
Background calculations for the article "Modified use of the Component Method to get more
realistic force distribution in joints of steel structures"

Material properties:

Steel:

2
mm

N
360fu 2

mm

N
235fy 2

mm

N
210000ES235

1
fy

2
mm

N
235

ε

Bolt:

2
mm

N
640fyb 2

mm

N
800fubM 20 8.8

2
mm314A

2
mm245Asmm20d mm22do mm32,4dm

Factors: 1γm0 1γm1 1,25γm2

Geometrical datas: Beam mm450hb mm21rb

IPE 450 3
cm1701,79Wplmm190bb

mm9,4twb

mm14,6tfb

Column mm450hc mm21rc

IPE 450 2
cm98,82Acmm190bc

mm9,4twc

mm14,6tfc

2
mm4230twchcAwp

mm378,8rctfc2hcdwc

Thickness of the end plate: mm20tp

Bolt distances: mm488h1

mm388h2
mm70p23

mm318h3

mm218h4

mm56,35
2
mm19

mm3tptfcmm3
2
mm12,5LbElongation length of bolts:
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Punching shear test:

kN351,778
γm2

futpdmπ0,6
BpRd kN141,12

γm2

fubAs
0,9FtzRd

__

kN256,7979
γm2

futfcdmπ0,6
BpRd kN141,12

γm2

fubAs
0,9FtzRd

__

Passed! Punching shear failure is not relevant

Defining the effective length values

Side of the column

mm45e

mm28,5rc0,8
2

twcmm100
mc

1st bolt row

mm35ec mm43,47452mm40,8mm35mm83mxc

5,9871min

8

max 0,67

mxc

mc
mc

e
1,674

mc

e
1,254

α

mm120,506min

ece0,625mc2mcα

mcα

ec2mcπ

mcπ2

L1eff1c

mm120,506min
ece0,625mc2mcα

mcα
L1eff2c
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2nd bolt row

mm39,17452mm40,8
2
mm8

2

tfb
mm80mm135m2

6,1307min

8

max 0,67

m2

mc
mc

e
1,674

mc

e
1,254

α

mm124,599min

e0,625mc2mcαp230,5

p23mcπ

mcα

mcπ2

L2eff1c

mm124,599min
e0,625mc2mcαp230,5

mcα
L2eff2c

mm

124,5993
159,5354
174,7243
179,0708

e0,625mc2mcαp230,5

p23mcπ

mcα

mcπ2

3rd bolt row

mm41,47452mm40,8mm46m2

6,0508min

8

max 0,67

m2

mc
mc

e
1,674

mc

e
1,254

α

mm122,322min

e0,625mc2mcαp230,5

p23mcπ

mcα

mcπ2

L3eff1c

mm122,322min
e0,625mc2mcαp230,5

mcα
L3eff2c

mm

122,3219
159,5354
172,4469
179,0708

e0,625mc2mcαp230,5

p23mcπ

mcα

mcπ2

Note: Bolt row 2 and 3 are checked as a group too. Non-circular group failure is the relevant.
It defines the Leff value.
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4th bolt row

mm41,47452mm40,8mm46m2

6,0508min

8

max 0,67

m2

mc
mc

e
1,674

mc

e
1,254

α

mm172,447min
mcα

mcπ2
L4eff1c

mm172,447mcαL4eff2c

Side of the end plate (beam)

mm45e

mm40,77452mm40,8
2

twbmm100
mb

1st bolt row (Outside the top flange)

