg for stélet

IPE, HEA, HEB Ym =10 Sakerhetsklass 2y, = 1.1
. fyk
S275, 0Omm < godstjocklek <=16mm fyk = 275MPa fyd_16 = fyd_16 = 250 MPa
Tm7n
. fyk
S275, 16mm < godstjocklek <= 40mm fyk = 265MPa fyd_40 = fyd_40 = 240.909 MPa
Tm7n
Egig := 210GPa
Limtrabalk 42x180
2 3
b:=42mm  h:=180mm W = bTh W = 2.268 x 105mm3 | = bl—g | = 2.041 x 107mm4
kp = |1.15 if h < 300mm kp =115 volymfaktor
0.2
600mm .
( j if 300mm < h < 600mm kN kN
1 otherwise m
2
MRd_tra == Wk fing MRd_tr4 = 5-103kN-m Elyg = Eql  Elyy = 212.285kN-m
Stalbalk (IPE)
IPE-100  t :=57mm g:= 8.1@ Iy = 1.71~106mm4 Wy = 34.2~103mm3 Zy = 39.4-103mm3
m
Zy .
Ny S 1152 nm:=min(n,125) n=1152  Mgqy:=n-Wyfy4 156 Mgq = 9.85kN:m

2 m kN
Elstal = Estar I Elgtg) = 359.1kN-m™ - dgp = 9-9.81— dgpg) = 0.079— da = Qg — Gtry
s

kN
dg=0042-—  dMgqi=Mpg-Mgq trs dMRg = 4747kKN'-m  dEl := Elgys) — Elyyy

dMp -8 3 -
dEI = 146.815kN-m> L: Rd L = 30.192m L= 384-dEl L = 9.663m
dq 300-5-dq
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Stalbalk (HEA)

k
HEA-100 t :=8mm  g:=167-2 I, :=3.492.10°mm? W, = 72810°mm°  Z, = 83.10°mm"
m
ZX .
e 1T 114 nmi=min(n,125) n =114 Mggi=n-Wyfyq 16 Mgg=20.75kN-m

2 m kN
Elstal = Estarlx  Elgtg) = 733.32kN-m™ dgpgy = 9-9.81— dgpg) = 0.164-— dq := gt~ Gtry
s

kN
dg=0126—  dMggi=Mgg-Mgq trs UMRq = 15.647kN-m dEI := Elgs| — Elyy
m j—
dMpq-8 3
Rd 384-dEI
dEl = 521.035kN-m” L = L=31516m L:= |——— L=10191lm
dg 300-5-dqg
Stélbalk (HEB)
k
HEB-100 t; = 10mm  g:=204-3 1, := 4.49510°mm® W, :=89.9.10°mm’>  Z, := 104-10°mm°
m
ZX .
e 1T 1157 m:=min(n,125) n=1157 Mg i=n-Wyfgq 16 Mgq = 26kN-m
2 m kN
Elstal = Estarlx  Elgtg) = 943.95kN-m™ dgpg) = 9-9.81— gy = 02— dq := Qg1 — Gtry

S

kN
dg=0162-—  dMgq:=Mpg—MRg yra MRy = 20897kKN'm dEI = Elgyg) — Elyyy

dMp4-8 3 .
dEl = 731.665kN-m2 L= Rd L =32.092m L= 384-aEI L = 10.489m
dg 300-5-dg

Limtrabalk 42x225

b-h?

b-h
b := 42mm h := 225mm W = e W = 3.544 x 105mm3 | .= ETE | = 3.987 x 1O7mm4
kp = [1.15 if h < 300mm kp =115 volymfaktor
0.2
(GOOmm) if 300mm < h < 600mm kN kN
1 otherwise m
2
MRd_tré =Wk fng MRd_tré = 7.973kN-m Elgy = Eg'| Elipy = 414.619kN-m

Stalbalk (IPE)

k
IPE-120 = 63mm g:=104-2 I :=3.17810°mm? W, =5310°mm>  Z, = 60.7-10°mm’
m
ZX .
e 1T 1145 m:=min(n,125) n=1145 Mgqi=n-Wyfyq 16 Mgq = 15.175kN-m

2 m kN
Elstal = Estarlx  Elgtg) = 667.38kN-m ™ dgp = 9-9.81— gty = 0.102— dq := gt~ Gtry
s

kN
dg=0055-—  dMgq:=Mpg—MRq yra  dMRg = 7202KN'm  dEI = Elgyg) — Elyyy

limtra_stal.mcd 3



Stefan_E 2008-11-26

dMRq-8 338z
Gl = 252.761kN-m? L o= | L-32a3m L= [S2% ) 0571m
dq 300-5-dq
Stélbalk (HEA)
HEA-100 t;:=8mm  g:= 16759 |, = 3.492.10°mm” W, = 72.8.10°mm°  Z, := 83-10°mm°
m
ZX .
N NS 114 n=min(n,125) n =114 Mgq:=n-Wyf4 15 Mgg=2075kN-m

