POS. 110: BSP. 2 - KREUZUNGSPUNKT

gusset plate connection EC 3-1-8 (12.10), NA: Deutschland 4H-EC3FK version: 2/2019-2e
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Detail M4 | 40| 40 |
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steel grade
steel grade S235
connection
gusset plate: thickness tp = 18.0 mm
Xp Yp
mm mm
4 100.0 235.0
3 300.0 235.0
2 400.0 0.0
1 0.0 0.0
bolts

group M1 (load in-transfer): load point xm = 264.3 mm, ym = 192.1 mm, twisting angle am = 50.00°
2 bolts at a distance of 50.0 mm, load point centric
joining section (double-sided connection)
section UPES8O
distance ref. to load point bm1 = 40.0 mm, bmz2 = 40.0 mm, Abm = 0.0 mm, Alm = 50.0 mm
bolts
bolt class 8.8, bolt size M16, normal wrench size
shear plane passes through the unthreaded portion of the bolt
group M2 (load in-transfer): load point xm = 135.7 mm, ym = 192.1 mm, twisting angle am = 130.00°
2 bolts at a distance of 50.0 mm, load point centric
joining section (double-sided connection)
section UPES8O
distance ref. to load point bm1 = 40.0 mm, bmz2 = 40.0 mm, Abm = 0.0 mm, Alm = 50.0 mm
bolts
bolt class 8.8, bolt size M16, normal wrench size
shear plane passes through the unthreaded portion of the bolt
group M3 (load in-transfer): load point xm = 78.8 mm, ym = 45.5 mm, twisting angle am = -150.00°
3 bolts auf einer length von 70.0 mm gleichméBig verteilt, load point centric
joining section (double-sided connection)
section parameters (flat steel):
height h = 80.0 mm, thicknesst=8.0 mm
distance ref. to load point bm1 = 40.0 mm, bmz2 = 40.0 mm, Abm = 0.0 mm, Alm =60.0 mm
bolts
bolt class 8.8, bolt size M12, normal wrench size
shear plane passes through the unthreaded portion of the bolt
group M4 (load in-transfer): load point xm = 321.2 mm, ym = 45.5 mm, twisting angle am = -30.00°
3 bolts auf einer length von 70.0 mm gleichméBig verteilt, load point centric
joining section (double-sided connection)
section parameters (flat steel):
height h = 80.0 mm, thicknesst=8.0 mm
distance ref. to load point bm1 = 40.0 mm, bmz2 = 40.0 mm, Abm = 0.0 mm, Alm =60.0 mm
bolts
bolt class 8.8, bolt size M12, normal wrench size
shear plane passes through the unthreaded portion of the bolt
calculation
calculation of internal forces and moments with FE-method
elastic verification of gusset plate
verification of bolts, check of distances
plastic verification of joining sections
internal forces and moments

Lk Fx,ed LPkt.
NEd
kN
1 65.00 M1
65.00 M2
99.58 M3
99.58 M4

Fx Ed,FyEd,MzEd: design loads ass. to load point; LPkt.: load point M=bolt group or L=welds regarded to beam
NEd,VyEd,MzEd: design member forces of joining sections ass. to load point

partial safety factors for material
resistance of cross-sections ymo = 1.00
resistance of bolts, welds, plates in bearing ym2 = 1.25

notes
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plate bending due to excentric loading is not respected.
buckling is not inspected neither at gusset plate nor at joining sections.

distances between bolts at joining section (group 1)
x-direction: e1=25.0mm > 1.2:do=21.6 mm,
x-direction: p1=50.0 mm > 2.2:do = 39.6 mm,

e1=25.0mm <41+ 40 mm =56.0 mm
p1=50.0 mm < min(14+4, 200 mm) = 56.0 mm

minimum distance of bolts on gusset plate (group 1)

bolt1: e1=62.0mm>1.2do=21.6 mm, e1=620mm<4t+40 mm=112.0 mm
bolt 1: p1=50.0 mm >2.2:do =39.6 mm, p1=50.0 mm < min(14, 200 mm) =200.0 mm
bolt2: e1=23.7mm>12do=21.6 mm, e1=237mm<4t+40 mm=112.0 mm
bolt 2. p1=50.0 mm >2.2:do=39.6 mm, p1=50.0 mm < min(14, 200 mm) =200.0 mm

distances between bolts at joining section (group 2)
x-direction: e1=25.0mm > 1.2:do=21.6 mm,
x-direction: p1=50.0 mm > 2.2:do = 39.6 mm,

e1=25.0mm <41+ 40 mm =56.0 mm
p1=50.0 mm < min(14+4, 200 mm) = 56.0 mm

minimum distance of bolts on gusset plate (group 2)