mm35ex mm190bp mm100w mm37,08042mm70,8mm35mm80mxb

mm95min

ex0,625mxb2w0,5

bp0,5

ex0,625mxb2e

ex1,25mxb4

e2mxbπ

wmxbπ

mxbπ2

L1eff1b

mm95min

ex0,625mxb2w0,5

bp0,5

ex0,625mxb2e

ex1,25mxb4

L1eff2b
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2nd bolt row

mm32,482mm70,8tfbmm80mm135m2

6,1464min

8

max 0,67

m2

mb
mb

e
1,674

mb

e
1,254

α

mm175,943min

e0,625mb2mbαp230,5

p23mbπ

mbα

mbπ2

L2eff1b

mm175,943min
e0,625mb2mbαp230,5

mbα
L2eff2b

mm

175,9432
198,0969
250,6172
256,1938

e0,625mb2mbαp230,5

p23mbπ

mbα

mbπ2

3rd bolt row

mm41,4752mm40,8mm46m2

5,8222min

8

max 0,67

m2

mb
mb

e
1,674

mb

e
1,254

α

mm162,722min

e0,625mb2mbαp230,5

p23mbπ

mbα

mbπ2

L3eff1b

mm162,722min
e0,625mb2mbαp230,5

mbα
L3eff2b

mm

162,7218
198,0969
237,3959
256,1938

e0,625mb2mbαp230,5

p23mbπ

mbα

mbπ2

Note: Bolt row 2 and 3 are checked as a group too. Non-circular group failure is the relevant.
It defines the Leff value.
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4th bolt row

mm41,4752mm40,8mm46m2

5,8222min

8

max 0,67

m2

mb
mb

e
1,674

mb

e
1,254

α

mm237,396min
mbα

mbπ2
L4eff1b

mm237,396mbαL4eff2b

Defining the tension resistance of each bolt rows. (considering the following components:
bolt in tension, end plate in bending, column flange in bending, column web in tension, beam
flange/web in tension)

1st bolt row

mm133,0805
3

tfcL1eff1c

As
3

mc8,8
mm144,6334

3
tpL1eff1b

As
3

mxb8,8
__ mm56,35Lb __

Prying force can be
taken into account!

mkN2,232
γm0

fy
2

tpL1eff1b0,25
MPl1Rd_bmkN1,509

γm0

fy
2

tfcL1eff1c0,25
MPl1Rd_c

mkN1,509
γm0

fy
2

tfcL1eff2c0,25
MPl2Rd_c mkN2,232

γm0

fy
2

tpL1eff2b0,25
MPl2Rd_b

0,956
2

Awp

twcL1eff1c
1,31

1ω kN282,242
γm2

Asfub0,9
FtRdSum

mm35,625min mc1,25
e

nc mm35min
mxb1,25

ex
nxb
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Strength components Stiffness components

Column flange under bending

mm14,581
3

mc

3
tfcL1eff1c0,9

ktfc_1kN211,8064
mc

MPl1Rd_c4

kN203,8681
ncmc

FtRdSumncMPl2Rd_c2
m
kN6

103,0619Ektfc_1

End plate under bending

mm13,416
3

mxb

3
tpL1eff1b0,9

ktep_1kN240,828
mxb

MPl1Rd_b4

kN198,9917
nxbmxb

FtRdSumnxbMPl2Rd_b2

m
kN6

102,8174Ektep_1

Bolt

mm6,957
Lb

As
1,6kt_1kN282,24FtRdSum

m
kN6

101,4609Ekt_1

Column web under tension

kN254,5957
γm0

fytwcL1eff1cω
mm2,0933

dwc

twcL1eff1c0,7
ktwc_1

m
kN5

104,3959Ektwc_1

Beam flange under tension

kN325,945
γm0

fytfbL1eff1b Stiffness of the component
is infinite.