2 m kN
Elstal = Estarlx  Elgtg) = 733.32kN-m™ - qgpg) == 0981 gy = 0.164— da = Qg — Gtry
S

kN
dg=0117-—  dMgy=Mpg-Mgq trs Mg = 12777kN-m  dEl = Elgy —Elyy

dMp -8 3 .
dEl = 318.701 kN-m2 L= Rd L =29.61m L= 384 GEI L = 8.878m
dg 300-5-dq

Stalbalk (HEB)

HEB-100 t :=10mm g:= 20.4E Iy = 4.495~106mm4 Wy = 89.9~103mm3 Zy = 104-103mm3
m
Zy

ni=go M=L187 s min(n,1.25) 7n =1157  Mgq:=n-Wyf4 15 Mpg = 26kN-m

N _

. 2 _ m kN _
Blsta == Estarlx ~ Elsta = 943.95kN-m— qgpg) = g-981— g = 02— da = Qg — Gtry
s
kN
dg=0153—  dMRq=Mpq-Mgq tr5 dMRq = 18.027kN-m  dEl := Elgs; — Ely
m —
dMp4-8 3 -
dEl = 529.331 kN-m2 L= Rd L =30.714m L= w L = 9.606 m
dg 300-5-dqg
Limtrabalk 56x225
2 3
b:=56mm  h:=225mm W = bTh W = 4,725 % 105mm3 | = bl—g | = 5.316 x 107mm4
kp = |1.15 if h < 300mm kp =115 volymfaktor
0.2
600mm .
( j if 300mm < h < 600mm kN kN
1 otherwise m
MRd tra = Wy g MRg grs = 10631KN-m  Elys = Eql  Elyg = 552.825kN-m’

Stalbalk (IPE)

k
IPE-120  t = 6.3mm  g:=104-2 1, :=317810°mm? W, = 5310°mm°>  Z, = 60.7.10°mm"
m
ZX .
N NS 1145 7 :=min(n,125) n=1145  Mgq:=n-Wyf4 15 Mgg=15175kN:m

2 m kN
Elstal = Estarlx  Elgtg) = 667.38kN-m ™ qgg) == 0981 = 0y = 0.102— da = Qg — Gtry
s
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kN
dg=0039-——  dMgq:=Mpg—MRq s MRy = 4544kKN'm  dEI = Elgyg) — Elyyy

dMp -8 3 -
dEl = 114.555kN-m2 L: Rd L =30.52m L = w L =9.092m
dg 300-5-dqg

Stalbalk (HEA)

k
HEA-120 t :=8mm  g:=199-2 I :=6.06210°mm? W, == 106.10°mm°  Z, = 119-10°mm°
m
ZX .
e 1T 1123 mi=min(n,125) n=1123 Mgqi=n-Wyfyq 16 Mgq = 29.75kN-m

3 2 m kN
Elgta) = EgtarIx Elgtg) = 1.273x 10"kN-m~  qg3) = g-9.81—2 s3] = 0.195? dqg := dg3) — Atra
S

kN
dg=0132-—  dMgqg:=Mpg—MRg yra  OMRg = 19119KN'm  dEl = Elgs —Elyy

dMp -8 3 -
dEl = 720.195kN-m2 L = Rd L =34.012m L = w L=11172m
dq 300-5-dqg

Stalbalk (HEB)

ki
HEB-100 t; == 10mm  g:=204-3 1, := 4.49510°mm® W, := 89.9.10°mm’>  Z, := 104-10°mm°
m
ZX .
e 1T 1157 m:=min(n,125) n=1157 Mg i=n-Wyfgq 16 Mgqg = 26kN-m
2 m kN
Elstal = Estarlx  Elgtg) = 943.95kN-m™  qgg) == 0981 — 0y = 02— dq := Qg1 — Gtry
S
kN
dg=0137—  dMgg:=Mgg-Mpq s dMRq = 15:369kN-m  dEI = Elgs; — Elyy
m —
dMR4-8 3
Rd 384-dEI
dEl = 30L125kN-m? L = L = 29.944m L= |——— L=9005m
dg 300-5-dg
Limtréabalk 56x270
2 3
b-h b-h
b:=5mm h:=270mm W= e W = 6.804 x 105mm3 | := ETE | =9.185x 1O7mm4
kp = [1.15 if h < 300mm kp =115 volymfaktor
0.2
(GOOmm) if 300mm < h < 600mm KN KN
1 otherwise m
2
MR tra = W-kh-fng MRq tra = 15:300kN-m  Elypg == gl Elyy = 955.282kN-m
Stalbalk (IPE)
ki
IPE-140  t¢ = 6.9mm  g:= 1200 1 = 5412.10°mm? W, = 77.3.10°mm®  Z, = 88.3.10°mm°
m
ZX .
e 1T 1142 m:=min(n,125) n=1142 Mgqi=n-Wyfyq 16 Mgq = 22075kN-m