bolt1: e1=62.0mm>1.2do=21.6 mm, e1=620mm<4t+40 mm=112.0 mm
bolt 1: p1=50.0 mm >2.2:do =39.6 mm, p1=50.0 mm < min(14, 200 mm) =200.0 mm
bolt2: e1=23.7mm>12do=21.6 mm, e1=237mm<4t+40 mm=112.0 mm
bolt 2. p1=50.0 mm >2.2:do=39.6 mm, p1=50.0 mm < min(14, 200 mm) =200.0 mm

distances between bolts at joining section (group 3)
x-direction: e1=25.0mm > 1.2:do=15.6 mm,
x-direction: p1=35.0 mm > 2.2.do = 28.6 mm,
y-direction: e1=25.0 mm > 1.2.do = 15.6 mm,

e1=25.0mm<4t+40 mm=72.0 mm
p1=35.0 mm < min(144, 200 mm) = 112.0 mm
e1=25.0mm<4t+40 mm=72.0 mm

minimum distance of bolts on gusset plate (group 3)

bolt1: e1=63.0mm>1.2do=15.6 mm, e1=63.0mm<4t+40 mm=112.0 mm

bolt 1: p1=35.0mm>2.2:do=28.6 mm, p1=35.0 mm < min(14, 200 mm) =200.0 mm
bolt2: e1=455mm>1.2do=15.6 mm, e1=455mm<4t+40 mm=112.0 mm

bolt 2. p1=35.0mm>2.2:do=28.6 mm, p1=35.0 mm < min(14, 200 mm) =200.0 mm
bolt3: e1=28.0mm>12do=15.6 mm, e1=280mm<4t+40 mm=112.0 mm

bolt 3: p1=35.0mm>2.2:do=28.6 mm, p1=35.0 mm < min(14, 200 mm) =200.0 mm

distances between bolts at joining section (group 4)
x-direction: e1=25.0mm > 1.2:do=15.6 mm,
x-direction: p1=35.0 mm > 2.2.do = 28.6 mm,
y-direction: e1=25.0 mm > 1.2.do = 15.6 mm,

e1=25.0mm<4t+40 mm=72.0 mm
p1=35.0 mm < min(144, 200 mm) = 112.0 mm
e1=25.0mm<4t+40 mm=72.0 mm

minimum distance of bolts on gusset plate (group 4)

bolt1: e1=63.0mm>1.2do=15.6 mm, e1=63.0mm<4t+40 mm=112.0 mm

bolt 1: p1=35.0mm>2.2:do=28.6 mm, p1=35.0 mm < min(14, 200 mm) =200.0 mm
bolt2: e1=455mm>1.2do=15.6 mm, e1=455mm<4t+40 mm=112.0 mm

bolt 2. p1=35.0mm>2.2:do=28.6 mm, p1=35.0 mm < min(14, 200 mm) =200.0 mm
bolt3: e1=28.0mm>12do=15.6 mm, e1=280mm<4t+40 mm=112.0 mm

bolt 3: p1=35.0mm>2.2:do=28.6 mm, p1=35.0 mm < min(14, 200 mm) =200.0 mm

2. load distribution

load combination 1:

bolts:

group M1

bolt 1: X =248.2 mm y=173.0 mm Fx =20.89 kN Fy =24.90 kN
bolt 2: X =280.3 mm y=211.3 mm Fx =20.89 kN Fy =24.90 kN
group M2

bolt 1: x=151.8 mm y=173.0 mm Fx =-20.89 kN Fy =24.90 kN
bolt 2: x=119.7 mm y=211.3 mm Fx =-20.89 kN Fy=24.90 kN
group M3

bolt 1: x=109.1 mm y =63.0 mm Fx =-28.75 kN Fy=-16.60 kN
bolt 2: x=78.8 mm y =455 mm Fx =-28.75 kN Fy=-18.60 kN
bolt 3: X =48.4 mm y=28.0 mm Fx =-28.75 kN Fy=-16.60 kN
group M4

bolt 1: x =290.9 mm y =63.0 mm Fx =28.75 kN Fy=-16.60 kN
bolt 2: x=321.2 mm y =455 mm Fx =28.75 kN Fy=-16.60 kN
bolt 3: x =351.68 mm y =28.0 mm Fx =28.75 kN Fy=-16.60 kN
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3. Lk 1
3.1. group of bolts M1 (load in-transfer)

load point xm = 264.3 mm, ym = 192.1 mm, am = 50.0°

loading Fx,ed = 65.00 kN, Fy,ed = 0.00 kN, Mz,ed = 0.00 kNm

The group consists of 2 bolts. Each bolt, forces Fx and Fy are working,
which results from the devided loading.