Overall strength Stiffness of the bolt row

kN198,992min

γm0

fytwbL1eff1b

γm0

fytwcL1eff1cω

FtRdSum

nxbmxb

FtRdSumnxbMPl2Rd_b2

mxb

MPl1Rd_b4

ncmc

FtRdSumncMPl2Rd_c2

mc

MPl1Rd_c4

FTRd_1

mm1,308

ktwc_1

1
kt_1

1
ktep_1

1
ktfc_1

1
1keff1

m
kN5

102,7466Ekeff1S1
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2nd bolt row

mm128,7091
3

tfcL2eff1c

As
3

mc8,8
mm103,8372

3
tpL2eff1b

As
3

mb8,8
__ mm56,35Lb __

Prying force can be
taken into account!

mkN4,135
γm0

fy
2

tpL2eff1b0,25
MPl1Rd_bmkN1,56

γm0

fy
2

tfcL2eff1c0,25
MPl1Rd_c

mkN1,56
γm0

fy
2

tfcL2eff2c0,25
MPl2Rd_c mkN4,135

γm0

fy
2

tpL2eff2b0,25
MPl2Rd_b

kN282,242
γm2

Asfub0,9
FtRdSum0,954

2

Awp

twcL2eff1c
1,31

1ω

mm35,625min mc1,25
e

nc mm45min mb1,25
e

nb

Strength components Stiffness components

Column flange under bending

mm15,076
3

mc

3
tfcL2eff1c0,9

ktfc_2kN219,0001
mc

MPl1Rd_c4

kN205,4667
ncmc

FtRdSumncMPl2Rd_c2
m
kN6

103,1659Ektfc_2

End plate under bending

mm18,687
3

mb

3
tpL2eff1b0,9

ktep_2kN405,6127
mb

MPl1Rd_b4

kN244,4797
nbmb

FtRdSumnbMPl2Rd_b2
m
kN6

103,9243Ektep_2

Bolt failure

mm6,957
Lb

As
1,6kt_2kN282,24FtRdSum

m
kN6

101,4609Ekt_2
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Column web under tension

kN262,4707
γm0

fytwcL2eff1cω
mm2,1644

dwc

twcL2eff1c0,7
ktwc_2

m
kN5

104,5452Ektwc_2

Beam flange under tension

kN388,6585
γm0

fytwbL2eff1b Stiffness of the component
is infinite.

Overall strength Stiffness of the bolt row

kN205,467min

γm0

fytwbL2eff1b

γm0

fytwcL2eff1cω

FtRdSum

nbmb

FtRdSumnbMPl2Rd_b2

mb

MPl1Rd_b4

ncmc

FtRdSumncMPl2Rd_c2

mc

MPl1Rd_c4

FTRd_2

mm1,378

ktwc_2

1
kt_2

1
ktep_2

1
ktfc_2

1
1keff2

m
kN5

102,8941Ekeff2S2

3rd bolt row

mm131,1054
3

tfcL3eff1c

As
3

mc8,8
mm112,274

3
tpL3eff1b

As
3

mb8,8
__ mm56,35Lb __

Prying force can be
taken into account!

mkN3,824
γm0

fy
2

tpL3eff1b0,25
MPl1Rd_bmkN1,532

γm0

fy
2

tfcL3eff1c0,25
MPl1Rd_c

mkN1,532
γm0

fy
2

tfcL3eff2c0,25
MPl2Rd_c mkN3,824

γm0

fy
2

tpL3eff2b0,25
MPl2Rd_b

0,955
2

Awp

twcL3eff1c
1,31

1ω
kN282,242

γm2

Asfub0,9
FtRdSum
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mm35,625min mc1,25
e

nc mm45min mb1,25
e

nb

Strength components Stiffness components

Column flange under bending

mm14,8
3

mc

3
tfcL3eff1c0,9

ktfc_3kN214,9973
mc

MPl1Rd_c4

kN204,5772
ncmc

FtRdSumncMPl2Rd_c2
m
kN6

103,1081Ektfc_3

End plate under bending

mm17,283
3

mb

3
tpL3eff1b0,9

ktep_3kN375,1327
mb

MPl1Rd_b4

kN237,2351
nbmb

FtRdSumnbMPl2Rd_b2

m
kN6

103,6294Ektep_3

Bolt failure

mm6,957
Lb

As
1,6kt_3kN282,24FtRdSum

m
kN6

101,4609Ekt_3

Column web under tension

kN258,0973
γm0

fytwcL3eff1cω
mm2,1248

dwc

twcL3eff1c0,7
ktwc_3

m
kN5

104,4621Ektwc_3

Beam web under tension

kN359,4525
γm0

fytwbL3eff1b Stiffness of the component
is infinite.
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Overall strength Stiffness of the bolt row