3 2 m kN
Elstal = Estarlx  Elsgg = 1137 10 kN-m™  qgpg) = g-9.81= Ostal = 0'127? dg := dgeg) — ira
s
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kN
dg=0051-—  dMgqi=Mpg-—Mgq trs dMRg = 6.766kKN-m  dEl := Elgys) — Elyyy

dMp -8 3 .
dEl = 181.238 kN-m2 L= Rd L = 32.594m L= 384 GEI L = 9.693m
dg 300-5-dq

Stalbalk (HEA)

HEA-120 t;:=8mm  g:= 1099 l, = 6.062:10°mm” W, := 106-10°mm°  Z, := 119-10°mm°
m
ZX .
N NS 1123 n=min(n,125) n=1123 Mgq:=n-Wyf4 15 Mgg=29.75kN-m

3 2 m kN
Elgtal = Egtarlx  Elgga) = 1.273x 10 kN-m"  qgpz) = 9'9-81_2 Ostal = 0-195F dq = Agpa) — Gtra
S

kN
dg = 0.12-— dMRq = MRg—Mgq gra  dMpg = 14.441kN-m  dEI := Elgg) - Elyry
dMgq-8 3t

GEI = 317.738kN-m? L o= | L=31077m L= |22l g70am
dg 300-5-dq

Stélbalk (HEB)

HEB-120 t; = 11lmm g:= 26.7%9 I, = 8.644.10°mm” W, := 144.10°mm° 7, := 165:10°mm°
m

ZX .
N NS 1146 n=min(n,125) n=1146 Mg =n-Wyfyq 16 Mgy = 41.25kN-m

3 2 m kN
Elgtal = Egtarlx  Elgga) = 1.815x 10 kN-m™ Qg = 9'9-81_2 Ostal = O-ZGZF dq = Agpa) — Gtra

S
kN

dg = 0.186 — dMRq = MRd—MRd tra 9AMRq = 25.941kN-m dEl := Elg3) — Eliry
m -
dMpq-8 3r2ar
dEI = 859.958 kN-m2 L= Rd L = 33.373m L= w L = 10.572m
dg 300-5-dqg
Limtrabalk 66x315
2 3
b := 66mm h := 3156mm W = bTh W = 1.091 x 106mm3 | = bl—g | =1.719 x 108mm4
kp = |1.15 if h < 300mm kp = 1.138  volymfaktor
0.2
600mm .
( j if 300mm < h < 600mm kN kN
1 otherwise m
3 2
MRd_tra =Wy fng MRd_tra = 24.292kN-m Elgpy = Eg'| Eliry = 1.788x 10"kN-m

Stalbalk (IPE)

k
IPE-180 t:=8mm  g:=188-2 I, :=13.17.10°mm® W, := 146.10°mm°  Z, := 166-10°mm°
m
ZX .
N NS 1137 nm=min(n,125) n=1137  Mgqy:=n-Wyf4 156 Mgq = 4L5kN:m

3 2 m kN
Elgtal = Egtarlx  Elgga) = 2.766 x 10 kN-m™ Qg = 9'9-81_2 Ostal = 0-184F dq = Agpa) — Gtra
s
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kN
dg = 0.08— dMRq == MRg ~MRq trs  dMRg = 17.208kN-m  dEI = Elgyg) — Elyy
dMp-8 3
Rd 384-dEl
dEl = 977.864kN-m2 L := L =41.359m L= |—— L = 14.598m
dg 300-5-dqg

Stalbalk (HEA)

k
HEA-160 t:=9mm  g:=304-2 I :=167310°mm? W, = 22010%mm°  Z, = 245.10°mm°
m
ZX .
e 1T 1114 nm:=min(n,125) n=1114 Mgq:=n-W,fyq 16 Mgg = 6L25kN-m

3 2 m kN
Elgta) = EgtarIx Elgtg) = 3-513x 10"kN-m™ qgg) = g-9.81—2 s3] = 0.298? dqg := dg3) — Atra
S

kN
dg=0194-—  dMgg:=Mpg—MRg yra  dMRg = 36.958KN'm  dEI = Elgg —Elyy

dMp4-8 3 .
dEl = 1.725 x 1O3kN~m2 L= Rd L =39.011m L= 384-aEI L =13.15m
dg 300-5-dqg

Stalbalk (HEB)

k
HEB-140 t = 12mm  g:=337-2 I, :=1509-10°mm? W, = 216.10°mm°  Z,, = 245.10°mm°
m
ZX .
e 1T 1134 m:=min(n,125) n=1134  Mgg:=n-Wyfq 16 Mgqg = 61.25kN-m