3.1.1. verification of bolts
Uy utilisation due to shear, Uy utilisation due to bearing resistance, U utilisation of bolts

bolt 1: Fx,1 =32.50 kN Fy,1=-0.00 kN F1=32.50 kN
Uy1=0210 Up,1=0.762 U1= =0.762 < 1 ok

bolt 2: Fx,2 = 32.50 kN Fy2 = 0.00 kN Fz2 =32.50 kN
Uy2=0210 Up2=0522 U2= =0522 < 1 ok

total: Uy=0210 Up=0.762 Usc=0.762 < 1 ok

3.1.2. verification of joining section
40 | 40

= L T L
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plastic verification for N =32.50 kN
main bending: N = 32.50 kN, resistance forces Nmax = 149.67 kN, Nmin =-117.63 kN = Un=0.123
total (possibly due to load increase): max U =0.144 < 1 ok

verification of net cross-section for Ned = 32.50 kN

net cross-section with 1 bolt Anet = 934.5 mm2 = B = 0.9-Anet = 841.04 mm?
resistance Nu,Rd = B-fulymz = 242.22 kN

verification: Unet = NEd/Nu,Rd =0.134 < 1 ok

verification of shear block for Ned = 32.50 kN
shear resistance Veff,Rd = (Ant-fu) / ym2 + (Anv-fy/37/2) / ymo = 52.10 kN
verification: Ueff = NEd/Veff,Rd = 0.624 < 1 ok

3.1.3. total
max Um1 =0.762 < 1 ok

3.2. group of bolts M2 (load in-transfer)

load point xm = 135.7 mm, ym = 192.1 mm, am = 130.0°

loading Fx,ed = 65.00 kN, Fy,ed = 0.00 kN, Mz,ed = 0.00 kNm

The group consists of 2 bolts. Each bolt, forces Fx and Fy are working,
which results from the devided loading.
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3.2.1. verification of bolts
Uy utilisation due to shear, Uy utilisation due to bearing resistance, U utilisation of bolts

bolt 1: Fx,1 = 32.50 kN Fy,1 =-0.00 kN F1=382.50 kN
Uv,1=0210 Up1=0782 Ui1==0762 < 1 ok
bolt 2: Fx,2 = 32.50 kN Fy,2 =-0.00 kN F2 = 32.50 kN
Uv2=0.210 Up2=0522 U2= =0522 < 1 ok
total: Uy=0210 Up=0.762 Usc=0.762 < 1 ok
3.2.2. verification of joining section
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plastic verification for N =32.50 kN
main bending: N = 32.50 kN, resistance forces Nmax = 149.67 kN, Nmin =-117.63 kN = Un=0.123
total (possibly due to load increase): max U =0.144 < 1 ok

verification of net cross-section for Ned = 32.50 kN

net cross-section with 1 bolt Anet = 934.5 mm2 = B = 0.9-Anet = 841.04 mm?
resistance Nu,Rd = B-fulymz = 242.22 kN

verification: Unet = NEd/Nu,Rd =0.134 < 1 ok

verification of shear block for Ned = 32.50 kN
shear resistance Veff,Rd = (Ant-fu) / ym2 + (Anv-fy/37/2) / ymo = 52.10 kN
verification: Ueff = NEd/Veff,Rd = 0.824 < 1 ok

3.2.3. total
max Umz =0.762 < 1 ok

3.3. group of bolts M3 (load in-transfer)

load point xm = 78.8 mm, ym =45.5 mm, am =-150.0°

loading Fx,Ed = 99.58 kN, Fy,ed = 0.00 kN, Mz,Ed = 0.00 kNm

The group consists of 3 bolts. Each bolt, forces Fx and Fy are working,
which results from the devided loading.

3.3.1. verification of bolts
Uy utilisation due to shear, Uy utilisation due to bearing resistance, U utilisation of bolts

bolt 1: Fx,1 =33.19 kN Fy,1=-0.00 kN F1=383.19 kN
Uy,1=0.382 Up,1=0.398 U1==0.398 < 1 ok
bolt 2: Fx,2 =33.19 kN Fy2 =-0.00 kN F2 =33.19 kN
Uy2=0.382 Up2=0.398 U2= =0.398 < 1 ok
bolt 3: Fx,3 =33.19 kN Fy,3 =-0.00 kN Fs=33.19 kN
Uy3=0.382 Up3=0.398 Us= =0.398 < 1 ok
total: Uy=0.382 Up=0.398 Usc=0.398 < 1 ok
3.3.2. verification of joining section
| 40 | 40 |
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plastic verification for dieses section not méglich !!
verification not possible !!

verification of net cross-section for Ned = 49.79 kN

net cross-section with 1 bolt Anet = 536.0 mm2 = B = 0.9-Anet = 482.40 mm?
resistance Nu,Rd = B-fulymz2 = 138.93 kN

verification: Unet = NEd/Nu,Rd = 0.358 < 1 ok
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3.3.3. total
max Um3z =0.398 < 1 ok

3.4. group of bolts M4 (load in-transfer)

load point xm = 321.2 mm, ym = 45.5 mm, am = -30.0°

loading Fx,Ed = 99.58 kN, Fy,ed = 0.00 kN, Mz,Ed = 0.00 kNm

The group consists of 3 bolts. Each bolt, forces Fx and Fy are working,
which results from the devided loading.