kN204,577min

γm0

fytwbL3eff1b

γm0

fytwcL3eff1cω

FtRdSum

nbmb

FtRdSumnbMPl2Rd_b2

mb

MPl1Rd_b4

ncmc

FtRdSumncMPl2Rd_c2

mc

MPl1Rd_c4

FTRd_3

mm1,352

ktwc_3

1
kt_3

1
ktep_3

1
ktfc_3

1
1keff3

m
kN5

102,8386Ekeff3S3

4th bolt row

mm92,9971
3

tfcL4eff1c

As
3

mc8,8
mm76,9577

3
tpL4eff1b

As
3

mb8,8
__ mm56,35Lb __

Prying force can be
taken into account!

mkN5,579
γm0

fy
2

tpL4eff1b0,25
MPl1Rd_bmkN2,16

γm0

fy
2

tfcL4eff1c0,25
MPl1Rd_c

mkN2,16
γm0

fy
2

tfcL4eff2c0,25
MPl2Rd_c mkN5,579

γm0

fy
2

tpL4eff2b0,25
MPl2Rd_b

0,916
2

Awp

twcL4eff1c
1,31

1ω
kN282,242

γm2

Asfub0,9
FtRdSum

mm35,625min mc1,25
e

nc mm45min mb1,25
e

nb
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Strength components Stiffness components

Column flange under bending

kN303,0987
mc

MPl1Rd_c4

mm20,865
3

mc

3
tfcL4eff1c0,9

ktfc_4

kN224,1553
ncmc

FtRdSumncMPl2Rd_c2

m
kN6

104,3817Ektfc_4

End plate under bending

mm25,214
3

mb

3
tpL4eff1b0,9

ktep_4kN547,2833
mb

MPl1Rd_b4

kN278,1526
nbmb

FtRdSumnbMPl2Rd_b2
m
kN6

105,2949Ektep_4

Bolt

mm6,957
Lb

As
1,6kt_4kN282,24FtRdSum

m
kN6

101,4609Ekt_4

Column web under tension

kN349,0693
γm0

fytwcL4eff1cω
mm2,9955

dwc

twcL4eff1c0,7
ktwc_4

m
kN5

106,2906Ektwc_4

Beam flange under tension

kN524,4075
γm0

fytwbL4eff1b Stiffness of the component
is infinite.

Overall strength Stiffness of the bolt row

kN224,155min

γm0

fytwbL4eff1b

γm0

fytwcL4eff1cω

FtRdSum

nbmb

FtRdSumnbMPl2Rd_b2

mb

MPl1Rd_b4

ncmc

FtRdSumncMPl2Rd_c2

mc

MPl1Rd_c4

FTRd_4

mm1,769

ktwc_4

1
kt_4

1
ktep_4

1
ktfc_4

1
1keff4

m
kN5

103,7157Ekeff4S4
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Equivalent arm of forces

mm371,99
h4keff4h3keff3h2keff2h1keff1

2
h4keff4

2
h3keff3

2
h2keff2

2
h1keff1

zeq

Common stiffness of the tension part

mm5,346
zeq

h4keff4h3keff3h2keff2h1keff1
keq

m
kN6

101,1226EkeqSeq

Shear resistance of the column web

1,2η

60
η

fy

2
mm

N
235

7244,766
twc

tfc2hc __

kN516,524
γm03

Awpfy0,9
VwpRd

Additional resistance generated by the bending failure of the flanges and the stiffners.