3 2 m kN
Elstal = Estarlx  Elstg) = 3-169x 10°kN-m™  qgpg) = g98l— gy = 0'331? dg := dgeg) — ira
s

kN
dg=0227-—  dMgq:=Mpg—MRq yra  IMRg = 36.958KN'm  dEI = Elgg —Elyy

dMp4-8 3 .
dEl = 1.381 x 1O3kN~m2 L= Rd L = 36.118m L= 384-aEI L = 11.598m
dg 300-5-dg

Limtrabalk 90x225

b~h2 5 3 b~h3 7 4
b := 90mm h := 225mm W = e W = 7.594 x 10" mm | .= ETE | = 8543 x 10 mm
kp = [1.15 if h < 300mm kp =115 volymfaktor
0.2
(GOOmm) if 300mm < h < 600mm kN kN
1 otherwise m
2
MRd_tré =Wk fng MRd_tré = 17.086kN-m Elgy = Eg'| Elipy = 888.469kN-m

Stalbalk (IPE)

k
IPE-140 = 69mm g:=129-2 I, :=5412.10°mm? W, = 77.310°mm°  Z, = 883.10°mm’
m
ZX .
e 1T 1142 m:=min(n,125) n=1142 Mgqi=n-Wyfyq 16 Mgq = 22075kN-m

3 2 m kN
Elstal = Estarlx  Elsgg = 1137 10 kN-m™  qgpg) = g-9.81= Ostal = 0'127? dg := dgeg) — ira
s
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kN
dg=0025-—  dMgqi=Mpg-—Mgq trs dMRg = 4989kN-m  dEl := Elgys — Elyyy

dMp -8 3 -
dEI = 248.051kN-m> L: Rd L = 39.719m L= 384-dEl L = 13.59m
dq 300-5-dq

Stalbalk (HEA)

HEA-120 t;:=8mm  g:= 1099 l, = 6.062:10°mm” W, := 106-10°mm°  Z, := 119-10°mm°
m
ZX .
N NS 1123 n=min(n,125) n=1123 Mgq:=n-Wyf4 15 Mgg=29.75kN-m

3 2 m kN
E'stél = Estél"x E'stél =1.273x 10" kN-m Ogt3] = g-9.81—2 Qi3] = 0.195F dq := Ostal — Yira
S

kN
dg=0094-—  dMgyi=Mpg-Mgq trs dMRq = 12664kN-m  dEl := Elgy —Elyy

dMpq-8 3r3ar
dEl = 384.551 kN-m2 L:= Rd L = 32.835m L:= w L =10.156m
dg 300-5-dq

Stalbalk (HEB)

k
HEB-120 t = 11mm  g:=267-2 I, :=8.644-10°mm" W, := 144.10°mm°  Z, := 165:10°mm°
m
ZX .
N NS 1146 n=min(n,125) n=1146 Mg =n-Wyfyq 16 Mgy = 41.25kN-m

3 2 m kN
Elgtal = Egtarlx  Elgga) = 1.815x 10 kN-m™ Qg = 9'9-81_2 Ostal = O-ZGZF dq = Agpa) — Gtra

S
kN

dg = 0.161— dMRq = MRd—MRd tra AMRq = 24.164kN-m dEl := Elg3) — Eliry
m -
dMpq-8 3r2ar
dEl = 926.771 kN-m2 L= Rd L = 34.686m L= w L =11.387m
dg 300-5-dqg
Limtrabalk 90x270
2 3
b := 90mm h := 270mm W = bTh W = 1.093 x 106mm3 | = bl—g | = 1.476 x 108mm4
kp = |1.15 if h < 300mm kp =115 volymfaktor
0.2
600mm .
( j if 300mm < h < 600mm kN kN
1 otherwise m
3 2
MRd_tra =Wy fng MRd_tra = 24.604kN-m Elgpy = Eg'| Elgry = 1.535x 10"kN-m

Stalbalk (IPE)

k
IPE-160 t = 7.4mm  g:= 158-2 1, := 8.693-10°mm® W, := 109.10°mm°  Z, := 124-10°mm°
m
ZX .
N NS 1138 nm:=min(n,125) n =113  Mgq:=n-Wyf4 16 Mgq=3LkN:m

3 2 m kN
Elgtal = Egtarlx  Elgga) = 1.826 x 10 kN-m™  qgpz) = 9'9-81_2 Ostal = 0-155F dq = Agpa) — Gtra
s
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kN
dg=0033-—  dMgq:=Mpg—Mgg ya MRy = 6396KN'm  dEI = Elgyg) — Elyyy

dMp4-8 3 .
dEl = 290.256 kN-m2 L= Rd L = 39.084m L= 384-aEI L = 13.042m
dg 300-5-dqg

Stalbalk (HEA)

k
HEA-140 t = 85mm g:=247-2 I, :=10.3310°mm? W, == 155.10°mm°  Z, = 173.10°mm°
m
ZX .
e 1T 1116 m:=min(n,125) n=1116 Mgq:=n-Wyfyq 16 Mgq = 43.25kN-m