3.4.1. verification of bolts
Uy utilisation due to shear, Uy utilisation due to bearing resistance, U utilisation of bolts

bolt 1: Fx,1=33.19 kN Fy,1=-0.00 kN F1=383.19 kN
Uy,1=0.382 Up1=0398 U1==0.398 < 1 ok
bolt 2: Fx,2 =33.19 kN Fy,2 =-0.00 kN F2 =33.19 kN
Uv2=0.382 Up2=0.398 Uz2==0.398 < 1 ok
bolt 3: Fx,3=33.19 kN Fy,3 =-0.00 kN F3=33.19 kN
Uy,3=0.382 Up3=0.398 Us==0.398 < 1 ok
total: Uy=0382 Up=0.398 Us=0.398 < 1 ok
3.4.2. verification of joining section
| 40 | 40 |
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plastic verification for dieses section not méglich !!
verification not possible !!

verification of net cross-section for Ned = 49.79 kN

net cross-section with 1 bolt Anet = 536.0 mm2 = B = 0.9-Anet = 482.40 mm?
resistance Nu,Rd = B-fulymz2 = 138.93 kN

verification: Unet = NEd/Nu,Rd = 0.358 < 1 ok

3.4.3. total
max Uma =0.398 < 1 ok

3.5. gusset plate

utilisation Up
max Up = 0.446

utilisation

node| x y | Mhox Ny ey ‘ o x ov ‘ Up
mm mm kN/m kN/m kN/m N/ mm? N/ mm? N/ mm?

249 |106.61 69.02| 944.56 705.76 670.49 104.91 0.00 0.00| 0.446

536 |110.55 54.60| 1367.84 -16.62  270.32 76.46 15.02 80.76| 0.344

875 | 40.89 21.06| -234.22 -89.78 -798.15 11.37 44,34 77.64| 0.330

x,y: hode coordinates; nxx,nyy,nxy: regarded normal stresses; o,1,0v: stresses; 6v=0: o, principal stresses; Up: utilisation
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4. final result

maximum utilisation of plate max Up due to 1 Lk

max max Up = 0.446
0.0011
0.0508
0.1

—— 0.15
{ 0.199
— 0.248
0.298
0.347
0.397
0.446

maximum utilisation of plate due to 1 Lk: max Up with corresponding values

node X y Ux Uy u ox T ov Up
mm mm mm mm mm N/mm?2 N/mm?2 N/mm?2
249 |106.61 69.02 -0.006 -0.019 0.019 104.91 0.00 0.00 0.446

X,y: node coordinates; ux,Uy,u: translations; nxx,nyy,nxy: normal forces; o,t,0v: stresses; cv=0: 5,1 principal stresses
Up: utilisation

maximum utilisation of bolts [Lk 1] max Usc =0.762 < 1 ok
maximum utilisation of gusset plate [Lk 1] max Up =0.446 < 1 ok

resistance not ensured !!

verification could not be executed, see Lk 1!

5. Regulations

DIN EN 1990, Eurocode 0: Grundlagen der Tragwerksplanung;
Deutsche Fassung EN 1990:2002 + A1:2005 + A1:2005/AC:2010, Ausgabe Dezember 2010
DIN EN 1990/NA, Nationaler Anhang zur DIN EN 1990, Ausgabe Dezember 2010

DIN EN 1993-1-1, Eurocode 3: Bemessung und Konstruktion von Stahlbauten -
Teil 1-1: Allgemeine Bemessungsregeln und Regeln fir den Hochbau;
Deutsche Fassung EN 1993-1-1:2005 + AC:2009, Ausgabe Dezember 2010
DIN EN 1993-1-1/A1, Erganzungen zur DIN EN 1993-1-1, Ausgabe Juli 2014
DIN EN 1993-1-1/NA, Nationaler Anhang zur DIN EN 1993-1-1, Ausgabe Dezember 2018

DIN EN 1993-1-8, Eurocode 3: Bemessung und Konstruktion von Stahlbauten -
Teil 1-8: Bemessung von Anschllssen;
Deutsche Fassung EN 1993-1-8:2005 + AC:2009, Ausgabe Dezember 2010
DIN EN 1993-1-8/NA, Nationaler Anhang zur DIN EN 1993-1-8, Ausgabe Dezember 2010
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