mm8tst mm180bst

mm435ds mm388hr

mkN2,379
γm04

fy
2

tfcbc
Mpl_fc_Rd mkN0,677

γm04

fy
2

tstbst
Mpl_st_Rd

kN28,019
hr

Mpl_st_Rd2

hr

Mpl_fc_Rd4
VwpaddRd

kN544,5421VwpaddRdγm03

Awpfy0,9
VwpRd

Stiffness component

1β mm371,9896zeq

mm4,3211
zeqβ

Awp0,38
kwp

m
kN5

109,0743EkwpSshear
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Compression resistance of the column web (with stiffener)

mm90hst mm8tst mm21rcs mm20sp1 mm0sp2

mm7ap mm20sp2sp1sp

mm232,399spstfc5ap22tfbbeff_c_wc

2
cm36,2462tsthsttwcbeff_c_wcAeff

2
mm

N
0σcomEd 0,862

2

Awp

twcbeff_c_wc
1,31

1ω

1if

else
1

fy

σcomEd
1,7

fy0,7σcomEdkwc

Buckling check of the stiffner:

4
cm454,502

2

2

hst
2

twc
tsthst12

3
hsttst

2
12

3
twcbeff_c_wc

I

mm35,411
Aeff

I
i

8,023
i

dwc0,75
λ 93,913

fy

E
πλ1

0,085
λ1

λ
λrel

0,49α

0,468
2

2
λrel0,2λrelα1

φ

1min

1

2
λrel

2
φφ

1

χ

kN733,977min

γm1

fyAeffχkwcω

γm0

fyAeffkwcω

FcwcRd

Stiffness of the component is infinite because of the stiffner applied.
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Compression resistance of the flange of the beam

mkN399,921
γm0

fyWpl
McRd

kN918,513
tfbhb

McRd
Fc_fc_Rd

Stiffness of the component is infinite.

Resistance of relevant components:

tension part overall tension resistance

kN

544,5421
918,5132
733,9768
833,1908

VwpRd

Fc_fc_Rd

FcwcRd

FTRd_4FTRd_3FTRd_2FTRd_1

compression resistance of the web of the column

compression resistance of the flange of the beam

shear resistance of the web of the column

Defining the actual tension forces in the bolt rows at the failure state.

deg0,00005Δα

while

FT_4_modFT_3_modFT_2_modFT_1_mod

h4FT_4_modh3FT_3_modh2FT_2_modh1FT_1_mod
zeqm

min
FTRd_4

tan αh4Ekeff4
FT_4_mod

min
FTRd_3

tan αh3Ekeff3
FT_3_mod

min
FTRd_2

tan αh2Ekeff2
FT_2_mod

min
FTRd_1

tan αh1Ekeff1
FT_1_mod

Δααα
1mm

min

VwpRd

Fc_fc_Rd

FcwcRd

FTRd_4FTRd_3FTRd_2FTRd_1

FT_4_modFT_3_modFT_2_modFT_1_mod

kN0FT_4_mod

kN0FT_3_mod

kN0FT_2_mod

kN0FT_1_mod

0m
deg0α

1495m deg0,0748α rad0,0013α mm371,9896zeqm
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Original tension
resistances:

Modified tension
values:

kN174,7461min
FTRd_1

tan Δααh1Ekeff1
FTRd_1_modkN198,9917FTRd_1

kN146,3991min
FTRd_2

tan Δααh2Ekeff2
FTRd_2_modkN205,4667FTRd_2

kN117,6863min
FTRd_3

tan Δααh3Ekeff3
FTRd_3_modkN204,5772FTRd_3

kN105,6075min
FTRd_4

tan Δααh4Ekeff4
FTRd_4_modkN224,1553FTRd_4

kN544,439FTRd_4_modFTRd_3_modFTRd_2_modFTRd_1_mod

mkN202,5256h4FTRd_4_modh3FTRd_3_modh2FTRd_2_modh1FTRd_1_modMJRd

Initial stiffness of the joint.

rad
mkN

69437,601

keq

1
kwp

1

2
zeqmE

Sjini
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