3 2 m kN
Elgta) = EgtarIx Elgtg) = 2.169x 10"kN-m™ qgg) = g-9.81—2 s3] = 0.242? dqg := dg3) — Atra
S

kN
dg=0121——  dMgqg:=Mpg—MRg ya MR = 18.646kKN'M  dEI = Elgs —Elyy

dMp4-8 3 .
dEl = 634.026 kN-m2 L= Rd L = 35.139m L= 384-aEI L =11.034m
dg 300-5-dqg

Stalbalk (HEB)

k
HEB-140 t = 12mm  g:=337-2 I, :=1509-10°mm? W, = 216.10°mm°  Z,, = 245.10°mm°
m
ZX .
e 1T 1134 m:=min(n,125) n=1134  Mgg:=n-Wyfq 16 Mgqg = 61.25kN-m

3 2 m kN
Elgta) = EgtarIx Elgtg) = 3.169x 10"kN-m~  qg3) = g-9.81—2 sl = 0.331? dqg := dgs) — Atra
S

kN
dg=0209-—  dMgq:=Mpg—MRg yra  dMRg = 36.646kKN'm  dEI = Elgyg —Elyy

dMp-8 3

Rd 384-dEl

dEl = 1.634 x 1O3kN~m2 L := L =37.444m L= |—— L =12599m
dg 300-5-dg

Limtrabalk 90x315

2 3

b-h b-h

b := 90mm h := 315mm W = e W = 1.488 x 106mm3 | .= ETE | = 2.344 x 108mm4

kp = [1.15 if h < 300mm kp = 1.138  volymfaktor

0.2
(GOOmm) if 300mm < h < 600mm KN KN
1 otherwise m
: f K : 3kN-m?
MRd_tra = Wk fing MR tra = 33.126kKN'm  Elgg:=Egl  Elyy = 2.438x 10°kN-m

Stalbalk (IPE)
k

IPE-180 tr:=8mm  g:=188-2 1, :=13.17.10°mm* W, := 146.10°mm°  Z, := 166-10°mm°
m

Zy .
e 1T 1187 m:=min(n,125) n=1137  Mggi=n-Wyfyq 16 Mgq = 4L5kN-m

3 2 m kN
Elstal = Estarlx  Elstg) = 2766 x 10 kN-m™  qgpg) = g-9.81= Ostal = 0'184? dg := dgeg) — ira
s

limtra_stal.mcd 9



Stefan_E 2008-11-26

kN
dg=0043-—  dMgqi=Mpg—Mgq trs dMRg = 8374kN-m  dEl := Elgys) — Elyyy

dMp -8 3 -
dEI = 327.742kN-m° L: Rd L = 39.62m L= 384-dEl L = 12.527m
dq 300-5-dq

Stalbalk (HEA)

HEA-160 t;:=9mm  g:= 30459 I, = 16.73-10°mm”" W, := 220-10°mm°  Z, := 245.10°mm°
m
ZX .
N NS 1114 n=min(n,125) n=1114 Mgq:=n-Wyf4 15 Mgg=6125kN-m

3 2 m kN
E'stél = Estél"x E'stél = 3.513x 10" kN-m Ogt3] = g-9.81—2 Qi3] = O.ZQSF dq := Ostal — Yira
S

kN
dg=0156-—  dMgyi=Mpg-Mgq trs dMRq = 28124kN'-m  dEl := Elgy —Elyy

dMp -8 3 .
dEl = 1.075 x 103kN~m2 L= Rd L =37.92m L= 384 GEI L =12.072m
dg 300-5-dq

Stalbalk (HEB)

HEB-160 t; :=13mm g:= 42659 I, = 24.92.10°mm” W, := 311-10°mm°  Z, := 354-10°mm°
m
ZX .
N NS 1138 n=min(n,125) n=1138  Mgq:=n-Wyf4 16 Mgq = 885kN:m

3 2 m kN
Elgtal = Egtarlx  Elgga) = 5:233x 10 kN-m™ Qg = 9'9-81_2 Ostal = 0-418F dq = Agpa) — Gtra
s

kN
dg=0276-—  dMgyi=Mpg-Mgq trs Mg = 55374kN'-m  dEl := Elgy — Elyy

dMpq-8 3r2ar
dEI = 2.795 x 103kN~m2 L= Rd L = 40.052m L= w L = 13.735m
dg 300-5-dqg
Limtrabalk 90x405
2 3
b := 90mm h := 405mm W = bTh W = 2.46 x 106mm3 | = bl—g | = 4,982 x 108mm4
kp = |1.15 if h < 300mm kp = 1.082  volymfaktor
0.2
600mm .
( j if 300mm < h < 600mm kN kN
1 otherwise m
3 2
MRd_tra =Wy fng MRd_tra = 52.075kN-m Elgpy = Eg'| Eliry = 5.182x 10"kN-m

Stalbalk (IPE)

k
IPE-220 t = 9.2mm g:=262-3 1, :=27.7210°mm® W, := 252.10°mm°  Z, := 285-10°mm°
m
ZX .
Ny S 1131 nm=min(n,125) n=1181  Mgq:=n-Wyf4 15 Mgg=T7125kN-m

3 2 m kN
Elgtal = Egtarlx  Elgga) = 5821 x 10°kN-m"  qgpz) = 9'9-81_2 Ostal = 0-257F dq = Agpa) — Gtra
s

limtra_stal.mcd 10



Stefan_E 2008-11-26

kN
dg=0075——  dMgq:=Mpg—MRq yra MRy = 1975KN'm dEI = Elgyg) — Elyyy

dMp4-8 3 .
dEl = 639.65kN-m2 L= Rd L =45.295m L= 384-aEI L =12.986m
dg 300-5-dqg

Stalbalk (HEA)

k
HEA200 t :=10mm g:=423-2 I, :=36.92.10°mm? W, == 389.10°mm°  Z, = 429.10°mm’
m
ZX .
e 1T 1103 m:=min(n,125) n=1103 Mgqi=n-Wyfyq 16 Mgq = 107.25kN-m

3 2 m kN
Elgta) = EgtarIx Elgtg) = 7.753x 10"kN-m™ qgg) = g-9.81—2 s3] = 0.415? dqg := dg3) — Atra
S

kN
dg = 0.233— dMRg = MRd—MRqd tri UMRq = 55.175kN-m  dEI := Elgs; — Elgyy
m —
dMp-8 3
Rd 384-dEl
dEl = 2,572 x 103kN~m2 L := L =43552m L= |—— L =14.143m
dg 300-5-dqg

Stalbalk (HEB)

k
HEB-180 t = 14mm  g:=512-2 I, :=38.31.10°mm? W, == 426.10°mm°  Z, = 481.10°mm°
m
ZX .
e 1T 1129 m:=min(n,125) n=1129  Mgg:=n-Wyfq 16 Mgq = 120.25kN-m

3 2 m kN
Elgta) = EgtarIx Elgtg) = 8.045x 10"kN-m~  qg3) = g-9.81—2 sl = 0.502? dqg := dgs) — Atra
S

kN
dg = 0.32— dMRg == Mrg~MRq trs  UMRq = 68.175kN-m  dEI := Elgg) — Elyy
m —
dMp-8 3
Rd 384-dEl
dEI = 2.864 x 103kN~m2 L := L =41.283m L= |—— L =13.182m
dg 300-5-dg
Limtrabalk 115x315
2 3
b-h b-h
b :=115mm h := 315mm W = e W = 1.902 x 106mm3 | .= ETE | = 2.995 x 108mm4
kp = [1.15 if h < 300mm kp = 1.138  volymfaktor
0.2
(GOOmm) if 300mm < h < 600mm KN KN
1 otherwise m
: f K : 3kN-m?
MRd_tra = W-kpfing MRrq_tra = 42327kKN-m  Elgy = Egl  Elgg = 3.115x 10°kN-m
Stalbalk (IPE)
k
IPE-200 tp o= 85mm g := 22.4—g IX = 19.43~106mm4 WX = 194~103mm3 ZX = 221-103mm3
m
Zy ,
e 1T 1139 m:=min(n,125) n=1139  Mgqi=n-Wyfyq 16 Mgq = 55.25kN-m

3 2 m kN
Elstal = Estar I Elstg) = 408x10°kN-m™  qgg) == 9981 — 0y = 0.22— dq := gt~ Gtry
s

limtra_stal.mcd 11



Stefan_E 2008-11-26

kN
dg=0039-—  dMgqi=Mpg-Mgq trs dMRg = 12923kN-m dEl := Elgys) — Elyyy

dMpq-8 3r3ar
dEl = 965.131 kN-m2 L:= Rd L =51.739m L:= w L = 18.564m
dg 300-5-dq

Stalbalk (HEA)

HEA-180 t; := 9.5mm g := 35,559 I, = 251.10°mm* W, = 204.10%mm° 7, := 325.10°mm°
m
ZX .
N NS 1105  n:=min(n,125) n=1105 Mgq:=n-Wyf4 15 Mgy =8L25kN-m

3 2 m kN
E'stél = Estél"x E'stél =5.271x 10" kN-m Ogt3] = g-9.81—2 Qi3] = 0'348F dq := Ostal — Yira
S

kN
dg=0167-—  dMgyi=Mpg-Mgq trs Mg = 38.923kN'-m  dEl := Elgy — Elyy

dMp -8 3 .
dEl = 2.156 x 103kN~m2 L= Rd L = 43.164m L= 384 GEI L =14.891m
dg 300-5-dq

Stalbalk (HEB)

HEB-160 t; :=13mm g:= 42659 I, = 24.92.10°mm” W, := 311-10°mm°  Z, := 354-10°mm°
m
ZX .
N NS 1138 n=min(n,125) n=1138  Mgq:=n-Wyf4 16 Mgq = 885kN:m

3 2 m kN
Elgtal = Egtarlx  Elgga) = 5:233x 10 kN-m™ Qg = 9'9-81_2 Ostal = 0-418F dq = Agpa) — Gtra
s

kN
dg=0237-—  dMRyi=Mpg-Mgq trs dMRq = 46473kN'-m  dEl := Elgy — Elyy

dMp4-8 3 .
dEl = 2.118 x 103kN~m2 L= Rd L = 39.497m L= w L = 13.181m
dg 300-5-dqg
Limtrabalk 115x405
2 3
b :=115mm h := 405mm W = bTh W = 3.144 x 106mm3 | = bl—g | = 6.366 x 108mm4
kp = |1.15 if h < 300mm kp = 1.082  volymfaktor
0.2
600mm .
( j if 300mm < h < 600mm kN kN
1 otherwise m
) ) 3 2
MRd_tra =Wy fng MRd_tra = 66.54kN-m Elgpy = Eg'| Eliry = 6.621x 10"kN-m

Stalbalk (IPE)

k
IPE-240  t = 9.8mm g:=30.7-2 1, :=38.92.10°mm® W, :=324.10°mm°  Z, := 367-10°mm°
m
ZX .
Ny S 1133 nm:=min(n,125) n =113  Mgq:=n-Wyf4 15 Mgg=9L75kN-m

3 2 m kN
Elgtal = Egtarlx  Elgga) = 8.173x 10 kN-m"~  qgpz) = 9'9-81_2 Ostal = 0-301F dq = Agpa) — Gtra
s

limtra_stal.mcd 12



Stefan_E 2008-11-26

kN
dg=0088-—  dMgqy:=Mpg—MRg ya dMRg = 252LKN'm  dEl:= Elg —Elyy

dMp -8 3 -
dEl = 1.552 x 103kN~m2 L = Rd L = 54.344m L = w L =17.987m
dq 300-5-dqg

Stalbalk (HEA)

k
HEA200 t :=10mm g:=423-2 I, :=36.92.10°mm? W, == 389.10°mm°  Z, = 429.10°mm’
m
ZX .
e 1T 1103 m:=min(n,125) n=1103 Mgqi=n-Wyfyq 16 Mgq = 107.25kN-m

3 2 m kN
Elgta) = EgtarIx Elgtg) = 7.753x 10"kN-m™ qgg) = g-9.81—2 s3] = 0.415? dqg := dg3) — Atra
S

kN
dg=0182-—  dMgqy:=Mpg—MRg ya  OMRg = 407LKN'm  dEl:= Elgy —Elyy

dMp4-8 3 .
dEl = 1.132 x 1O3kN~m2 L= Rd L =42292m L= 384-aEI L =11.676m
dg 300-5-dqg

Stalbalk (HEB)

k
HEB-180 t = 14mm  g:=512-2 I, :=38.31.10°mm? W, == 426.10°mm°  Z, = 481.10°mm°
m
ZX .
e 1T 1129 m:=min(n,125) n=1129  Mgg:=n-Wyfq 16 Mgq = 120.25kN-m

3 2 m kN
Elstal = Estarlx  Elsg = 8.045x 10 kN-m™  qgpg) = g98l— gy = 0'502? dg := dgeg) — ira
s

kN
dg=0269-—  dMgqg:=Mpg—MRg ya OMRg = S37IKN'm  dEl:= Elgy —Elyy

dMp-8 3
Rd 384-dEl
dEl = 1.424 x 1O3kN~m2 L := L =39.937m L= |—— L =11.061m

dq 300-5-dg
Limtrabalk 115x495

2 3

b-h b-h
b :=115mm h := 495mm W = e W = 4.696 x 106mm3 | .= ETE | =1.162 x 109mm4
kp = [1.15 if h < 300mm kp = 1.039  volymfaktor

0.2
(GOOmm) if 300mm < h < 600mm KN KN
1 otherwise m
: f K : A KN-m?
MRd_tra = Wk fing MR trs = 95488KN'm  Elgg:=Egl  Elyy = 1.209x 10 kN-m

Stalbalk (IPE)

k
IPE-300  t¢ = 10.7mm g := 422-3 1, := 8356.10°mm® W, := 557.10°mm° 7, := 628-10°mm°

m

Zy .

e 1T 1127 m:=min(n,125) n=1127  Mgqi=n-Wyfyq 16 Mgq = 157kN:m

4 2 m kN
Elgta) = EgtarIx Elgtg) = 1.755x 10 'kKN-m~  qg3) = g-9.81—2 sl = 0.414? dqg := dg3) — Atra
S

limtra_stal.mcd 13



Stefan_E 2008-11-26

kN
dg=0129-—  dMgy=Mpg-Mgq trs Mg = 61512kN-m  dEl := Elgy — Elyy

dMp -8 3 .
dEIl = 5.459 x 103kN~m2 L= Rd L = 61.678m L= 384 GEI L =22.107m
dg 300-5-dq

Stalbalk (HEA)

HEA-240 t :=12mm g:= 60.3% |, = 77.6310°mm” W, := 675:10°mm°  Z, := 745.10°mm°
m
ZX .
N NS 1104 n=min(n,125) n=1104 Mgq:=n-Wyf4 15 Mgg= 186.25kN-m

4 2 m kN
Elgtal = Egtarlx  Elgga = 1.63x 10 kN-m™  qgpz) = 9'9-81_2 Ostal = 0-592F dq = Agpa) — Gtra

S
kN
dg=0307-—  dMgyi=Mpg-Mgq trs Mg = 90.762kN-m  dEl := Elgy — Elyy

dMp -8 3 -
dEl = 4214x 10°kN-m> L == Rd L = 48.639m L= 384-dEl L = 15.204m
dq 300-5-dq

Stalbalk (HEB)

k
HEB-220 t; = 16mm  g:= 7L5-2 I, :=80.91-10°mm" W, := 736-10°mm°  Z, := 827-10°mm°
m
ZX .
N NS 1124 n=min(n,125) n=1124  Mgg=n-Wyfyq 16 Mg = 206.75kN-m

4 2 m kN
Elgtal = Egtarlx  Elgga) = 1.699x 10 kN-m™  qgpz) = 9'9-81_2 Ostal = 0-701F dq = Agpa) — Gtra

S
kN
dg=0417-—  dMgy=Mpg-Mgq trs dMRq = 111.262kN-m  dEl := Elgy — Elyy

dMp -8 3 .
dEl = 4.903 x 103kN~m2 L= Rd L = 46.212m L= 384 dEI L =14.441m
dg 300-5-dqg

Limtrabalk 115x630

b-h?

b :=115mm h := 630mm W = e W = 7.607 x 106mm3 | = bl—g | = 2.396 x 109mm4
kp = |1.15 if h < 300mm kp=1 volymfaktor
0.2
600mm .
( j if 300mm < h < 600mm kN kN
Uiy = 5—3~b-h irg = O.BGZF

1 otherwise m

MRd tra = W-knfng MRq tra = 148.838kN-m Elypg = Eg-l  Elgy = 2492 x 1O4kN-m2

Stalbalk (IPE)

k
IPE-360 t = 12.7mm g:=57.1-0 1, :=162.7-10°mm" W, := 904-10°mm°  Z, := 1020-10°mm°
m
ZX .
N NS 1128 nm:=min(n,125) n=1128  Mgq:=n-Wyf4 16 Mgq = 255kN-m

4 2 m kN
Elgtal = Egtarlx  Elgga) = 3417 x 10 kN-m™~ Qg = 9'9-81_2 Ostal = 0-56F dq = Agpa) — Gtra
s

limtra_stal.mcd 14
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kN
dg=0198-—  dMgqg:=Mpg—MRg yra MR = 106.162kN-m  dEI = Elgys) —Elyy

dMp4-8 3 .
dEl = 9.246 x 1O3kN~m2 L= Rd L = 6551m L= 384-aEI L =22.869m
dq 300-5-dqg

Stalbalk (HEA)

4 3 3

ki
HEA-280 t; :=13mm g := 76439 Iy = 136.7~106mm W, = 1010~103mm Zy = 1110-103mm
m
Tvarsnittsklass 2 n=1 MRq = n'Wx'fyd_le MRq = 252.5kN-m

4 2 m kN
Elgta) = Eqtarlx  Elgta) = 2.871x 10 kN-m sta] = g-9.81—2 s3] = 0.749? dqg := dg3) — Atra
S

kN
dg=0387-——  dMgq:=Mpg—MRg yra MRy = 103.662kN'm dEI = Elgg) — Elgpy

dMp4-8 3 .
dEl = 3.786 x 1O3kN~m2 L= Rd L =46.277m L= 384-aEI L = 13.577m
dg 300-5-dqg

Stalbalk (HEB)

k
HEB-260 t :=175mm g:=93-2 I :=149.2.10°mm? W, = 1150.10°mm®  Z, = 1280.10°mm°
m
ZX .
e 1T 1113 mi=min(n,125) n=1113  Mgg:=n-Wyfg 40 Mgy = 308.364kN-m

4 2 m kN
Elgta) = Egtarlx  Elgtg) = 3-133x 10 kKN-m™  qgg) = g-9.81—2 sl = 0.912? dqg := dgs) — Atra
S

kN

dg = 0.55— dMRg = MRd—MRqd tri IMRq = 159.526kN-m  dEI := Elgs; — Elgyy
m —
dMp-8 3
Rd 384-dEl
dEl = 6.411 x 103kN~m2 L := L =48.167m L= |—— L = 14.396m
dg 300-5-dg
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